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FMP-Met 
METEOROLOGICAL UNCERTAINTY MANAGEMENT FOR FLOW MANAGEMENT 
POSITIONS 

 

This Exploitation Plan is part of a project that has received funding from the SESAR Joint Undertaking under grant agreement 
No 885919 under European Union’s Horizon 2020 research and innovation programme. 

 

 

Abstract  

The present deliverable details the exploitation plan. The deliverable lists the goals by target 
audiences. It also describes the exploitation strategy to reach the established goals, including any 
action needed to protect certain results that could be considered strategic for further research and/or 
commercial uses, the particular exploitation interests of each of the partners and the joint exploitation 
goal as a Consortium. As the main exploitation threads are, on the one hand, the development of 
scientific libraries and, on the other, the development of a software tool concept, we devote a section 
to Software management, including a documented scientific library that is provided as example in the 
appendix. Lastly, a list of intended activities towards exploitation, including stakeholder’s engagement 
is presented. 
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1 Introduction1 

The goal of the present Exploitation Plan is to promote the FMP-Met project achievements and its 
results. For this purpose, the plan presented in this deliverable defines clear objectives and sets out a 
concrete strategic planning for the exploitation activities in a way that results can be effectively 
channelled through the SESAR H2020 R&I pipeline, in particular, to pass the maturity gate and, thus, 
transferring mature results to the Application-Oriented Research track or, eventually, to the Industrial 
Research activities. 

The exploitation plan includes the exploitation strategy (Section 3), including the identification of 
exploitation interests, the software management plan (Section 4) and a calendar with intended 
exploitation activities (Section 5). 

1.1 Applicable Reference material 

This plan satisfies the content and activities identified in Section 5.2 of the Exploratory Research 
(ER) Project Execution Guidelines document [1] and the Article 28 of the Grant Agreement 
concerning [2] the exploitation of results. 

1.2 Information on JU funding and disclaimers 

According to Article 28.2 of the GA, if results are incorporated in a European or International 
standard, the beneficiary concerned must — unless the JU requests or agrees otherwise or 
unless it is impossible — ask the standardisation body to include the following statement in 
(information related to) the standard: 
 

“Results incorporated in this standard received funding from the SESAR Joint Undertaking (JU) 
under grant agreement No 885919. The JU receives support from the European Union’s Horizon 

2020 research and innovation programme and the SESAR JU members other than the Union”. 
 

In addition, in accordance with Article 38.2 of the Model Grant Agreement beneficiaries shall, 
during the project and afterwards, ensure the visibility of EU funding for any major result 
(including prototypes) funded by the grant, by: 
 

• displaying the EU and the SJU logos; 
• including the reference to EU funding set out in the Grant Agreement; 
• including the relevant disclaimers. 

 

                                                           

 

1 The opinions expressed herein reflect the author’s view only. Under no circumstances shall the SESAR Joint 
Undertaking be responsible for any use that may be made of the information contained herein. 
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Disclaimer excluding SJU responsibility: Any result derived from the action (including prototypes) will 
indicate that it reflects only the author's view and that the SJU is not responsible for any use that may 
be made of the information it contains. 

1.3 SESAR 2020 R&I pipeline 

The Exploratory Research covers the initial part of SESAR 2020 Research and Innovation (R&I) Pipeline, 
as shown in figure 1. The Exploratory Research/Industrial Research (ER/IR) Gate is foreseen for 
transferring mature Application-Oriented Research results to the Industrial Research activities.  

To be more specific, the positioning of FMP-Met is Pre-TRL1, as described in the Appendix B of the 
Project Handbook of SESAR 2020 Exploratory Research [PH]: “Fundamental exploratory scientific 
research investigating relevant scientific subjects and conducting feasibility studies looking for 
potential application areas in ATM, concentrating both on out-reach to other disciplines as well as 
educating within.”  

The primary ambition is to pass the maturity gate towards Application-Oriented Exploratory Research. 
Nonetheless, the maturity of FMP-Met results will be also explored in terms of feeding Industrial 
Research Activities. 

 

Figure 1: SESAR 2020 R&I pipeline 
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1.4 Acronyms and Terminology 

Acronym Description 

ANSPs Air Navigation Service Providers 

ATM Air Traffic Management 

ATC Air Traffic Control 

CA Consortium Agreement 

CHMI Collaboration human machine interface 

DST Decision Support Tool 

EA Exploitation Activity 

ER Exploitation Result 

EU European Union 

FMP Flow Management Position 

I Institutions 

IPR Intellectual Property Rights 

ICAO International Civil Aviation Organization 

IPA Industrial and Intellectual Property Agents 

GP General Public 

NDA Non-Disclosure Agreements  

RSC Research and scientific community 

SESAR Single European Sky ATM Research Programme 

SJU SESAR Joint Undertaking 

TRL Technology Readiness Level 

UGS Undergraduate and graduate students 

WP Work Package 

Table 1: Acronyms 

Acronym Description 

USE Universidad de Sevilla 

AEMET Agencia Estatal de Meteorología 

ACG Austro Control GmbH 

CCL Croatia Control Limited 

LiU Linköping University 

MetSol MeteoSolutions GmbH 

PLUS Paris-Lodron Universität Salzburg 
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UC3M Universidad Carlos III de Madrid 

ZFOT University of Zagreb 

Table 2: FMP-Met consortium acronyms 
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2 Goals by Target Audiences 

As Indicated in FMP-Met’s Communication Plan, FMP-Met results will be targeted to the following 
audiences: General public (GP); Undergraduate and graduate students (UGS); Research and scientific 
community (RSC).; Industrial and Intellectual Property Agents (IPA); Institutions (I).  

In regard of the exploitation of FMP-Met’s results, the focus will be mainly on:  

 The RSC: by delivering presentations and publishing posters and papers, FMP-Met partners 
intend to exploit the scientific libraries to be developed during the project (main exploitation 
thread of, e.g., USE, UC3M, LiU, ZFOT; see details in Section 3.1). The goal is to maximize the 
impact and usability of the FMP-Met’s scientific libraries, permitting derived work in the 
future. Some of these libraries will be delivered as open source (e.g., MITOS library under 
development by UC3M); some others will be protected following the knowledge management 
and protection strategy indicated in Section 3.3. 

 The IPA, including aviation stakeholders (see a list of potential interested stakeholders in Table 
11): by delivering presentations, preparing brochures, and providing demos on the capabilities 
of the products each partner will be developing during the project (main exploitation thread 
of, e.g., MetSol, AEMET, PLUS; see details in Section 3.1). In addition to it, to make them aware 
of the tool concept FMP-Met will develop as a consortium. Their involvement (during FMP-
Met for the discussion of the concept and the definition of requirements, yet in follow up 
activities acting as tractor entities) will be particularly important for the future (after FMP-Met 
project) prototyping and development of a human decision support tool based on the concept 
to be developed and assessed within FMP-Met. 

 The I (e.g., via brochures and presentations), to make visible FMP-Met results and, eventually, 
contribute to develop new standards or the allocation of fund within international and national 
programs where to follow up FMP-Met research activities. The TRL assessment report to be 
delivered at the end of the project will be key on this end to proof the maturity level of the 
project by mid and end of the project. 
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3 Exploitation Strategy 

A goal of the FMP-Met project is to ensure an effective exploitation of achieved results. In order to 
achieve that goal, we will implement an exploitation strategy that consists of:  

 the identification of particular exploitation interests of each of the partners;  

 the identification of a joint exploitation interests as a Consortium;  

 the implementation of those actions needed to protect certain results that could be 
considered strategic for further research and/or commercial uses;   

 the management of Intellectual Property Rights (IPR) to ensure the timely conduction of 
intended research activities. 

3.1 Specific exploitation interest of FMP-Met partners 

The first activity within the exploitation strategy has been to identify specific exploitation interests by 
the partners of the FMP-Met Consortium. 

The exploitation strategy for the FMP-Met project has 2 main threads: 

1. The 1st thread is through the exploitation of knowledge that will be gained during the course of the 
project to produce new products and services, e.g. MetSol (MET services), PLUS (simulation facilities), 
AEMET (new MET products), and ACG and CCL (new operational procedures). This can be considered 
as a direct commercialisation/industrialisation channel. 

2.  The 2nd thread is through the protection of certain research results that could be considered key for 
further research. This will be the primary thread for the academic institutions in FMP-Met (USE, UC3M, 
LiU, and ZFOT). Moreover, there will be significant spinoff advantages in terms of the direct and 
indirect involvement and skills development of MSc and PhD students in an area of key and increasing 
European interest, thus meeting the urgent commercial need for skilled specialists in this area, 
resulting in indirect exploitation. 

In order to identify more specific interests, we should look at the FMP-Met project structure and 
fundamental building blocks, where to find the expected outcomes.  
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3.1.1 FMP-Met structure 

Recall that the FMP-Met structure is divided into 6 technical blocks. See Figure 2 and  

 

Figure 2: FMP-Met structure 

Block Description 

Concept of operations Development of a concept for Flow Management in 
severe convective weather that uses probabilistic MET 
information considering different look-ahead times and 
different MET products 

MET info processing Provision and processing of MET forecasts products: 
EPSs and Nowcasts 

Trajectory prediction  Prediction of the trajectory for the next 1 hour, based 
on Nowcast information, and prediction from 1 hour 
onwards up to 8 hours, based on EPS information 
(convective risk, precipitation accumulation, etc.) 

Demand forecast Provision of probabilistic forecasts of sector-demand 
indicators that take into account convective weather  

Capacity forecast Quantification of the reduction of the available airspace 
capacity caused by convective weather 

Concept assessment Evaluation and assessment of the methodologies 
developed to forecast sector demand, sector 
complexity and sector capacity reduction under 
convective weather 

Table 3: Description of the building blocks of FMP-Met 

  



D8.3 EXPLOITATION PLAN  

 

  

 

 

 13 
 

 

 

3.1.2 FMP-Met specific exploitation interests 

Out of the project’s structure indicated in the previous section, we have identified specific results that 
can be exploited, either in the form of scientific libraries (e.g., MITOS library under development by 
UC3M), new products (e.g., AEMET’s experimental product) or software that is building on existing 
products (e.g., Ensemble DIVMET by METSOL). 

Partner USE 

Exploitable result ER1: Scientific library linked to Probabilistic Sector Demand forecasting 

WP & short 
description 

Linked to WP5 activities. The objective of this scientific library is 
the provision of probabilistic forecasts of sector-demand indicators 
that take into account convective weather which, alone or in combination 
with probabilistic capacity forecasts, could be useful for air traffic 
flow management; in particular, the provision of probabilistic forecasts 
of entry and occupancy counts for individual sectors and the provision 
of probabilistic forecasts of the congestion of ACC sector configurations. 

Main Interests  Know-how protection for future research projects with stakeholders 
and/or in competitive calls 

 Develop the expertise of postgraduate researcher(s), making them 
available for employment in the European aerospace industry at the 
end of the project.  

Table 4: USE’s specific exploitation interests  

Partner AEMET 

Exploitable result ER2: Thunderstorm Nowcasting Experimental product 

WP & short 
description 

Linked to WP3 activities. The experimental product (develop in Python 
libraries and presented in a visual interface) will produce a probabilistic 
forecast (ensemble) of convective weather for the next 1 hour using the 
STEPS technique. The product will include a characterisation of the 
individual cells, including their positions, extents, strengths, and cloud 
heights. The observational data come from meteorological radar 
reflectivity and satellite products. 

Main Interests  To be considered as an experimental product within AEMET service. It 
will provide knowledge that will help to other future AEMET 
developments in the medium-term. 

Table 5: AEMET’s specific exploitation interests 

Partner ACG and CCL 

Exploitable result ER3: Tool concept for a “Weather Dependent Probabilistic Flow 
Management”. 

WP & short 
description 

Linked to WP2 and WP7 (thus, involving the whole project). The concept 
in to be defined in WP2 (see Section 3.2 for a description) and to be 
assessed in WP7, once the scientific contributions of all the WPs and 
partners are gathered. 

Main Interests  As ANSPs, both ACG and CCL share the interest in fostering the future 
prototyping and developing of a human-decision support tool that 
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would incorporate the tool concept developed within FMP-Met. Note, 
that ER3 is, indeed, the main result of the consortium. 

Table 6: ACG and CCL’s specific exploitation interests 

Partner LiU and ZFOT 

Exploitable result ER4: Scientific library linked to Probabilistic Sector Capacity forecasting, 
including new complexity indicators. 

WP & short 
description 

Linked to WP6 activities (both LiU and ZFOT will jointly work in this 
activity). The general objective of this scientific library is twofold: 1) to 
provide methods for the analysis of sector complexity under convective 
weather (provision of probabilistic forecasts of complexity metrics), and 
2) to provide methods to forecast the reduction of airspace capacity 
under convective weather, taking into account the spatial extent and 
topology of the weather hazard and the traffic flow direction. 

Main Interests  Know-how protection for future research projects with stakeholders 
and/or in competitive calls 

 Results will be used in teaching ATM course within the Air Traffic and 
Logistics program at LiU 

Table 7: LiU and ZFOT’s specific exploitation interests 

Partner MetSol 

Exploitable result ER5: Ensemble DIVMET software 

WP & short 
description 

Linked to WP4 activities. A new functionality to MetSol’s commercial tool 
DIVMET. DIVMET is a storm avoidance tool owned by MetSol. Given a 
planned trajectory taken as a reference and a (deterministic) Nowcast as 
MET input, DIVMET obtains a route to the final destination that avoids 
the field of existing and forecasted storm cells. DIVMET is deterministic, 
i.e., it does not take into account uncertainty information. Ensemble 
DIVMET will incorporate uncertainty. 

Main Interests  Commercialisation of Ensemble DIVMET and part of DIVMET  

Table 8: MetSol’s specific exploitation interests 

Partner PLUS 

Exploitable result ER6: New features incorporated to NAVSIM simulator 

WP & short 
description 

Linked to WP7 activities. New features will be added to NAVSIM, an 
ATM/ATC/CNS simulator developed by Mobile Communications R&D 
Forschungs GmbH, Salzburg, in close co-operation with PLUS. This 
simulator has been used to simulate European air traffic based on specific 
reference days (around 32.000 flights within 24 hours). NAVSIM/USBGSim 
can be used as real-time simulator and as fast-time simulator. It allows 
accurate simulation (i.e. runway-to-runway or gate-to-gate) which is 
based on realistic worldwide air traffic extracted from Eurocontrol/NM 
data, worldwide flight scheduled data, or any user flight plan data. 

Main Interests  Know-how protection for future research projects with stakeholders 
and/or in competitive calls 
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 Develop the expertise of postgraduate researcher(s), making them 
available for employment in the European aerospace industry at the 
end of the project.  

Table 9: PLUS’s specific exploitation interests 

Partner UC3M 

Exploitable result ER7: MITOS library. 

WP & short 
description 

Linked to WP4 activities.  MITOS stands for “Meteorological Interpolation 
Toolbox for Optimization and Simulation”. The library is aimed at the 
processing of meteorological products in grib format, extracting its main 
features. It is also aimed at the post-processing of meteorological 
products, including time interpolation using optical flow. 

Main Interests  Open-Source publication of the libraries. 

 Exploitation in future research projects with stakeholders and/or in 
competitive calls 

 Develop the expertise of postgraduate researcher(s), making them 
available for employment in the European aerospace industry at the 
end of the project.  

Table 10: UC3M’s specific exploitation interests 

3.2 FMP-Met exploitation interest as a consortium 

The final output of the project, which will gather contributions from all partners and WPs, will be a tool 
concept for a “Weather Dependent Probabilistic Flow Management”. This has been termed as ER3 in 
Table 6.  

The Concept of Operations presented in D2.1 [3] describes the tool concept and how it is to be utilised. 
The tool concept aims at giving a concise airspace overview to raise awareness for possible imbalances 
in demand and capacity, if required additional details can be accessed to support decisions on 
measures to be taken. In addition, the possibility to test the impact of FMP measures can inform the 
decision maker on the cost and effectiveness before taking the measure. The tool concept has two 
main functions: airspace monitoring and FMP measures evaluation.  

The FMP-Met exploitation interest as a Consortium is to present this tool concept to interested 
stakeholders in different forums, discuss with them additional requirements, seeking to continuate (in 
future projects) with its prototyping and actual development. 

3.3 Knowledge management and protection 

The FMP-Met consortium will seek a fair equilibrium between disclosing information and products to 
the public and developing patents, in order to protect strategic ideas that might lead to future 
commercialisation. The dissemination activities shall be compatible with the exploitation strategy and 
with the protection of IPR of the institutions involved. For the publications derived during the Project 
activities, a clear and uniform standard will be adopted including authorship criteria for papers, 
obligations for co-authors, and disclosure policies considering IPRs.  



D8.3 EXPLOITATION PLAN  

 

  

 

 

 16 
 

 

 

Knowledge management - Open access provision 

While fully taking into account issues of potential exploitation and IPR ownership by project partners 
as governed by the Consortium Agreement (CA), the project aims at providing good general access to 
its research results. Balancing access with cost, the project will generally adopt a “green” model to 
open access for publications.  

Moreover, and perhaps of most significance, the project website will provide free, open and publicly 
searchable access to all the public deliverables, to technical reports, public data and results, to 
software tools, and also to all the other non-confidential documents that are generated in the course 
of the project. That is, in FMP-Met the self-archiving route is chosen.  

Furthermore, since a central aim of this consortium is to provide benefit to the European community, 
some of the project partners may be either using open source code in their deliverables or contributing 
their deliverables to the open source communities.  

Knowledge protection - IPR Management 

Knowledge protection will be compatible with the exploitation strategy described above. The IPR 
management strategy is described in detail in FMP-Met’s CA [4], signed by all the partners: establishing 
the detailed rules for background and foreground uses; listing any pre-existing background and 
knowhow; and including clauses related to ownership, the transfer, and the dissemination of project 
results (Section 8 in FMP-Met’s CA [4]).  

Throughout the execution of the project, all institutions will continuously contribute to the 
identification of project results that may qualify for IPR protection. It will secure the maximum 
protection of all rights of the Partners, making it compatible with the several dissemination activities 
planned within the FMP-Met Project. In case certain intellectual property is identified as essential for 
future business opportunities of the involved Partners, the necessary steps will be taken to protect it 
following the defined access rights (Section 9 in FMP-Met’s CA [4]) and the non-disclosure of 
information (Section 10 in FMP-Met’s CA [4]). Results jointly developed will be owned according to the 
rules established in the CA (Section 8.1 in FMP-Met’s CA [4]).  

3.4  Exploitation through software management 

An important aspect to consider for further exploitation of results is the development of scientific 
libraries that follow established procedures and standards. This will facilitate their future exploitation 
either as open-source libraries or as proprietary libraries. We devote Section 4 of this Deliverable to 
Software Management, including an example provided as Appendix. 
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4 Software Management 

Software development and maintenance are something intrinsic to FMP-Met activities. All the 
research activities to be conducted require software development (in the form of scientific libraries). 

4.1 Software life cycle 

The purpose of this section is to create a common schema for the overall software life cycle, which 
includes the following phases: 
 

• Requirements 
• Design 
• Implementation 
• Test 
• Operation and maintenance 

 
The software life cycle model is shown in Figure 3. This cycle is repeated after each release. 
 

 
Figure 3: Software development life cycle with incremental delivery approach 

4.1.1 The requirements phase 

The requirements phase has the following purposes: 
 

• to fully specify the functional and non-functional requirements of the proposed Software; i.e. 
to specify what services the software should provide and what functions it should perform, 
but without prescribing any implementation details, 
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• to specify both the problems and the constraints upon the solution in a rigorous form. 
 
The goal for this first phase of software development is to provide a complete, unambiguous, and 
understandable requirements document. This phase should minimize the risks of wrong software 
development, software release delays, and not testable requirements. 
 
The outputs for this phase would be: 
 

• User’s Requirements, 
• Verification of requirements and validation plan. 

 
For scientific libraries to be developed within the project, the requisites are derived from the overall 
concept of the project, including goals, assumptions, and hypotheses to be tested. 

4.1.2 The Design Phase 

The design phase is the technical key point of the software development; which translates 
requirements into a diagrammatic representation of the software that could be assessed for its quality 
before the coding actually begins. As with requirements, the design is documented and becomes a 
part of the software configuration baseline. The design of the architecture, components, interfaces 
and data are created, documented. Two types of technical activities are carried on: 
 

• Software specifications (will describe what the software does) 
• Software design (will describe how the software does it) 

 
Software Specifications: A detailed description defining the functions which are intended to be 
developed to cope with the requirements is provided. The major points of the software specification 
are the analysis of the functions and the definition of module interfaces, which results in software 
functional specifications and interface control documents. 
 
Software Design The objective of the software design is to define the software. Modules (classes, 
functions, etc.) and their interfaces. The module structure is specified down to the component level, 
defining the component to the point where implementation can begin. The output is the software 
design description. 

4.1.3 The Implementation Phase 

In this phase the software is created and tested on a module by module basis, and it includes:  
 

• Coding 
• Unit test and module integration 

 
Coding: During coding, the software detailed designs are transformed into code, which can be then 
compiled (in case it is needed) and debugged. The software user manual (documented in the code and 
automatically generated) is also developed. The source code is reviewed to ensure that it accurately 
implements the detailed design and it follows to the coding standard. The outputs are: 
 

• the debugged code (in the form of source, library, make files, etc), 
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• the software user manual. 

 
Unit test and module integration: The testing at unit level (class or function) is intended to prove the 
completeness and correctness of the developed module, covering both code and documentation. The 
code related to the unit test is included in the module itself.  The integration process is very complex 
and is made as a sequence of steps where one or more modules are inserted in an integration 
environment. The integration environment can be formed by real parts or by emulators depending on 
availability of the real system, on the possibility to emulate its behaviour and on the needs for tests. 
The integration of different modules continues up to complete involvement of the defined set of 
modules that are part of a release of the software. 

4.1.4 The Verification and Validation Test Phase 

The verification and validation of software requires that software is checked against its specifications. 
The goal is to reduce software errors to an acceptable level. Verification and validation also require 
that software products comply with standards, guidelines, user requirements, functional and system 
requirements.  Verification and Validation Plan. Part of this plan is carrying out an acceptance test that 
requires the active involvement of the end users. 
 
The outputs are: 
 

• Verification and Validation Test Report. 

4.2 Programming Environment and standards 

In the FMP-Met project, there are no particular recommendations concerning methodology to be used 
for analysis and design of the software, each partner is free to use its own programming environment 
and standards. However, the use of an object-oriented approach will be encouraged. 

4.2.1 Programming Environment 

The programming environments we will be using throughout the project are, depending on the 
partner: 
 

• Python (AEMET, UC3M, METSOL, LiU) 
• Java (MetSol) 
• Shell-Script (MetSol) 
• Matlab (USE, LiU) 

4.2.2 Programming Standards 

Software Programming Standards should be applied for the software development. The Software 
Programming Standards describe: 
 

• Programming Style. 
• Naming Conventions for subroutine, file, variable, etc. 
• Directory Structure, i.e. the minimum standard directory structure that each 
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development shall follow. 
• MAKEFILE Standard. 

 
All in all, using a software standard helps developers conform to common coding standard and at the 
same time avoid some 'silly' mistakes. 

 
The following standards will be used: 
 

• Python: PEP8 standard (or any update to be appear along the duration of the project). 

4.2.3 Software documentation plan 

The documents which will be produced during the Software life cycle can be grouped into the following 
categories 
 

• Requirement Documentation 
o User’s Requirements 

• Design Documentation 
o Software Functional Specification 
o Interface Control Documents 
o Software Design Description 

• Test Documentation 
o Software Verification and Validation Test Plan 
o Software Verification and Validation Test Report 

• User Documentation 
o Software User Manual 

• Management Documentation 
o Software Management Plan 

 

4.3 Example of Software Library: the MITOS Library 

MITOS stands for “Meteorological Interpolation Toolbox for Optimization and Simulation”. The library 
is aimed at the processing of meteorological products in grib format, extracting its main features. It is 
also aimed at the post-processing of meteorological products, including time interpolation using 
optical flow. The latter is needed in Task 4.1. The library is a work in progress for Task 4.1 and it is 
attached (in its current status) as an Appendix to this document. 
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5 Exploitation Activities 

In this Section we provide a list of exploitation activities envisioned within the FMP-Met project. We 
start by identifying key stakeholders and their engagement method. Then, we provide a list of intended 
activities. We devote specific sections to elaborate on three of them we consider relevant, namely: the 
FMP-Met workshop; the engage Research Challenge #3 on Meteorology and ATM; the participation in 
other industrial events such as the World ATM Congress, where FMP-Met partner PLUS has had a 
booth during the last edition, and we plan to showcase our results. 

5.1.1 Key stakeholders 

Table 11 presents the key stakeholders identified and the exploitation goals.  

Group Exploitation Goal 

Air Navigation Service 
Providers  

Raise awareness on the development of Weather Dependent Probabilistic Flow 
Management tool concept tailored for FMP management. Raise interest in 
actually starting to develop the tool (to higher TRL levels) upon finalization of 
the project. This would ensure that FMP-Met’s tool concept is channeled 
upwards in the R&I pipeline. 

ANSP association (e.g.  
COOPANS) 

Airspace Users  Raise awareness and interest of involvement of Airspace Users weather 
dependent flight planning. 

Meteorological agencies. Foster that development of new meteorological products. In particular, 
ensembles forecasting of thunderstorms. 

The Network Manager Raise awareness on development of Weather Dependent Probabilistic Flow 
Management decision support tool tailored for FMP management and 
potential scaling to network flow management 

SESAR JU Raise awareness on the development of Weather Dependent Probabilistic Flow 
Management decision support tool tailored for FMP management. Incorporate 
new solutions. Pass maturity gates and scale in the TRL pipeline to include 
future topics in ATM applied research and/or Industrial Research tracks. 

Linked Projects Find synergies with linked projects, in particular SESAR ER4 and IR projects. It 
could help in finding new ways and partnerships to channel up the solution to 
higher TRLs. 

Airports Raise awareness on development of Weather Dependent Probabilistic Flow 
Management decision support tool tailored for FMP management (which will 
be showcased for En-Route areas) and potential scaling to the Terminal 
Maneuvering Area of the airport. 

Research Centers and 
Universities 

Raise awareness on the development of new methods/Libraries for trajectory 
prediction, sector demand prediction, and sector capacity prediction. And, as a 
consequence, maximize the impact of the research and establish future 
collaborations. 
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Regulators (e.g., EASA, 
ICAO, EEA) 

Raise awareness on the development of Weather Dependent Probabilistic Flow 
Management decision support tool tailored for FMP management to establish 
new standards  

Table 11: Key stakeholders and goals 

5.1.2 List of FMP-Met activities towards exploitation 

The exploitation of FMP-Met results will be done by reaching specific target audiences (RSC, IPA, I) in 
different forums, typically linked to communication/dissemination activities. A detailed list of FMP-
Met intended exploitation activities, indicating its target audience, is given in Table 12. These activities 
pursue the engagement of the key stakeholders shown in Table 11 towards the exploitation of the 
achieved results.  

Activity Target 
Audienc

e 

Date Media 

EA1 Participation and presentation at scientific 
conferences, including SESAR innovation 
days. The exploitation activities will 
include: 

 Description of scientific libraries (e.g., 
ER1, ER4, ER7) in poster/papers 

 Demo of products (ER2, ER5, ER6) 

 Presentation of the tool concept (ER3) 

RSC, IPA T0+06 
(31/10/20) 

T0+18 
(31/10/21) 

T0+30 
(31/10/22) 

 Paper and posters (digital 
and in paper).  

 Broadcasting via web and 
social media. 

 Oral communication 

EA2 Organisation of a dedicated workshop to 
present the project’s results. This 
workshop will be organized at the end of 
the project. 

 The tool concept (ER3) will have a 
devoted talk followed by a discussing 
with stakeholders 

RSC, IPA, 
I 

T0+30 
(31/10/22) 

 Workshop organisation  

 Panel discussion 

 Oral communications 

 Digital proceedings 

 

EA3 Participation in Engage Workshops 
(specially, those related to meteorology 
and ATM). 

FMP-Met will prepare ah-hoc 
presentation to present and discuss the 
tool concept. 

RSC, IPA, 
I 

T0+09 
(25/01/21) 

T0+21 
(31/01/22) 

T0+30 
(31/10/22) 

 Panel discussion 

 Oral communications 

 

EA4 Social Media (Linked-In). The project team 
will use linked-in (media oriented to 
companies) to target specific stakeholders 
on the different ER (ER1, …, ER7)  

RSC, IPA T0+01 
(31/05/20) 

 Weekly updates via posts 

EA5 World ATM Congress IPA, I T0+10 
(01/03/21) 

T0+22 
(01/03/22) 

 Exhibition at PLUS booth 
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EA6 TRL assessment report. 

In this report, the maturity of the different 
ER (ER1, …, ER7) will be assessed. 

I T0+24  TRL maturity gate 
assessment 

Table 12. Exploitation activities 

In the period ranging Month 24 (where the technical activities will end) to Month 30, FMP-Met will be 
devoted to dissemination events (most of them linked with exploitation activities). Before Month 24, 
coinciding with the Final Review Meeting, we will be updating this Exploitation Plan in order to prepare 
a specific plan for those 6 months with the objective of maximizing the outreach during that period. 

5.1.3 Exploitation through the FMP-Met Workshop 

As a final step in the dissemination plan, the FMP-Met consortium will organize a workshop dedicated 
to the topic “Flow Management under Adverse Weather Conditions”. The aim of the workshop will 
be to bring together engineers, academicians, scientists, and stakeholders to discuss and share ideas 
about the recent results in the field of ATM under uncertain meteorological conditions, and especially 
about the management of the uncertainty present in adverse weather predictions for Flow 
Management Positions.  

This workshop will take place in Zagreb (Croatia) during the last six months of the project (around 
September 2022) and will be hosted by the University of Zagreb. The workshop will be open to the 
international community, having three major components:  

1. A dedicated session presenting an overview and the main outcomes of the FMP-Met project, 
with the important goal of showing the benefits of FMP-Met and our readiness for TRL1.  

2. Another technical session opened to participants which will include their invited 
communications. 

3. A panel discussion aiming at reviewing and summarizing the workshop ideas and discussing 
future steps.  

Bringing together researchers on this particular topic is of major interest in building a network to 
continue collaborating after the end of the project and building up consortiums for future follow-up 
projects (as the TBO-Met workshop has shown) and open industrial perspectives on applications. 

5.1.4 Exploitation through the participation in Engage Events 

FMP-Met will also participate in other workshops and forums related to the project; in particular, those 
organized by SESAR’s ENGAGE Knowledge Transfer Network, under the umbrella of the Thematic 
Challenge #3 “Efficient provision and use of meteorological information in ATM”. This forum has been 
shown as an important catalytic to foster new activities, including PhD grants, Catalytic Projects, 
and/or partnership for future endeavours. 

5.1.5 Exploitation through the participation in the World ATM Congress 

The participation in other industrial events such as the World ATM Congress, where FMP-Met partner 
PLUS has had a booth during the last edition, is another relevant exploitation activity. We plan to 
showcase the tool concept of FMP-Met’s. 
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7 Appendix – MITOS library 
 

See the MITOS library attached at the end of this document.  
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2 CONTENTS:



CHAPTER

ONE

METEOROLOGICAL INTERPOLATION TOOLBOX FOR
OPTIMIZATION AND SIMULATION

1.1 How to install dependencies

1.2 How to use it

1.3 How to compile documentation pdf

You can use the Makefile created by Sphinx to create your documentation. Locate yourself in the
documentation path.

First clean the _build directory to avoid error or legacy information. Just call:

make clean

In case you want to build your documentation in latex call twice:

make latexpdf

if you want to do build your in html call:

make html

Note that you should not see any error or warning, this information appears as red text in the terminal.
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4 Chapter 1. Meteorological Interpolation Toolbox for Optimization and Simulation



CHAPTER

TWO

LIBRARY SUMMARY

MITOS stands for METEOROLOGICAL INTERPOLATION TOOLBOX FOR OPTIMIZATION AND SIMU-
LATION. The library is aimed at the processing of meteorological products in grib format, extracting
its main features. It is also aimed at the post-processing of meteorological products, including time
interpolation using optical flow.
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CHAPTER

THREE

MITOS

3.1 Optical Flow

class optiflow.FarnebackFlow(**kwargs)
Optical flow calculator using the algorithm of Farneback (2003)

parameters [dict] arguments passed to the Farneback algorithm

class optiflow.MultiFrameInterpolant(frames, flow_calculator=None, spa-
tial_interp=None, t_axis=None, ini-
tial_flows=None)

Performs optical flow or linear interpolation between several consecutive, equally spaced frames

interpolants [List[TwoFrameInterpolant]] List of pairwise interpolants

eval_at_t(t)
t : Union[np.datetime64, np.timedelta64]

array_like Flow-interpolated array at timestamp t

class optiflow.NormalizedWrappedInterpolant(array, inter-
polant_generator=None)

2D interpolant with natural index coordinates

array: array_like 2D array to interpolate

i: array_like normalized coordinates along the first axis

j: array_like normalized coordinates along the second axis

interpolant: R2 -> R mapping wrapped interpolant

class optiflow.TwoFrameInterpolant(start_frame, end_frame,
flow_calculator=None, spa-
tial_interp=None, initial_flow=None)

Performs optical flow or linear interpolation between two consecutive frames

start_frame [2D array] Matrix representation of the variable at the start of the temporal interpo-
lation domain

end_frame [2D array] Matrix representation of the variable at the end of the temporal interpola-
tion

flow_calculator [(R2 x R2) -> R2 mapping] Callable that computes the optical flow between two
frames / arrays

spatial_interp: R2 -> (R2 -> R) Callable that generates a 2D interpolant of a frame array with
normalized coordinates

7
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flow: 2D array (R2) Optical flow between the start and end frames

class flow_tuning.TimeSelector(time, step)

_asdict()
Return a new dict which maps field names to their values.

classmethod _make(iterable)
Make a new TimeSelector object from a sequence or iterable

_replace(**kwds)
Return a new TimeSelector object replacing specified fields with new values

step
Alias for field number 1

time
Alias for field number 0

flow_tuning.add_steps_to_times_sources_targets(times_sources_targets,
steps_list=numpy.timedelta64(0,
'ns'))

Given a dict mapping (source step, source step) -> (target step), return a dict replacing step keys
and values with analogous TimeSelector values that also include time information.

times_sources_targets steps_list

flow_tuning.add_times_to_steps_sources_targets(steps_sources_targets,
dataset)

Given a dict mapping (source step, source step) -> (target step), return a dict replacing step keys
and values with analogous TimeSelector values that also include time information.

steps dataset

flow_tuning.evaluate_flow_on_dataset(flow_calc, dataset, variables,
sources_and_targets, array_norm=None,
aggregation_norm=None,
cut_evaluation_array=None, aggre-
gate=True)

flow_calc dataset : xarray.Dataset variables sources_and_targets array_norm aggregation_norm
cut_evaluation_array

flow_tuning.evaluate_flow_on_dataset_norms(flow_calc, dataset, vari-
ables, sources_and_targets,
array_norms=None, ag-
gregation_norm=None,
cut_evaluation_array=None,
aggregate=False)

flow_calc dataset : xarray.Dataset variables sources_and_targets array_norm aggregation_norm
cut_evaluation_array

flow_tuning.filter_dims(d, dims)
Returns d filtered so that only key-value pairs where the key is in dims are kept

flow_tuning.optimize_flow(parameter_space, flow_generator, dataset,
sources_and_targets, var_weights=None,
max_evals=100, cut_evaluation_array=None)

Optimizes the parameters of the algorithm for performance on the dataset

8 Chapter 3. MITOS
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parameter_space flow_generator dataset sources_and_targets var_weights max_evals
cut_evaluation_array

3.2 International Standard Atmosphere (ISA)

class isa.CasadiISA(deltaT=0)
Casadi implementation of the ISA atmosphere (troposphere and tropopause only)

deltaT [float] Temperature differential w.r.t. ISA conditions

3.3 Utilities

utils.get_bracketing_indexes(array, value)
Returns consecutive indexes idx_low and idx_high such that array[idx_low] <= value < ar-
ray[idx_high].

array [array_like] Array to search. Must be 1D and monotonically sorted in ascending order.
This condition is NOT checked here

value [Union[float, np.datetime64, np.timedelta64]] Value to bracket

tuple Indexes that fulfill the condition array[idx_low] <= value < array[idx_high].

3.4 Input/output

The io module provides the Python interfaces to stream handling. The builtin open function is defined
in this module.

At the top of the I/O hierarchy is the abstract base class IOBase. It defines the basic interface to a stream.
Note, however, that there is no separation between reading and writing to streams; implementations are
allowed to raise an OSError if they do not support a given operation.

Extending IOBase is RawIOBase which deals simply with the reading and writing of raw bytes to a
stream. FileIO subclasses RawIOBase to provide an interface to OS files.

BufferedIOBase deals with buffering on a raw byte stream (RawIOBase). Its subclasses, BufferedWriter,
BufferedReader, and BufferedRWPair buffer streams that are readable, writable, and both respectively.
BufferedRandom provides a buffered interface to random access streams. BytesIO is a simple stream of
in-memory bytes.

Another IOBase subclass, TextIOBase, deals with the encoding and decoding of streams into text. Tex-
tIOWrapper, which extends it, is a buffered text interface to a buffered raw stream (BufferedIOBase).
Finally, StringIO is an in-memory stream for text.

Argument names are not part of the specification, and only the arguments of open() are intended to be
used as keyword arguments.

data:

DEFAULT_BUFFER_SIZE

An int containing the default buffer size used by the module’s buffered I/O classes. open()
uses the file’s blksize (as obtained by os.stat) if possible.

3.2. International Standard Atmosphere (ISA) 9
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exception io.BlockingIOError
I/O operation would block.

class io.BufferedIOBase
Base class for buffered IO objects.

The main difference with RawIOBase is that the read() method supports omitting the size argu-
ment, and does not have a default implementation that defers to readinto().

In addition, read(), readinto() and write() may raise BlockingIOError if the underlying raw stream
is in non-blocking mode and not ready; unlike their raw counterparts, they will never return None.

A typical implementation should not inherit from a RawIOBase implementation, but wrap one.

class io.BufferedRWPair(reader, writer, buffer_size=8192, /)
A buffered reader and writer object together.

A buffered reader object and buffered writer object put together to form a sequential IO object
that can read and write. This is typically used with a socket or two-way pipe.

reader and writer are RawIOBase objects that are readable and writeable respectively. If the
buffer_size is omitted it defaults to DEFAULT_BUFFER_SIZE.

close()
Flush and close the IO object.

This method has no effect if the file is already closed.

flush()
Flush write buffers, if applicable.

This is not implemented for read-only and non-blocking streams.

isatty()
Return whether this is an ‘interactive’ stream.

Return False if it can’t be determined.

read()
Read and return up to n bytes.

If the argument is omitted, None, or negative, reads and returns all data until EOF.

If the argument is positive, and the underlying raw stream is not ‘interactive’, multiple raw
reads may be issued to satisfy the byte count (unless EOF is reached first). But for interactive
raw streams (as well as sockets and pipes), at most one raw read will be issued, and a short
result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

Returns None if the underlying raw stream was open in non-blocking mode and no data is
available at the moment.

read1()
Read and return up to n bytes, with at most one read() call to the underlying raw stream. A
short result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

readable()
Return whether object was opened for reading.

10 Chapter 3. MITOS
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If False, read() will raise OSError.

writable()
Return whether object was opened for writing.

If False, write() will raise OSError.

write()
Write the given buffer to the IO stream.

Returns the number of bytes written, which is always the length of b in bytes.

Raises BlockingIOError if the buffer is full and the underlying raw stream cannot accept
more data at the moment.

class io.BufferedRandom(raw, buffer_size=8192)
A buffered interface to random access streams.

The constructor creates a reader and writer for a seekable stream, raw, given in the first argument.
If the buffer_size is omitted it defaults to DEFAULT_BUFFER_SIZE.

close()
Flush and close the IO object.

This method has no effect if the file is already closed.

detach()
Disconnect this buffer from its underlying raw stream and return it.

After the raw stream has been detached, the buffer is in an unusable state.

fileno()
Returns underlying file descriptor if one exists.

OSError is raised if the IO object does not use a file descriptor.

flush()
Flush write buffers, if applicable.

This is not implemented for read-only and non-blocking streams.

isatty()
Return whether this is an ‘interactive’ stream.

Return False if it can’t be determined.

read(size=- 1, /)
Read and return up to n bytes.

If the argument is omitted, None, or negative, reads and returns all data until EOF.

If the argument is positive, and the underlying raw stream is not ‘interactive’, multiple raw
reads may be issued to satisfy the byte count (unless EOF is reached first). But for interactive
raw streams (as well as sockets and pipes), at most one raw read will be issued, and a short
result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

Returns None if the underlying raw stream was open in non-blocking mode and no data is
available at the moment.

3.4. Input/output 11
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read1(size=- 1, /)
Read and return up to n bytes, with at most one read() call to the underlying raw stream. A
short result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

readable()
Return whether object was opened for reading.

If False, read() will raise OSError.

readline(size=- 1, /)
Read and return a line from the stream.

If size is specified, at most size bytes will be read.

The line terminator is always b’n’ for binary files; for text files, the newlines argument to
open can be used to select the line terminator(s) recognized.

seek(target, whence=0, /)
Change stream position.

Change the stream position to the given byte offset. The offset is interpreted relative to the
position indicated by whence. Values for whence are:

• 0 – start of stream (the default); offset should be zero or positive

• 1 – current stream position; offset may be negative

• 2 – end of stream; offset is usually negative

Return the new absolute position.

seekable()
Return whether object supports random access.

If False, seek(), tell() and truncate() will raise OSError. This method may need to do a test
seek().

tell()
Return current stream position.

truncate(pos=None, /)
Truncate file to size bytes.

File pointer is left unchanged. Size defaults to the current IO position as reported by tell().
Returns the new size.

writable()
Return whether object was opened for writing.

If False, write() will raise OSError.

write(buffer, /)
Write the given buffer to the IO stream.

Returns the number of bytes written, which is always the length of b in bytes.

Raises BlockingIOError if the buffer is full and the underlying raw stream cannot accept
more data at the moment.

class io.BufferedReader(raw, buffer_size=8192)
Create a new buffered reader using the given readable raw IO object.
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close()
Flush and close the IO object.

This method has no effect if the file is already closed.

detach()
Disconnect this buffer from its underlying raw stream and return it.

After the raw stream has been detached, the buffer is in an unusable state.

fileno()
Returns underlying file descriptor if one exists.

OSError is raised if the IO object does not use a file descriptor.

flush()
Flush write buffers, if applicable.

This is not implemented for read-only and non-blocking streams.

isatty()
Return whether this is an ‘interactive’ stream.

Return False if it can’t be determined.

read(size=- 1, /)
Read and return up to n bytes.

If the argument is omitted, None, or negative, reads and returns all data until EOF.

If the argument is positive, and the underlying raw stream is not ‘interactive’, multiple raw
reads may be issued to satisfy the byte count (unless EOF is reached first). But for interactive
raw streams (as well as sockets and pipes), at most one raw read will be issued, and a short
result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

Returns None if the underlying raw stream was open in non-blocking mode and no data is
available at the moment.

read1(size=- 1, /)
Read and return up to n bytes, with at most one read() call to the underlying raw stream. A
short result does not imply that EOF is imminent.

Returns an empty bytes object on EOF.

readable()
Return whether object was opened for reading.

If False, read() will raise OSError.

readline(size=- 1, /)
Read and return a line from the stream.

If size is specified, at most size bytes will be read.

The line terminator is always b’n’ for binary files; for text files, the newlines argument to
open can be used to select the line terminator(s) recognized.

seek(target, whence=0, /)
Change stream position.

3.4. Input/output 13
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Change the stream position to the given byte offset. The offset is interpreted relative to the
position indicated by whence. Values for whence are:

• 0 – start of stream (the default); offset should be zero or positive

• 1 – current stream position; offset may be negative

• 2 – end of stream; offset is usually negative

Return the new absolute position.

seekable()
Return whether object supports random access.

If False, seek(), tell() and truncate() will raise OSError. This method may need to do a test
seek().

tell()
Return current stream position.

truncate(pos=None, /)
Truncate file to size bytes.

File pointer is left unchanged. Size defaults to the current IO position as reported by tell().
Returns the new size.

class io.BufferedWriter(raw, buffer_size=8192)
A buffer for a writeable sequential RawIO object.

The constructor creates a BufferedWriter for the given writeable raw stream. If the buffer_size is
not given, it defaults to DEFAULT_BUFFER_SIZE.

close()
Flush and close the IO object.

This method has no effect if the file is already closed.

detach()
Disconnect this buffer from its underlying raw stream and return it.

After the raw stream has been detached, the buffer is in an unusable state.

fileno()
Returns underlying file descriptor if one exists.

OSError is raised if the IO object does not use a file descriptor.

flush()
Flush write buffers, if applicable.

This is not implemented for read-only and non-blocking streams.

isatty()
Return whether this is an ‘interactive’ stream.

Return False if it can’t be determined.

seek(target, whence=0, /)
Change stream position.

Change the stream position to the given byte offset. The offset is interpreted relative to the
position indicated by whence. Values for whence are:
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• 0 – start of stream (the default); offset should be zero or positive

• 1 – current stream position; offset may be negative

• 2 – end of stream; offset is usually negative

Return the new absolute position.

seekable()
Return whether object supports random access.

If False, seek(), tell() and truncate() will raise OSError. This method may need to do a test
seek().

tell()
Return current stream position.

truncate(pos=None, /)
Truncate file to size bytes.

File pointer is left unchanged. Size defaults to the current IO position as reported by tell().
Returns the new size.

writable()
Return whether object was opened for writing.

If False, write() will raise OSError.

write(buffer, /)
Write the given buffer to the IO stream.

Returns the number of bytes written, which is always the length of b in bytes.

Raises BlockingIOError if the buffer is full and the underlying raw stream cannot accept
more data at the moment.

class io.BytesIO(initial_bytes=b'')
Buffered I/O implementation using an in-memory bytes buffer.

close()
Disable all I/O operations.

closed
True if the file is closed.

flush()
Does nothing.

getbuffer()
Get a read-write view over the contents of the BytesIO object.

getvalue()
Retrieve the entire contents of the BytesIO object.

isatty()
Always returns False.

BytesIO objects are not connected to a TTY-like device.

read(size=- 1, /)
Read at most size bytes, returned as a bytes object.
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If the size argument is negative, read until EOF is reached. Return an empty bytes object at
EOF.

read1(size=- 1, /)
Read at most size bytes, returned as a bytes object.

If the size argument is negative or omitted, read until EOF is reached. Return an empty bytes
object at EOF.

readable()
Returns True if the IO object can be read.

readinto(buffer, /)
Read bytes into buffer.

Returns number of bytes read (0 for EOF), or None if the object is set not to block and has
no data to read.

readline(size=- 1, /)
Next line from the file, as a bytes object.

Retain newline. A non-negative size argument limits the maximum number of bytes to return
(an incomplete line may be returned then). Return an empty bytes object at EOF.

readlines(size=None, /)
List of bytes objects, each a line from the file.

Call readline() repeatedly and return a list of the lines so read. The optional size argument,
if given, is an approximate bound on the total number of bytes in the lines returned.

seek(pos, whence=0, /)
Change stream position.

Seek to byte offset pos relative to position indicated by whence: 0 Start of stream (the
default). pos should be >= 0; 1 Current position - pos may be negative; 2 End of stream
- pos usually negative.

Returns the new absolute position.

seekable()
Returns True if the IO object can be seeked.

tell()
Current file position, an integer.

truncate(size=None, /)
Truncate the file to at most size bytes.

Size defaults to the current file position, as returned by tell(). The current file position is
unchanged. Returns the new size.

writable()
Returns True if the IO object can be written.

write(b, /)
Write bytes to file.

Return the number of bytes written.

writelines(lines, /)
Write lines to the file.
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Note that newlines are not added. lines can be any iterable object producing bytes-like
objects. This is equivalent to calling write() for each element.

class io.FileIO(file, mode='r', closefd=True, opener=None)
Open a file.

The mode can be ‘r’ (default), ‘w’, ‘x’ or ‘a’ for reading, writing, exclusive creation or appending.
The file will be created if it doesn’t exist when opened for writing or appending; it will be truncated
when opened for writing. A FileExistsError will be raised if it already exists when opened for
creating. Opening a file for creating implies writing so this mode behaves in a similar way to
‘w’.Add a ‘+’ to the mode to allow simultaneous reading and writing. A custom opener can be
used by passing a callable as opener. The underlying file descriptor for the file object is then
obtained by calling opener with (name, flags). opener must return an open file descriptor (passing
os.open as opener results in functionality similar to passing None).

close()
Close the file.

A closed file cannot be used for further I/O operations. close() may be called more than once
without error.

closed
True if the file is closed

closefd
True if the file descriptor will be closed by close().

fileno()
Return the underlying file descriptor (an integer).

isatty()
True if the file is connected to a TTY device.

mode
String giving the file mode

read(size=- 1, /)
Read at most size bytes, returned as bytes.

Only makes one system call, so less data may be returned than requested. In non-blocking
mode, returns None if no data is available. Return an empty bytes object at EOF.

readable()
True if file was opened in a read mode.

readall()
Read all data from the file, returned as bytes.

In non-blocking mode, returns as much as is immediately available, or None if no data is
available. Return an empty bytes object at EOF.

readinto(buffer, /)
Same as RawIOBase.readinto().

seek(pos, whence=0, /)
Move to new file position and return the file position.

Argument offset is a byte count. Optional argument whence defaults to SEEK_SET or 0
(offset from start of file, offset should be >= 0); other values are SEEK_CUR or 1 (move
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relative to current position, positive or negative), and SEEK_END or 2 (move relative to end
of file, usually negative, although many platforms allow seeking beyond the end of a file).

Note that not all file objects are seekable.

seekable()
True if file supports random-access.

tell()
Current file position.

Can raise OSError for non seekable files.

truncate(size=None, /)
Truncate the file to at most size bytes and return the truncated size.

Size defaults to the current file position, as returned by tell(). The current file position is
changed to the value of size.

writable()
True if file was opened in a write mode.

write(b, /)
Write buffer b to file, return number of bytes written.

Only makes one system call, so not all of the data may be written. The number of bytes
actually written is returned. In non-blocking mode, returns None if the write would block.

class io.IOBase
The abstract base class for all I/O classes, acting on streams of bytes. There is no public construc-
tor.

This class provides dummy implementations for many methods that derived classes can override
selectively; the default implementations represent a file that cannot be read, written or seeked.

Even though IOBase does not declare read, readinto, or write because their signatures will vary,
implementations and clients should consider those methods part of the interface. Also, implemen-
tations may raise UnsupportedOperation when operations they do not support are called.

The basic type used for binary data read from or written to a file is bytes. Other bytes-like objects
are accepted as method arguments too. In some cases (such as readinto), a writable object is
required. Text I/O classes work with str data.

Note that calling any method (except additional calls to close(), which are ignored) on a closed
stream should raise a ValueError.

IOBase (and its subclasses) support the iterator protocol, meaning that an IOBase object can be
iterated over yielding the lines in a stream.

IOBase also supports the with statement. In this example, fp is closed after the suite of the with
statement is complete:

with open(‘spam.txt’, ‘r’) as fp: fp.write(‘Spam and eggs!’)

class io.RawIOBase
Base class for raw binary I/O.

class io.StringIO(initial_value='', newline='\n')
Text I/O implementation using an in-memory buffer.
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The initial_value argument sets the value of object. The newline argument is like the one of
TextIOWrapper’s constructor.

close()
Close the IO object.

Attempting any further operation after the object is closed will raise a ValueError.

This method has no effect if the file is already closed.

getvalue()
Retrieve the entire contents of the object.

newlines

read(size=- 1, /)
Read at most size characters, returned as a string.

If the argument is negative or omitted, read until EOF is reached. Return an empty string at
EOF.

readable()
Returns True if the IO object can be read.

readline(size=- 1, /)
Read until newline or EOF.

Returns an empty string if EOF is hit immediately.

seek(pos, whence=0, /)
Change stream position.

Seek to character offset pos relative to position indicated by whence: 0 Start of stream
(the default). pos should be >= 0; 1 Current position - pos must be 0; 2 End of stream -
pos must be 0.

Returns the new absolute position.

seekable()
Returns True if the IO object can be seeked.

tell()
Tell the current file position.

truncate(pos=None, /)
Truncate size to pos.

The pos argument defaults to the current file position, as returned by tell(). The current file
position is unchanged. Returns the new absolute position.

writable()
Returns True if the IO object can be written.

write(s, /)
Write string to file.

Returns the number of characters written, which is always equal to the length of the string.

class io.TextIOBase
Base class for text I/O.

3.4. Input/output 19



MITOS Documentation, Release 1.0.0

This class provides a character and line based interface to stream I/O. There is no readinto method
because Python’s character strings are immutable. There is no public constructor.

class io.TextIOWrapper(buffer, encoding=None, errors=None, newline=None,
line_buffering=False, write_through=False)

Character and line based layer over a BufferedIOBase object, buffer.

encoding gives the name of the encoding that the stream will be decoded or encoded with. It
defaults to locale.getpreferredencoding(False).

errors determines the strictness of encoding and decoding (see help(codecs.Codec) or the docu-
mentation for codecs.register) and defaults to “strict”.

newline controls how line endings are handled. It can be None, ‘’, ‘n’, ‘r’, and ‘rn’. It works as
follows:

• On input, if newline is None, universal newlines mode is enabled. Lines in the input can end
in ‘n’, ‘r’, or ‘rn’, and these are translated into ‘n’ before being returned to the caller. If it is
‘’, universal newline mode is enabled, but line endings are returned to the caller untranslated.
If it has any of the other legal values, input lines are only terminated by the given string, and
the line ending is returned to the caller untranslated.

• On output, if newline is None, any ‘n’ characters written are translated to the system default
line separator, os.linesep. If newline is ‘’ or ‘n’, no translation takes place. If newline is any
of the other legal values, any ‘n’ characters written are translated to the given string.

If line_buffering is True, a call to flush is implied when a call to write contains a newline character.

close()
Flush and close the IO object.

This method has no effect if the file is already closed.

detach()
Separate the underlying buffer from the TextIOBase and return it.

After the underlying buffer has been detached, the TextIO is in an unusable state.

encoding

errors

fileno()
Returns underlying file descriptor if one exists.

OSError is raised if the IO object does not use a file descriptor.

flush()
Flush write buffers, if applicable.

This is not implemented for read-only and non-blocking streams.

isatty()
Return whether this is an ‘interactive’ stream.

Return False if it can’t be determined.

newlines

read(size=- 1, /)
Read at most n characters from stream.
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Read from underlying buffer until we have n characters or we hit EOF. If n is negative or
omitted, read until EOF.

readable()
Return whether object was opened for reading.

If False, read() will raise OSError.

readline(size=- 1, /)
Read until newline or EOF.

Returns an empty string if EOF is hit immediately.

reconfigure(*, encoding=None, errors=None, newline=None, line_buffering=None,
write_through=None)

Reconfigure the text stream with new parameters.

This also does an implicit stream flush.

seek(cookie, whence=0, /)
Change stream position.

Change the stream position to the given byte offset. The offset is interpreted relative to the
position indicated by whence. Values for whence are:

• 0 – start of stream (the default); offset should be zero or positive

• 1 – current stream position; offset may be negative

• 2 – end of stream; offset is usually negative

Return the new absolute position.

seekable()
Return whether object supports random access.

If False, seek(), tell() and truncate() will raise OSError. This method may need to do a test
seek().

tell()
Return current stream position.

truncate(pos=None, /)
Truncate file to size bytes.

File pointer is left unchanged. Size defaults to the current IO position as reported by tell().
Returns the new size.

writable()
Return whether object was opened for writing.

If False, write() will raise OSError.

write(text, /)
Write string to stream. Returns the number of characters written (which is always equal to
the length of the string).

exception io.UnsupportedOperation

io.open(file, mode='r', buffering=- 1, encoding=None, errors=None, newline=None,
closefd=True, opener=None)

Open file and return a stream. Raise OSError upon failure.
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file is either a text or byte string giving the name (and the path if the file isn’t in the current
working directory) of the file to be opened or an integer file descriptor of the file to be wrapped.
(If a file descriptor is given, it is closed when the returned I/O object is closed, unless closefd is
set to False.)

mode is an optional string that specifies the mode in which the file is opened. It defaults to ‘r’
which means open for reading in text mode. Other common values are ‘w’ for writing (truncating
the file if it already exists), ‘x’ for creating and writing to a new file, and ‘a’ for appending (which
on some Unix systems, means that all writes append to the end of the file regardless of the current
seek position). In text mode, if encoding is not specified the encoding used is platform dependent:
locale.getpreferredencoding(False) is called to get the current locale encoding. (For reading and
writing raw bytes use binary mode and leave encoding unspecified.) The available modes are:

Character Meaning
‘r’ open for reading (default)
‘w’ open for writing, truncating the file first
‘x’ create a new file and open it for writing
‘a’ open for writing, appending to the end of the file if it exists
‘b’ binary mode
‘t’ text mode (default)
‘+’ open a disk file for updating (reading and writing)
‘U’ universal newline mode (deprecated)

The default mode is ‘rt’ (open for reading text). For binary random access, the mode ‘w+b’ opens
and truncates the file to 0 bytes, while ‘r+b’ opens the file without truncation. The ‘x’ mode
implies ‘w’ and raises an FileExistsError if the file already exists.

Python distinguishes between files opened in binary and text modes, even when the underlying
operating system doesn’t. Files opened in binary mode (appending ‘b’ to the mode argument)
return contents as bytes objects without any decoding. In text mode (the default, or when ‘t’ is
appended to the mode argument), the contents of the file are returned as strings, the bytes having
been first decoded using a platform-dependent encoding or using the specified encoding if given.

‘U’ mode is deprecated and will raise an exception in future versions of Python. It has no effect
in Python 3. Use newline to control universal newlines mode.

buffering is an optional integer used to set the buffering policy. Pass 0 to switch buffering off (only
allowed in binary mode), 1 to select line buffering (only usable in text mode), and an integer > 1
to indicate the size of a fixed-size chunk buffer. When no buffering argument is given, the default
buffering policy works as follows:

• Binary files are buffered in fixed-size chunks; the size of the buffer is chosen using a
heuristic trying to determine the underlying device’s “block size” and falling back on
io.DEFAULT_BUFFER_SIZE. On many systems, the buffer will typically be 4096 or 8192
bytes long.

• “Interactive” text files (files for which isatty() returns True) use line buffering. Other text
files use the policy described above for binary files.

encoding is the name of the encoding used to decode or encode the file. This should only be used
in text mode. The default encoding is platform dependent, but any encoding supported by Python
can be passed. See the codecs module for the list of supported encodings.

errors is an optional string that specifies how encoding errors are to be handled—this argument
should not be used in binary mode. Pass ‘strict’ to raise a ValueError exception if there is an
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encoding error (the default of None has the same effect), or pass ‘ignore’ to ignore errors. (Note
that ignoring encoding errors can lead to data loss.) See the documentation for codecs.register or
run ‘help(codecs.Codec)’ for a list of the permitted encoding error strings.

newline controls how universal newlines works (it only applies to text mode). It can be None, ‘’,
‘n’, ‘r’, and ‘rn’. It works as follows:

• On input, if newline is None, universal newlines mode is enabled. Lines in the input can end
in ‘n’, ‘r’, or ‘rn’, and these are translated into ‘n’ before being returned to the caller. If it is
‘’, universal newline mode is enabled, but line endings are returned to the caller untranslated.
If it has any of the other legal values, input lines are only terminated by the given string, and
the line ending is returned to the caller untranslated.

• On output, if newline is None, any ‘n’ characters written are translated to the system default
line separator, os.linesep. If newline is ‘’ or ‘n’, no translation takes place. If newline is any
of the other legal values, any ‘n’ characters written are translated to the given string.

If closefd is False, the underlying file descriptor will be kept open when the file is closed. This
does not work when a file name is given and must be True in that case.

A custom opener can be used by passing a callable as opener. The underlying file descriptor for
the file object is then obtained by calling opener with (file, flags). opener must return an open file
descriptor (passing os.open as opener results in functionality similar to passing None).

open() returns a file object whose type depends on the mode, and through which the standard file
operations such as reading and writing are performed. When open() is used to open a file in a
text mode (‘w’, ‘r’, ‘wt’, ‘rt’, etc.), it returns a TextIOWrapper. When used to open a file in a
binary mode, the returned class varies: in read binary mode, it returns a BufferedReader; in write
binary and append binary modes, it returns a BufferedWriter, and in read/write mode, it returns a
BufferedRandom.

It is also possible to use a string or bytearray as a file for both reading and writing. For strings
StringIO can be used like a file opened in a text mode, and for bytes a BytesIO can be used like a
file opened in a binary mode.

io.open_code(path)
Opens the provided file with the intent to import the contents.

This may perform extra validation beyond open(), but is otherwise interchangeable with calling
open(path, ‘rb’).

3.5 Constants
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