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Figure 1: The MISSION project

In doing so, it will exploit advances in computing sciencewith respect tomodel-based quantitative analysis, especially
quantitative model checking techniques, to arrive at, implement, and empirically validate a careful development
process revolving around the idea of re-usable parametric component models that we callMOTS, Models off-the-Shelf.
The development of MOTS will be the pivotal element connecting the space industry needs with the algorithmic
models from the academic sector. MOTS will frame the ground-breaking nature of the MISSION project, into
convenient black-boxes that can be used to drive and support accurate decision making by space companies. The
corresponding COTS will be represented in MOTS in such a way that abstract properties regarding their dependable
operation, interaction and interoperability can be derived and studied. Also, the effect of the composition and
interconnection of COTS interconnection into subsystems, spacecraft and networked space-terrestrial systems
will be supported by MOTS as envisioned by the end of the project. MOTS, together with efficient technology to
establish system-level properties, can become a key to not only assessing system-level dependability, but also to
operationalising their dependable in-orbit management.
We expect MOTS-based dependability operationalisation to become a great fit in a spectrum dealing with (1)
energy- and resource-constrained satellites, (2) resilience and reliability demanding satellite systems, (3) satellite
links and networks, and all done in (4) an integrated and validated approach. If the hypothesis holds true, then the
outcomes of this project will empower the new space community with practical tools supported by proven theory
to study, analyse, design, develop, deploy, and maintain new space missions. Furthermore, this technical dimension
will be enlaced with knowledge transfer and training activities that are meant to (i) ground the MISSION research
in the needs of the industry, (ii) expose the latter to the research state-of-the-art, and (iii) harvest the findings in
new space missions and future joint activities.

The consortium The objectives of MISSION will be tackled by a strong and highly interdisciplinary consortium
composed of world-leading academic research groups and industrial partners who jointly aim to foster a shared
culture of research and innovation. The structure of the consortium is depicted in Fig. 1. The industrial partners bring
in their expertise regarding the current satellite technology, and convey with the academic partners – who contribute
their excellent scientific background on computational methods and software tools – to foster a deep exchange of
knowledge. The innovative element of a model-based framework will contribute to the development and operation
of satellite networks in the new space domain, with clear opportunities for subsequent commercial exploitation.
On the research side, European institutions with proven high-profile research on the computational side of the space
domain include prominent teams at RWTH, UT and USAAR, all of which are distinguished by ERC Grants. These
partners bring unique experience on model-based algorithmics and their application to solve space problems. In
particular, USAAR contributes proven expertise in battery modelling for LEO satellites including in-orbit validation;
RWTH has pioneered model-based dependability evaluation developed in a long-standing cooperation with ESA,
and UT provides profound expertise regarding orbital and on-ground risk management as well as model-based
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Figure 2: MISSION work packages overview

software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.

WP
No.

WP
Title

Activity
Type

Person-
months

Lead
Beneficiary

Start
Month

End
Month

1 Energy and Resources Research 75 USAAR M1 M45
2 Reliability and Resilience Research 95 RWTH M1 M42
3 Links and Networks Research 76 D3TN M1 M44
4 Integration and Validation Research 74 UT M1 M48

5 Knowledge Sharing
and Dissemination

Training, Communi-
cation, Dissemination 11 USAAR M1 M48

6 Management Management 12 UT M1 M48

Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with
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software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.

WP
No.
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Title

Activity
Type
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months

Lead
Beneficiary

Start
Month

End
Month

1 Energy and Resources Research 75 USAAR M1 M45
2 Reliability and Resilience Research 95 RWTH M1 M42
3 Links and Networks Research 76 D3TN M1 M44
4 Integration and Validation Research 74 UT M1 M48

5 Knowledge Sharing
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Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with
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software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.

WP
No.
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Title

Activity
Type

Person-
months

Lead
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Start
Month

End
Month

1 Energy and Resources Research 75 USAAR M1 M45
2 Reliability and Resilience Research 95 RWTH M1 M42
3 Links and Networks Research 76 D3TN M1 M44
4 Integration and Validation Research 74 UT M1 M48

5 Knowledge Sharing
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Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with

Part B – Page 6 of 49

1. Extensions of fault trees with repairs 

2. Scalable safety and reliability analysis 
techniques 

3. Techniques to cope with rare events 

4. Automated synthesis techniques



MISSION

Strictly dependant of 
spacecraft components

Reliability and Resilience

WP2

Limited use of  model-
based tools

Integration and Validation

WP4

Only space-to-ground 
communications

Links and Networks

WP3

Fixed from mission 
design phase

Energy and Resources

WP1

Balance of components and 
constellation configuration

Models-off-the-Shelf 
(MOTS)

Inter-satellite and 
network protocols

Dynamically allocated 
during operations

Figure 2: MISSION work packages overview

software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.

WP
No.

WP
Title

Activity
Type

Person-
months

Lead
Beneficiary

Start
Month

End
Month

1 Energy and Resources Research 75 USAAR M1 M45
2 Reliability and Resilience Research 95 RWTH M1 M42
3 Links and Networks Research 76 D3TN M1 M44
4 Integration and Validation Research 74 UT M1 M48

5 Knowledge Sharing
and Dissemination

Training, Communi-
cation, Dissemination 11 USAAR M1 M48

6 Management Management 12 UT M1 M48

Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with
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software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.

WP
No.

WP
Title

Activity
Type

Person-
months

Lead
Beneficiary

Start
Month

End
Month

1 Energy and Resources Research 75 USAAR M1 M45
2 Reliability and Resilience Research 95 RWTH M1 M42
3 Links and Networks Research 76 D3TN M1 M44
4 Integration and Validation Research 74 UT M1 M48

5 Knowledge Sharing
and Dissemination

Training, Communi-
cation, Dissemination 11 USAAR M1 M48
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Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with
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software tools. IISG from China adds deep scientific knowledge on probabilistic verification and advanced model
learning techniques readily applicable to a diverse set of specific questions in the space context. Furthermore, UNC
and UNRC participate from Argentina contributing with fault-tolerant modelling and a highly valuable background
in interfacing with the space industry.
On the industry side, a distinguished set of well-established companies of the traditional space sector such as INVAP
and Ascentio, both from Argentina, contribute to MISSION the complete knowledge of design, development and
operation of successful missions of large and complex LEO satellites (e.g., SAC-D, 2011, and SAOCOM 1A and 1B
in 2019 and 2020) as well as geostationary satellites (e.g., ARSAT 1 and 2, in 2014 and 2015). These companies
will ensure the outcomes of MISSION actually meet the most demanding expectations from the industry. The
Luxembourg division of GomSpace, currently operating the novel GOMX-4 networked CubeSat mission is also
part of the team. GomSpace is the world-leader of CubeSat components and subsystem manufacturer, bringing
a unique grounding to the modern approach of the new space. Together with GomSpace and Ascentio, Skyloom
(Argentina) and D3TN (Germany) complete the SME spectrum of the consortium, both developing high-risk and
high-gain future networked space missions architectures.
In light of the interdisciplinary nature—and the topical and geographical diversity of the partner institutions—as
well as the many complex facets of the problem domain to be tackled by MISSION, the success of the planned
knowledge transfer and research progress depends crucially on the possibility of seconding staff from one partner
to the other for substantial periods of time.
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Structure of Work The MISSION objective will be achieved by tackling the aforementioned axis, namely (1)
energy and resources, (2) reliability and resilience, (3) links and networks, and (4) integration and validation. These
research dimensions materialise into work packages WP1, 2, 3, and 4, respectively. In particular, WP1 will center
on resources, tackling mainly the power aspects and delivering accurate mechanisms to predict and act upon the
battery status of the orbiting constellation by providing timely schedules composed of feasible payload tasks. WP2
will focus on the development of techniques and tools for reliability and resilience assurance to support the design
and operation of distributed space systems on which resilience will be ensured on a system level. Data transfer via
hop-to-hop and multi-hop paths will be studied in WP3, which will render models for error detection and recovery
protocols as well as routing strategies for space-terrestrial networks. The obtained models will be driven, framed
and then integrated into the Models off-the-Shelf, MOTS, library, which will also be validated on ground and in
space, if possible, in WP4. The intermediate and resulting outcomes of WP1-4 will be captured by tasks in WP5 with
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Partner Interaction
+ Fostering Career
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��5HVHDUFKHUV�QHHG�QRW�EH�QDPHG��EXW�VKRXOG�EH�XQLTXH��DQG�QHHG�WR�LQGLFDWH�WKHLU�W\SH��(65� �LQ�WKH�ILUVW�IRXU�\HDUV�VLQFH�WKHLU�0DVWHU
V�GHJUHH�DQG�QRW�KDYLQJ�D�3K�'���65� �DOO�RWKHUV��
��6WDII�FDQQRW�EH�IXQGHG�E\�PXOWLSOH�06&$�DFWLRQV��L�H��D�3K�'��VWXGHQW�IXQGHG�E\�DQ�,71�SURMHFW�FDQQRW�EH�VHFRQGHG�LQ�D�5,6(�SURMHFW�
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MISSION Perspectives Gathering (M3) 

MISSION Momentum Gathering (M14) 

MISSION Sustainment Gathering (M32) 

MISSION Space Workshop (M22) 

MISSION Formal Methods Workshop (M40) 

MISSION Dissemination Event (M46) 

Río Cuarto Summer School on CS (M14) 

The Summer School on Formal Methods (M32) 

On-site training seminars 

Virtual training seminars

Gatherings 

Workshops 

Research Schools 

Training Seminars
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+ Dissemination



Partner Interaction
+ Fostering Career

7KLV�WDEOH�VKRZV�WKH�SODQQHG�VHFRQGPHQWV��'R�QRW�HGLW�

2ULJLQ 'HVWLQDWLRQ )LUVW�+DOI 6HFRQG�+DOI 5HOHYDQFH�WR�WKH�3URMHFW ���� ���� ���� ���� ���� ����
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3HUVSHFWLYHV�*DWKHULQJ ;�>�@
0RPHQWXP�*DWKHULQJ���6FKRRO ;�>�@
6XVWDLQPHQW�*DWKHULQJ���6FKRRO ;�>�@

:RUNVKRS��6SDFH� ;�>��@;
:RUNVKRS��)RUPDO�0HWKRGV� ;�>��@
'LVVHPLQDWLRQ�(YHQW��6SDFH� ;�>��@;

:3� (QHUJ\�DQG�5HVRXUFHV
:3� 5HOLDELOLW\�DQG�5HVLOLHQFH
:3� /LQNV�DQG�1HWZRUNV
:3� ,QWHJUDWLRQ�DQG�9DOLGDWLRQ
:3� .QRZOHGJH�6KDULQJ�DQG�'LVVHPLQDWLRQ
:3� 0DQDJHPHQW
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MISSION Momentum Gathering (M14) 

MISSION Sustainment Gathering (M32) 

MISSION Space Workshop (M22) 

MISSION Formal Methods Workshop (M40) 

MISSION Dissemination Event (M46) 

Río Cuarto Summer School on CS (M14) 

The Summer School on Formal Methods (M32) 

On-site training seminars 

Virtual training seminars

Gatherings 
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Also: 
Publications 

Web site 
Social networks
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