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1 Executive Summary  

This document is an output developed during the execution of Activity 3: Co-Creation Labs: 
perform experiences and validation by cities, more concretely of task 3.1 Expand Co-Creation 
Labs: methodology, framework, and technological tools definition. This report describes the 
methodology that can be applied to pilot cities as Co-Creation Labs, based on the analytical 
models and services developed and tested for Lisbon. It also includes an evaluation 
framework to assess progress and descriptions of the technological tools to support users 
and stakeholders through the transition towards Co-Creation. 

 

2 Objectives 
2.1 Strategic Objective 

The main objective of this activity is to validate the Co-Creation Labs proposed services in 
selected cities (Lisbon + 2) and add additional use cases. 

2.2 Operational Objective 

Define the methodology that will be applied throughout all the pilot sites, so they can also 
become Co-Creation Labs, and provide an evaluation framework and technological tools to 
support users and stakeholders that is common to all Co-Creation Labs. 

2.3 Tasks 

The development of this activity includes the implementation of following tasks: 

Task 3.1: Expand Co-Creation Labs: methodology, framework, and technological tools 
definition   

This task will produce methodology, framework, and technological tools on Co-Creation labs. 
This requires the: 

 Definition of the methodology that will be applied to the two additional pilot city sites, 
transitioning them to Co-Creation Labs, and ensuring coordination with the project’s tasks  

 Provision of an evaluation framework and descriptions of technological tools common to 
all Co-Creation Labs to support users and stakeholders. 

 Establishment of user and usability guidelines to apply during implementation of the 
methodology and testing in each city.  

Task 3.2: Coordination of Co-Creation Labs: use cases implementation 

Under this task, the use cases will be implemented in the two participating cities. This will be 
recorded in the report of use case implementation and performance in each city including 
the recommendations. This task will: 

 Implement and coordinate the user trials in each pilot city via Co-Creation Labs 
methodologies, to assure that the services work with different data sets (specifically, 
the local open data of each city) and to define and test local use cases for the same 
services.  
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 Execute each use case by implementing and testing each service in each city by each 
group of users; 

 Select users to establish sustainable user communities through the enablement of 
feedback mechanisms and the identification of users motivated to make use of 
services, particularly considering those with high data processing needs. These user 
communities could be used in the future to track changing preferences in terms of 
new smart city services; and 

 Provide a wrap-up, high-level document with recommendations for future work on 
smart cities services and use cases, with a view to business sustainability, highlighting 
specific open data local issues, differences in uses cases in each city and explaining 
possibilities for new services. 

2.4 Outputs:  

 Report on Co-Creation Labs: methodology, framework, and technological tools; 
 Report on the legal and regulatory frameworks applicable to open data collection in 

each city; 
 Report of use cases implementation and performance in each city; and 
 Recommendations for implementation: handbook for smart cities Co-Creation Labs. 

2.5 Milestones and means of verification 

Milestone 
number 

Milestone description Indicative 
completion 

date 

Completion 
date 

Means of verification 

5 
Define methodologies 
to follow in all cities’ 
Co-Creation Labs 

30/09/2021 31/12/2021 
Report on Co-Creation 
Labs is available 

10 

Complete use cases 
implementation in all 
cities’ Co-Creation 
Labs 

30/11/2021 31/12/2021 

Report on completed 
use cases 
implementation in all 
cities is available 

 

3 Co-Creation Labs methodology 

This section describes the methodology that can be applied in the two additional cities based 
on the methodology implemented for Lisbon. The first subsection reviews the methodology 
applied for Lisbon that is extendable for the two additional cities. The following subsection 
describes the methodology for the disclosure of the analytical models and the Metadata 
Quality Assessment. 

3.1 General overview of the methodology 

Development of the use cases and the analytical models in Lisbon required access to data 
from the cities transactional databases and from Lisbon Open Data portal (Lisboa Aberta). 
Several models were trained and tested to achieve the basis for the analytical services that 
were deployed in Lisbon Urban Data Platform. The results were assessed to verify the 
replicability of the analytical models developed for Lisbon in two pilot cities. To augment this 
replicability and extended the application to other cities that may be interested in developing 
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services based on these models, the analytical models were disclosed in Lisboa Aberta 
(https://lisboaaberta.cm-lisboa.pt/index.php/pt/apps-e-analitica/ucd-lab) and will be 
disclosed in the Portuguese Public Administration Open Data Portal. A Metadata Quality 
Assessment was performed on the relevant datasets available in Lisboa Aberta to guarantee 
their conformity with the metadata requirements required by the European Data Portal. 
Figure 1 presents the workflow of the methodology applied for Lisbon and extended to the 
two pilot cities.  

 
Figure 1. General overview of the methodology applied for Lisbon and extended for the two additional cities. 

The following section describes the Lisbon Urban Data Platform that supported the 
implementation of the analytical models for each use case. Additionally, it recounts the 
methodology applied in the Analytics and Deployment layer that was based on the Cross 
Industry Standard Process for Data Mining (CRISP-DM) (Martinez-Plumed et al., 2019). 

3.2 Lisbon Urban Data Platform 

The Lisbon Urban Management and Intelligence Centre (CGIUL) is a Department of the 
Lisbon City Council (CML) that seeks to support innovation, efficiency, and transparency in 
municipal management through the development of an integrated and proactive data-
supported management that promotes these qualities and the development of new services 
to citizens. As such, and especially to provide high quality services in the security, emergency, 
and operational management and planning dimensions, the municipality has invested in the 
development of the Lisbon Intelligent Management Platform (PGIL). 

PGIL integrates data and information from 27 municipal operating systems and from external 
systems, managed by several partners in the city of Lisbon, including data from a wide sensor 
network. It provides more than 200 layers of information that are available to enrich the daily 
activities of the municipal workers and to enhance new and improved methods to manage 
the city’s different challenges. Through a big data approach, PGIL offers high collection, 
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storage, processing, and analysis of urban data, ensuring efficient and coordinated city 
management in real time. It is possible, for example, to monitor the capacity of waste 
containers, review the occupation of parking lots or know the ambient temperature, level of 
air pollution or volume of noise in each monitored location. 

The platform currently has 550 registered users from CML and supports the following 
activities: 

 Integrated Operations Centre (COI) - room where the Municipal Police, Municipal Civil 
Protection and Mobility Service operate directly on PGIL; 

 Firefighters Regiment decision making; 
 Municipal services information provision; 
 Lisbon Urban Data Laboratory - LxDataLab, which is a partnership between the 

Municipality and 11 (eleven) higher education and research institutions, to develop 
data analytics solutions that help to improve the efficiency, proactivity of municipal 
services and continually developing better services for the citizen; 

 App Lisboa.24, available on Android and IOS, which is aimed at the general citizen. In 
this App, the user has access to relevant information about what is happening in the 
city or about what is expected to happen. It also serves as a communication tool for 
the Municipality to notify citizens in and about emergency scenarios. App Lisboa.24 
currently has around 5000 users; 

 Municipal projects within the scope of what is usually called smart cities, due to their 
ability to integrate and provide information; 

 Feeds data into the Lisbon open data portal – Portal Lisboa Aberta 
(http://lisboaaberta.cm-lisboa.pt/index.php/pt/) offers 352 data sets provided by 19 
organizations in various formats. 

Currently, PGIL is a platform customized to the needs of the CML. Some of these 
customizations were provisioned in its initial specifications, while other requirements were 
developed in parallel with the municipal services according to their operational needs. These 
specific developments and the criticality of the services supported by PGIL, namely at the 
level of the Municipal Police, Civil Protection and Firefighters Regiment, make PGIL an unique 
and powerful tool. 

As the Lisbon Municipality had already developed a solid and structured strategy regarding 
open data and the investment in PGIL, the Urban Co-creation Data Lab (UCD Lab) project was 
a great opportunity to mobilize the expertise needed to take advantage of PGIL’s advanced 
analytical capabilities towards strategic, business, and operational decisions. Thus, the UCD 
Lab project aims to develop analytical capabilities, specifically analytical services capable of 
supporting data-based municipal management. 

Under this project, the municipality proposes to respond more effectively to challenges 
related to micromobility, waste management, parking, pollution, and emergency, all of which 
are challenging domains of municipal intervention. The results obtained will support the 
municipality's decision-making process, via integration into the Lisbon Intelligent 
Management Platform. 

The planned actions aim to expand the scope of the Lisbon Urban Data Lab – Lx Data Lab 
project (https://lisboainteligente.cm-lisboa.pt/lxi-iniciativas/lx-data-lab/), through open co-
creation initiatives, which respond to the needs of CML and leverage PGIL’s analytical 
capabilities, mobilize the best skills at European level, and support openness in urban data 
initiatives. Thus, the data generated by the implementation of this models will be made 
publicly available on the open data portal of the municipality of Lisbon. 
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In this way, the UCD Lab is also a cross-border expansion of Lx Data Lab and aims to develop 
a new generation of public services in the context of smart cities that exploit supercomputing 
facilities and public and private data to analyse complex combinations of large data sets in 
areas of public interest. 

The challenges launched are solved with the use of supercomputing services, using public 
and private data, which allow the treatment, processing, and analysis of complex 
combinations of large data sets. The models developed are integrated into the PGIL with the 
objective of being used daily by the municipality operational services, but also to produce 
information to support decision-making. 

The evolution of Lisbon Smart City strategy is heavily supported by the conviction that urban 
analytics can and will play a fundamental role in building new planning and management 
models to answer the challenges we face today in fighting climate change and assuring the 
quality of life to the people who live, work, or visit the city. Furthermore, this new reality will 
create opportunities for the municipality, the businesses, and the citizens to take advantage 
of this digital transformations and monetize the data collected and made available. The 
outcome of the proposed action is now materialized in services, more specifically analytics 
models, that demonstrate the need and the value of combining public and private data and 
supercomputing resources for existing public services, and future services. The UCD Lab aim 
to tackle data intelligence challenges in the specific use cases of urban data analytic services 
for Smart Cities, developing them in Lisbon and testing and validating in multiple cities. 

3.3 The Cross Industry Standard Process for Data Mining   

As the creation of analytical services for cities requires the use of data that is acquired and 
stored by cities as well external data that is processed and modelled, the creation process of 
these services requires a data science approach. The Cross Industry Standard Process for 
Data Mining (CRSIP-DM) (Martinez-Plumed et al., 2019) is the most used framework for this 
purpose and can be used in the context of cities Co-Creation Data Labs. The CRISP-DM 
methodology is composed by six phases, namely: 

1. Business understanding: in which the objectives and requirements of the project, 
especially regarding the customer needs, are defined; 

2. Data understanding: the data that is necessary to accomplish the objectives defined 
in the previous phase is identified, collected, and analysed; 

3. Data preparation: after the analysis and identification of the relevant datasets, they are 
prepared in this phase before entering the modelling phase; 

4. Modelling: the prepared data is used to assess and train several models; 
5. Evaluation: the models results are evaluated considering their fulfilment of the initial 

requirements and accomplishment of the initial objectives. 
6. Deployment: the successful models are deployed into production. 

Figure 2 shows a CRISP-DM diagram with the workflow and interaction between all six phases 
of CRISP-DM methodology. 
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Figure 2. CRISP-DM diagram with the identification of the six phases and the interaction between them (Source: 
Martinez-Plumed et al. (2019)). 

The following sections describe the CRISP-DM methodology implemented in Lisbon in the 
context of Co-Creation Labs and how this methodology can be used in the process creation 
of analytical models and services for cities. 

3.3.1 Business understanding 

To establish a cohesive business understanding, the data science team met multiple times 
with various city services and defined each of their planning and operational activities needs. 
The main goal of this phase was to identify possible use cases that address some operational 
problem or lack of inefficiency in services provided by CML. This phase was of extreme 
importance to delineate the objective of each analytical service and determine if the service 
can provide the necessary value to the city. This phase was iterative with phase 2 – Data 
understanding, in which the data available was assessed. It also defined the minimum quality 
requirements for the models that would be developed in the modelling phase. More 
specifically it established that a use case with more than one regression model, 80% of the 
models had to have a Mean Absolute Percentage Error (MAPE) (de Myttenaere et al., 2016) 
below 50%. For the use cases with just one model the MAPE should be also below 50%. 
Classification models should have an Area Under Curve (AUC) (Huang & Ling, 2005) of at least 
70%. 

3.3.2 Data understanding 

As per the previous section, this phase was iterative with the business understanding, as the 
data that is available will condition the solution that can be developed for each analytical 
service. An initial literature review assessed the datasets that could be relevant for the 
development of each analytical model. This phase is of extreme importance as it allows to 
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focus on datasets that in previous studies have been used for the development of equal or 
similar analytical models. 

The analytical model development team and data city managers met to assess and verify 
which data is available in the different closed municipal information systems and in the city 
open data portal. The available open data was assessed to determine its relevance for the 
development of the analytical models that would support the services. 

The characteristics of data were evaluated (e.g., variation along time, level of aggregation) to 
detail the services that would be developed. The data made available by cities to develop 
the use cases was collected and an initial analysis was made regarding data formats, number 
of records, field entities, and spatial and time aggregation. 

The provided data was visualized and relationships between the datasets identified. Quality 
issues with the data were also addressed, namely the existence of duplicates and missing 
values. As a major part of the data available have a spatial component, the datasets were 
visualized in a Geographic Information System (GIS). Several levels of time aggregation were 
tested, and the data was visualized through plots.  

3.3.3 Data preparation 

The data preparation phase consisted of selecting, cleaning, constructing, integrating, and 
formatting data. The data selection was made according to the analysis of datasets that have 
been used in previous studies and the possible use of similar datasets for the development 
of the use cases of Urban Co-Creation Data Lab project. Also, additional features were 
created through the transformation of existing features in the data. As data comes from 
different sources, data was integrated and merged through their spatial and temporal 
attributes. 

3.3.4 Modelling 

After data preparation, data is ready to enter in the modelling phase. Based on the descriptive 
analysis and the definition of each use case that was developed, the modelling techniques 
were chosen. Time-series models were trained and tested for the development of #1 
Micromobility and #2 Waste Management use cases, namely Autoregressive Integrated 
Moving Average (ARIMA) models (Box et al., 2008): 1) without seasonal and exogenous 
component (ARIMA); 2) with exogenous component, Autoregressive Integrated Moving 
Average with Exogenous Factors (ARIMAX); 3) with seasonal component, Seasonal 
Autoregressive Integrated Moving Average (SARIMA); and 4) with seasonal and exogenous 
component, Seasonal Autoregressive Integrated Moving Average with Exogenous Factors 
(SARIMAX). These models were evaluated using MAPE. 

The development of #4 Pollution use case used a wall-modelled Large Eddy Simulation 
(WMLES), that was evaluated by simulating a periodic ABL flow through Tokyo's Shinjuku 
urban area. 

#3 Parking and #5 Emergency were trained and tested using the LightGBM framework (Lv et 
al., 2021) and neural networks through Keras deep learning framework (Ketkar, 2017), that 
were evaluated considering MAPE and AUC. 
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3.3.5 Evaluation 

In this phase the model’s performances were evaluated according to their fulfilment of the 
requirements and performance in the defined scenarios of the initial use cases.  The feedback 
of city services was also considered. To demonstrate the potential of the results of the 
intangible analytical models when applied to their respective municipal services, dashboards 
containing descriptive and predictive information were developed for use cases #1 
Micromobility, #2 Waste management, #3 Parking, and #5 Emergency. Each dashboard was 
based on its own dimensional model, which leverages the basic concepts of facts, measures 
and dimensions (Sulaiman & Yahaya, 2013) and is focused on numeric data, such as values, 
counts, weights, balances and occurrences (Ballard et al., 1999). For the use case #4 – 
Pollution several visualizations were developed for the pollutant’s dispersion simulations. 

3.3.6 Deployment 

Deployment entails the process to create the analytical service for each use case, considering 
the conclusions from the Evaluation phase. The developed models were then deployed in 
PGIL. 

In general terms, the end-to-end process for any predictive model in PGIL follows the 
depiction in Figure 3, while a more specific flow is detailed in Figure 4. 

 
Figure 3. End-to-end process for the models deployed in PGIL. 
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Figure 4. Detail of the end-to-end process for the models deployed in PGIL. 

The Machine Learning Pipeline is governed by a Nifi process: 

 (Steps 1 & 2) Collect data from historic database (CRATE) via Datahub Platform 
Module; 

 (Step 3) Request to Hydrosphere the application execution (a trained model) and 
pass the data to the model (as an alternative path, the hydrosphere running model 
directly request the data from the Datahub); 

 (Step 4 & 5) Hydrosphere finds the model and request model prediction;  
 (Step 6) The result, prediction will be passed back to Nifi process; 
 (Step 7) The data will be stored in Orion for later usage on the platform, for example 

display results on cartography and/or publish it on Datahub module for public 
sharing.   

This process will be executed as required by configuring it on the Nifi Process.  

3.3.6.1 Steps to implement a prediction model in PGIL 

(Step 1) The first step taken by the team is to analyse the data required for the prediction 
model and analyse how the data is pre-processed to obtain the final dataset that will feed 
the prediction model.  

The Datahub Module will gather data from the database by: 

1.1 Identifying the entities name on the historic data base; 

1.2 Identifying required attributes and format for each entity; 

1.3 Defining the datasets by selecting entity, attributes, time-range and its refresh 
frequency using the Datahub Module; 
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1.4 Output: Retrieving the public URL for each of the Datasets define on step 1.3.  

Next, the data is pre-processed to clean and transform, as per the following sub-steps: 

1.5 Cleaning: Analysing the script used during training to extract the actions to be taken, 
such as: remove duplicate data, remove/impute missing value, resample/group time 
series, convert categorical data to numerical, merge data from different 
sources/datasets, etc; 

1.6 Featuring: creating new features from the data by applying specific functions to it;  

1.7 Output: Pre-processing script.  

(Step 2) The second step is to generate the script that instantiate the model and publish the 
prediction method: 

2.1 Identifying model parameters and configuration from train model script; 

2.2 Identifying inputs shape and format; 

2.3 Redefining output shape and format (to accommodate to PGIL entities); 

2.4 Generating prediction model script; 

2.5 Output: Modelling prediction script. 

(Step 3) Once the scripts from steps 1 and 2 are completely functional, the next step is to 
deploy them as an application on the Hydrosphere module: 

3.1 Creating model metadata and signature for Hydrosphere module as a YAML file 
(model name, description, inputs and output shape and format and payload information 
for docker image);  

3.2 Uploading the model to Hydrosphere following the CLI command from the 
Hydrosphere Library;  

3.3 Testing the model endpoint from Hydrosphere UI; 

3.4 Output: Retrieving the application´s URL. 

(Step 4) The final step is to generate a Nifi process to manage the E2E process that obtain the 
prediction and persist the results in the database: 

4.1 Based on Nifi ML process, configuring;  

a. NiFi Process execution frequency 
b. Model Application Url 
c. Entity name for prediction storage on DDBB 

4.2 Testing the E2E process;  

4.3 Output: operational Nifi process that runs the E2E process. 
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3.4 Analytical models disclosure 

One of the core objectives of the project is that the analytical models are reusable by other 
cities to develop services that have utility for the development of daily or long-term municipal 
operational activities. In that sense, the code developed for each use case, along with the 
data models and services specifications were published online along with the identification 
of input data, variables used to train the models, models identification, quality assessment of 
the models, output data, and reporting. The data models and service specifications for each 
use case were disclosed in openly accessible local (Lisboa Aberta - https://lisboaaberta.cm-
lisboa.pt/index.php/pt/apps-e-analitica/ucd-lab)  and will be made available in a national 
open data portal (https://dados.gov.pt/en/).  

3.5 Metadata Quality Assessment 

To assess the quality of the open data harvested by the Lisbon Open Data Portal it was 
necessary to test the metadata of each relevant data set used in the project in the Metadata 
Quality Assessment (MQA) tool (https://data.europa.eu/mqa/shacl-validator-ui/) provided 
by the European Data Portal. The compliance rules of the metadata require that the 
properties of several indicators must follow a specific format, with mandatory fields and pre-
determined options to be considered valid by the MQA tool. 

As the tool only accepts valid linked data files and these are not available for the datasets 
available in Lisbon Open Data Portal, the team developed a web application 
(https://metadata-app-eu.herokuapp.com/) in Dash and Python in which the metadata of 
each relevant open dataset used in the project was converted to JSON-LD to be readable by 
the MQA tool. The created JSON-LD files created for each relevant data set were then 
published online in the Lisbon Open Data Portal to be evaluated through the MQA tool. The 
developed tool has the advantage to provide a user-friendly interface to collect the 
metadata, without the need for comprehension of all details associated with their 
development. Besides this aspect, the tool is a useful resource that can be used by any 
organization or institution that wants to publish machine-readable metadata across websites, 
following other pieces of linked data that are hosted on different sites. 

4 Evaluation framework 

To evaluate the effectiveness and usability of each analytical service, a common evaluation 
framework to be implemented in each city was developed. The main goal of this evaluation 
framework is to organize and link evaluation questions for each analytical service with their 
outcome, indicator, and data source. The evaluation framework presented in Table 1 
summarizes information about the analytical services developed during the project to 
improve and optimize several services provided by the cities in the context of micromobility, 
waste management, parking, pollution, and emergency. 

Evaluation 
question 

Analytical 
service Outcome Indicator Data source Target 

What are 
the city 
managers 
experience 
in using the 

#1 
Micromobility 

City managers can 
reduce costs associated 
with bike rebalancing 
operations 

Costs 
associated with 
travelled 
distance in bike 
rebalancing 
operations 

City 
databases 

10% reduction 
in costs 
associated 
with bike 
rebalancing 
operations 
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Evaluation 
question 

Analytical 
service Outcome Indicator Data source Target 

analytical 
services? 

#2 Waste 
management 

City managers can 
reduce costs associated 
with waste trucks 
operations in the 
collection of 
undifferentiated waste 

Costs 
associated with 
the no. of trucks 
used in the 
collection of 
undifferentiated 
waste 

City 
databases 

10% reduction 
in costs 
associated 
with the 
number of 
trucks used in 
the collection 
of mixed 
waste 

#3 Parking 

Municipal police can 
optimize the patrolling of 
streets looking for illegal 
parking 

Optimize the 
costs patrolling 
streets, having 
a more 
effective ratio 
between illegal 
parking 
detected and 
number of 
patrolling  

City 
databases 

20% increase 
in parking 
illegalities 
detected (in 6 
months) 

20% decrease 
in parking 
illegalities 
detected 
(after 6 
months) 

#4 Pollution 

City managers can have a 
more effective allocation 
of 
security/emergency/civil 
protection forces in the 
city in case of a pollution 
accident 

People injured 
or dead in case 
of a pollution 
accident 

Health 
services 
databases 

90% reduction 
in deaths and 
injuries after a 
pollution 
accident 

Costs 
associated with 
material goods 
damaging in 
case of a 
pollution 
accident 

Insurance 
companies’ 
databases 
(personal 
goods) 
City 
databases 
(public 
goods) 

30% reduction 
in costs 
associated 
with material 
goods 
damaging 
after a 
pollution 
accident 

#5 
Emergency 

Firefighters can optimize 
the allocation of rescue 
vehicles in traffic 
accidents with injuries 

Time needed to 
assist injured 
people in case 
of a traffic 
accident 

Firefighters’ 
occurrences 
database 

Reduce the 
average 
response time 
of support to 
injured people 
due to traffic 
accidents to 
10 minutes  

Table 1. Evaluation framework for each analytical service. 

 

5 Technological tools 

In this section the technological tools used in the analytics layer and deployment layer of the 
proposed methodology are presented.  

5.1 Technological tools for the development of the analytical models 

For the development of the analytical models, a set of technological tools was used to 
achieve the best solution for each one of them. The technological tools described in the 
following sections correspond to the ones used for the development of the use cases for 
Lisbon and can be extended to other pilot cities. 
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5.1.1 ArcGIS Pro 

As previously stated, most of the data used for modelling have a spatial component required 
a Geographic Information System (GIS) software to manipulate and transform the data, 
especially in the Data preparation phase. ArcGIS Pro allows the integration of data from 
multiple sources and formats. It also provides tools to display, edit and analyse data. The main 
operations made resorting to ArcGIS Pro were related with the visualization and descriptive 
analysis of spatial data, along with space and time aggregation, preparing datasets to be used 
in the modelling phase.  

5.1.2 Spyder 

In the data preparation and modelling phases, Spyder (Scientific Python Development 
Environment), a free and open-source scientific environment written in Python, was used to 
develop the analytical models. Spyder is designed for scientists, engineers, and data analysts, 
presenting several functionalities for advanced editing, analysis, debugging.  

5.1.3 JupyterLab 

Other Python environments have also been used for the development of the analytical 
models. JupyterLab is a web based interactive development for Jupyter notebooks, code, 
and data, supporting a wide range of workflows in data science, scientific computing, and 
machine learning.  

5.1.4 Power BI 

Power BI was used to develop the dashboards for analytical models’ visualization purposes. 
Power BI is a collection of software services, apps, and connectors that work together to turn 
unrelated sources of data into coherent, visually immersive, and interactive insights. Power 
BI allows the connection to different data sources and permits visualize, analyse, and share 
the analysis made. 

5.2 Technological tools for the development of use case #4 Pollution 

The development of the analytical model for #4 – Pollution was developed by the Barcelona 
Supercomputing Center (BSC) and required a specific set of technological tools that are 
presented below. 

5.2.1 Alya 

Alya is an in-house high-performance computational mechanic’s code to solve complex 
coupled multi-physics/multi-scale/multi-domain problems, mostly coming from the 
engineering realm. Among the different physics solved by Alya, 
incompressible/compressible fluid dynamics, turbulence modelling, transport phenomena, 
non-linear solid mechanics, chemistry, particle transport, heat transfer, electrical 
propagation, are of note. The finite element numerical methodology is the common approach 
for all the physics to discretize their respective governing PDEs. 

For the case of fluid dynamics, state-of-the-art numerical methodologies are used to ensure 
its reliability for high-fidelity Computational Fluid Dynamics (CFD) simulations.  
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On the other hand, Alya was specially designed for massively parallel supercomputers, and 
its parallelization embraces four levels of the computer hierarchy. 1) A sub structuring 
technique with MPI as the message passing library is used for distributed memory 
supercomputers. 2) At the node level, both loop and task parallelisms are considered using 
OpenMP as an alternative to MPI. Dynamic load balance techniques have been introduced as 
well to exploit computational resources at the node level better. 3) At the CPU level, some 
kernels are also designed to enable vectorization. 4) Accelerators like GPU are also exploited 
through OpenACC pragmas or with CUDA further to enhance the performance of the code 
on heterogeneous computers.  

Multiphysics coupling is achieved following a multi-code strategy, relating different instances 
of Alya. MPI is used to communicate between the different instances, where each instance 
solves a particular physics. This powerful technique enables the asynchronous execution of 
the different physics. Thanks to a careful programming strategy, coupled problems can be 
solved by retaining the scalability properties of the individual instances.  

The code is one of the two CFD codes of the Unified European Applications Benchmark Suite 
(UEBAS) as well as the Accelerator benchmark suite of PRACE. 

5.2.2 Ansa 

Ansa is a commercial multidisciplinary CAE pre-processing tool that provides all the 
necessary functionality for full-model build-up, from CAD data to ready-to-run solver input 
file, in a single integrated environment. Ansa has been used for geometry processing and to 
generate the finite-element unstructured mesh, which is subsequently used as an input for 
the Alya simulation. 

5.2.3 Paraview 

ParaView is an open-source multiple-platform application for interactive, scientific 
visualization. This software platform is used to post-process and visualize Alya’s output data. 
It has a client-server architecture to facilitate remote visualization of datasets straight from 
the remote simulation folder and generate level of detail (LOD) models to maintain interactive 
frame rates for large datasets. ParaView is an application designed for data parallelism on 
shared-memory or distributed-memory multicomputers and clusters like the one used in the 
current project. 

5.2.4 Python scripting 

Several parallel python scripts have been developed to post-process the data. The scripts 
are based in MPI libraries for Python applications and can be executed in MN for massively 
parallel applications. The scripts can directly read Alya's parallel output files to manipulate 
data and generate any desired pre-process or extract any derived quantity from the problem 
primitive variables. 

5.2.5 Hardware 

The simulations for the development of the pollution use case required the use of High-
Performance Computing (HPC) resources, namely MareNostrum IV supercomputer. 
MareNostrum 4 is the supercomputer hosted by the Barcelona Supercomputing Centre. Its 
architecture is based on Intel Xeon Platinum processors, Lenovo SD530 Compute Racks, a 
Linux Operating System, and an Intel Omni-Path interconnection. Below, a summary of the 
general-purpose cluster system is given: 
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 Peak Performance of 11.15 Petaflops 
 384.75 TB of main memory 
 3,456 nodes: 

o 2x Intel Xeon Platinum 8160 24C at 2.1 GHz; 
o 216 nodes with 12x32 GB DDR4-2667 DIMMS (8GB/core) 
o 3240 nodes with 12x8 GB DDR4-2667 DIMMS (2GB/core) 

 Interconnection networks: 
o 100Gb Intel Omni-Path Full-Fat Tree 
o 10Gb Ethernet 

 Operating System:  SUSE Linux Enterprise Server 12 SP2 

5.3 Technological tools allocated in Lisbon City Council 

The Lisbon Intelligent Management Platform is a technology that integrates several systems 
that allow monitoring, analysis, and management of Lisbon in real time and more efficiently. 
PGIL generates information relevant for decision making via data made available by the 
different city services and by external partners, in areas like urban hygiene, mobility, 
environment or public space. Besides this, the PGIL platform supports the Integrated 
Operational Centre of Lisbon, a centre that improves the operational management of the city 
and the response to the city’s daily problems. One of the models that is integrated in PGIL is 
the machine learning module that allows the development and deployment of analytical 
solutions. The PGIL Machine Learning Module and their different tools are presented below. 

5.3.1 PGIL Machine Learning Module 

The PGIL CCOC Platform is equipped with a powerful Machine Learning Module that enables 
data science teams to accomplish several tasks from data exploration, data manipulation, 
model definition, training, and production release, leveraging historic and external data.  

The module has the following tools:  

 JupyterLabs: See 5.1.3. As an IDE, it allows access to a wide variety of tools, options and 
different kernels that cover a wide variety of needs, as well as access to the H2O 
prediction engine; 

 

 H2O prediction engine: is an open source, distributed in-memory machine learning 
platform with linear scalability. It supports the most widely used statistical and 
machine learning algorithms, including gradient-driven machines, generalized linear 
models, deep learning, and more. Additionally, it has an industry leading AutoML 
functionality that runs automatically through all algorithms and their hyperparameters 
to produce a leader board of the best models; 

 Hydrosphere: is an open-source platform to implement learning models in productive 
environments. It is a collection of docked services that run on Docker or Kubernetes. 
Hydrosphere facilitates deployment and production management of trained models 
in a fast and efficient manner, as well as the production deployment of the different 
models from H2O and any other that is created or imported into the JupyterLabs IDE. 

5.3.1.1 JupyterLabs IDE 

The JupyterLabs module includes the CCOC Kernel which in turn includes all the required 
libraries to facilitate the different activities included in the data flow, such as: 
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 Selection of data stored in Big Data 
 Pre-processing of data, if necessary 
 Data analysis and pre-visualization 
 Data transformation, if necessary 
 Division of data sets for training and validation 
 Identification of essential characteristics of the data 
 Construction of specific models based on the available H2O 
 Model training 
 Model validation 
 Deployment of models in production 

In Figure 5 is presented the integrated development environment (IDE) of the JupyterLabs. 

 

Figure 5. JupyterLabs IDE. 

5.3.1.2 H2O Prediction Engine 

It is based on the open-source module H2O.ai, based on Java. Its main characteristics are: 

 In-memory processing provides real-time responsiveness and enables more models 
to run; 

 Parallel fine-grained distribution for Big Data, which allows precise calculations across 
one or more nodes; 

 Offers a great set of Machine Learning algorithms. Powerful out-of-the-box algorithms 
for regression, classification, clustering, and deep learning: 

o Analytical data exploration: summary, K-Means, PCA, Data Munging / 
Transformation 

o Advanced algorithms: Generalized Linear Model (GLM) - Poisson, Gamma 
Tweedie, binomial (logit), Gaussian, Random Forest, Gradient Boosted 
Regression, Gradient Boosted Classification 
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o Prediction and evaluation engines: GLM, Random Forest, Gradient Boosted 
Regression, Gradient Boosted Classification, K-Means 

o Deep Learning: Neural Networks 
 It allows developing Machine Learning applications in various languages: Java, Scala, 

Python and R and offers HDFS, Amazon S3 and BD NoSQL interfaces. 

5.3.1.3 Hydrosphere 

This component allows deployment in production and reuse of models, regardless of the 
programming language or libraries used to develop or implement them (supports Python, R, 
Julia, Scala Spark, custom binary, TensorFlow, PyTorch, etc.) 

From the JupyterLab workbook it is possible to load the model, once trained, to the 
Hydrosphere module to later create an application that is available for use by the platform. 

The Hydrosphere control panel is organized into two large sections for quick and easy user 
access: 

 Models: allows to organize and maintain the versions of each model and its details, 
specified from the metadata of the model itself, such as input and output variables, 
as well as the expected data type, among others; 

 Applications: Information on the available production models, with information on 
their status, information on the access point (endpoints) and their tests. 

5.3.2 Architecture and available resources 

In Figure 6 is showed a summary of the containers and services deployed on the PGIL´s fifth 
host. This host take cares of the three services: JupyterLabs IDE, H2O Prediction Engine and 
Hydrosphere. 

 
Figure 6. Containers and services deployed on the PGIL’s fifth host. 

The physical resources for service are the ones shared by host5, with two Virtual Machines 
(VM_ML_1 and VM_ML_2) (Table 2). 
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SERVICE VM CPU RAM HDD 

JupyerLabs, 
JupyterNotebooks, 

H2O Cluster, 
Hydrosphere 

VM_ML_1 8vCPUs 32 GB 150GB 

VM_ML_2 8vCPUs 32 GB 150GB 

Table 2. Physical resources shared by host 5. 
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