
TALLINNA TEHNIKAÜLIKOOL

TALLINN UNIVERSITY OF TECHNOLOGY

TALLINN 2020

DOCTORAL THESIS

Towards a Convivial Built 
Environment: Developing an 
Open Construction Systems 
Framework

Christina Priavolou

 



 

TALLINN UNIVERSITY OF TECHNOLOGY 
DOCTORAL THESIS 

2/2021 

Towards a Convivial Built Environment: 
Developing an Open Construction Systems 

Framework 

CHRISTINA  PRIAVOLOU 

 

 

 

 

 

 

 



TALLINN UNIVERSITY OF TECHNOLOGY 
School of Business and Governance 
Ragnar Nurkse Department of Innovation and Governance 
This dissertation was accepted for the defence of the degree on 10/11/2020 

Supervisor: Prof. Dr. Vasileios Kostakis 
School of Business and Governance 
Tallinn University of Technology, Estonia 

Co-supervisor: Dr. Vasileios Niaros 
Internet Interdisciplinary Institute (IN3) 
Universitat Oberta de Catalunya, Spain 

Opponents: Prof. Dr. Alysia Garmulewicz 
Facultad de Administración y Economía 
Universidad de Santiago de Chile, Chile 
& 
Institute for Science, Innovation and Society (InSIS), 
the CABDyN Complexity Centre 
University of Oxford, UK 

Dr. Cindy Kohtala 
Department of Design 
Aalto University School of Arts, Design and 
Architecture, Finland 

Defence of the thesis: 13/01/2021, Tallinn 

Declaration: 
Hereby I declare that this doctoral thesis, my original investigation and achievement, 
submitted for the doctoral degree at Tallinn University of Technology has not been submitted 
for doctoral or equivalent academic degree. 

Christina Priavolou 

signature 

Copyright: Christina Priavolou, 2020 
ISSN 2585-6898 (publication) 
ISBN 978-9949-83-647-5 (publication) 
ISSN 2585-6901 (PDF) 
ISBN 978-9949-83-648-2 (PDF) 
Printed by Koopia Niini & Rauam



TALLINNA TEHNIKAÜLIKOOL 
DOKTORITÖÖ 

2/2021 

Ehituses inimmõõtmelisusele üleminemine: 
avatud ehituse süsteemi raamistik 

CHRISTINA  PRIAVOLOU 



 



5 

Contents 
List of Publications 6 

Author’s Contribution to the Publications 7 

Abbreviations 8 

Introduction 9 

1. Moving Towards a Convivial Built Environment 11 

1.1. Sustainability in Conventional Construction Practices 11 

1.2. Conviviality as an Enabler for Sustainability 12 

1.2.1. The Concept of Conviviality and Links to Sustainability 12 

1.2.2. The Matrix of Convivial Technology 14 

1.3. Vernacular Structures as a Learning Source for Convivial Construction Practices 15 

2. Methodological Approach 17 

3. Open Construction Systems as a Convivial Paradigm in the Built Environment 20 

3.1. Designing Globally: Open Design and Parametric Design Tools 20 

3.2. Manufacturing Locally: Local Manufacturing Technologies 21 

3.3. The Emergence of the “Design Global, Manufacture Local” Model 22 

3.4. Open Construction Systems 23 

4. Three Interlocked Elements for Conviviality in the Built Environment 26 

4.1. Modularity 27 

4.2. Sharing 28 

4.3. Adaptability 30 

5. Conclusions and Proposals for Future Research 32 

References 34 

Acknowledgements 41 

Abstract 42 

Resümee 43 

Appendix 45 

Curriculum vitae 115 

Elulookirjeldus 116 

 

 



6 

List of Publications 
The list of author’s publications, on the basis of which the thesis has been prepared: 

I Pantazis, A., & Priavolou, C. (2017). 3D printing as a means of learning and 
communication: The 3Ducation project revisited. Telematics and Informatics, 34(8), 
1465–1476. ETIS 1.1. 

II Priavolou, C. (2018). The emergence of open construction systems: A sustainable 
paradigm in the construction sector? Journal of Futures Studies, 23(2), 67–84.  
ETIS 1.1. 

III Priavolou, C., & Niaros, V. (2019). Assessing the openness and conviviality of open 
source technology: The case of the WikiHouse. Sustainability, 11(17), 4746. ETIS 1.1. 

IV Priavolou, C. (2020). To BIM or not to BIM? Lessons learned from a Greek vernacular 
museum building. AIMS Environmental Science, 7(2), 192–207. ETIS 1.1.



7 

Author’s Contribution to the Publications 
The author’s contribution to the papers in this thesis is: 

I The author dealt with the investigation of the learning and communication potential 
of 3D printing through a participatory action research project. The author contributed 
to the following processes: designing the study, structuring the questionnaire, 
performing the analysis, and composing the manuscript. 

II The author explored the challenges and opportunities of Open Construction Systems 
(OCS) with regard to technological, institutional, and social perspectives. The findings 
are intended to trigger discussions around sustainability in buildings and delineate 
the concept of OCS as a promising solution to sustainable building construction. 

III The author performed in-situ investigations, including data gathering, field 
observations, and participation in the construction of a WikiHouse. The authors 
analyse the relationship between the concepts of openness and conviviality with the 
“Design Global, Manufacture Local” model. The author’s contribution lies in 
conducting the field work, as well as in writing the manuscript. 

IV The author implemented Building Information Modelling (BIM) technology for the 
architectural design and the energy analysis of a vernacular museum building.  
The aim was to critically assess the potential of BIM technology to grasp and analyse 
building information.



 
8 

 

Abbreviations 
 
BIM Building Information Modelling 
CNC Computer Numerically Controlled 
DGML Design Global, Manufacture Local 
ICT Information Communication Technologies 
LCA Life Cycle Assessment 
MCT Matrix of Convivial Technology 
OBS Open Building Systems 
OCS Open Construction Systems 
3D 3 dimensional 
2D 2 dimensional 
 
Explanations of abbreviations used in the thesis. 
 
 
 
 

  



 
9 

Introduction 
I have spent most of my life in a mountainous region in north-western Greece. I strongly 
recall narrations by individuals who were striving to build their own houses with scarce 
resources being helped by family members and fellow residents, as my grandparents 
were. Observation and improvisation were key features that fostered these groups to 
build resilient structures. 

During my university studies as a civil engineer, I realised how unsustainable current 
building production methods are. This view intensified when I started practising my 
occupation. At that time, I was sceptical about the notion of large companies’ activities 
dominating construction activities, leaving little room for the involvement of end users 
in the construction process. Further, having used design software consistently 
throughout my Bachelor studies, I grasped the importance of technological design tools 
in monitoring and enhancing building performance. 

I thus turned my attention to sustainable construction methods. In this direction,  
after completing my Masters degree in environmental studies, I decided to explore  
open-source software and experiment with open hardware. Through my interaction  
with like-minded individuals, I came across a novel model of collaborative production 
that utilises two key elements: technological tools and vernacular knowledge1. Such a 
convergence is made possible through the Design Global, Manufacture Local (DGML) 
model. 

The theoretical position of this thesis lies at the intersection of social science and 
engineering. Its impetus has arisen from the need for sustainable construction practices 
emerging from the housing crisis (Timmer et al., 2019). The focus is placed on 
investigating the manifestation of the DGML model in the construction sector. In this 
regard, I use the term “open construction systems” (OCS) to describe a set of connected 
things and devices that operate together in designing globally and manufacturing locally 
buildings. These things and devices include the equipment, information resources, legal 
frameworks, and community practices required to enable the production of buildings 
based on the DGML model. Hence, apart from the building itself, emphasis is placed on 
the ecosystem around the building structure.  

Although the DGML model presents an inherent capability to foster sustainability, 
limited scientific research has been conducted to assess its sustainability potential 
(Kohtala, 2015; Kostakis et al., 2016). The main objective of this thesis is to provide a 
preliminary evidence-informed understanding of the conviviality2 dynamics of OCS.  
The links between conviviality and sustainability are discussed, as well as the need to 
leap into conviviality in order to enable self-managed communities to materialise their 
vision of producing built-environment structures in an autonomous and human-centred 
way. 

The ultimate research question addressed in this thesis is: How could OCS provide a 
convivial alternative to the conventional construction approach? Some secondary 
research questions follow: 

                                                                 
1 Knowledge that comes from shared understandings of natural occurrences happening in local 

settings. 
2 An intrinsic ethical value that correlates with “individual freedom realised in personal 

interdependence” (Illich, 1973, 24). 
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- What conviviality traits can be traced in OCS? 
- What is the learning and communication potential of producing DGML artefacts 

for the built environment? (I) 
- What are the emerging challenges and opportunities of OCS? (II; III) 
- How convivial and open are OCS? (III) 
- What are the strengths and weaknesses of using BIM technology for the design 

and analysis of vernacular structures3? (IV). 
The thesis builds on four original articles. The development of the concept of OCS is 

the main theoretical contribution of this thesis, as well as the exploration of its 
conviviality potential as exemplified in its current seed form (II). OCS were studied from 
multiple perspectives, ranging from their educational and openness dynamics (I; III) to 
their technological and institutional potential (II; IV), while both quantitative (III) and 
qualitative approaches (II; III) were employed. These studies indicate how OCS are being 
formed and what are their strengths and challenges towards fostering conviviality in the 
construction process through distributed modes of transdisciplinary co-production. 

The results of my research were approbated via scientific publications, conference 
presentations, workshop presentations, and PhD seminars. The publications I contributed 
to are related to Information and Communication Technologies (ICT), sustainability, 
environmental science, and future studies. All of them were peer-reviewed articles 
published in international journals. 

The remaining part of the thesis is structured as follows. I discuss sustainability-related 
issues in the construction sector, stressing the need for alternative construction practices 
and introducing conviviality as the basis for meaningful transdisciplinary practices in the 
construction sector. I elaborate on the Matrix of Convivial Technology as a normative 
schema used to assess social, environmental, and economic elements associated with 
the production of technologies. I then present vernacular structures as an enlightening 
source for convivial construction practices. Next, the methodological approach followed 
is analysed and the DGML model is explained with emphasis placed on OCS as a 
manifestation of the DGML model in the construction sector. Finally, I explain how three 
core elements observed in the development of OCS enhance the conviviality potential of 
OCS. The thesis culminates in a summary of the conclusions.  

                                                                 
3 Structures that utilise local materials and knowledge, usually constructed without the 

supervision of professional architects. 
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1. Moving Towards a Convivial Built Environment 

1.1. Sustainability in Conventional Construction Practices 
So far in the public discourse, there is a wide range of sustainability conceptualisations. 
The concept of sustainability was first introduced in forest management in 1713 to 
indicate a harvesting practice that can be maintained for generations, considering the 
natural regeneration of forests (Kuhlman & Farrington, 2010). The concept was 
subsequently used to raise environmental awareness at a global level (Meadows, 1972). 
Sustainable development has been ambiguously defined as a “development that meets 
the needs of the present without compromising the ability of future generations to meet 
their own needs” (Brundtland, 1987; Purvis et al., 2019). Today, a mixture of 
environmental, social, and economic elements coexist in the concept of sustainability 
(Carter & Rogers, 2008; Zabihi et al., 2012). These elements are known as the three pillars 
of sustainability (Purvis et al., 2019). 

The importance of enhancing environmental sustainability in the construction sector 
is indicated by the high impact of this sector on the environment. The construction of 
building structures accounts for 39% of global carbon emissions (Abergel et al., 2017; 
Rode et al., 2011). Most of the emissions arise from operational processes, while around 
11% of them come from the embodied energy in construction processes and materials. 
Further, huge amounts of natural resources are used in building constructions. 
Indicatively, 50% of global water resources is consumed by building construction while 
60% of global materials resources are used for buildings and roads (Dixon Group, 2010). 
Considering the contribution of the construction sector to carbon emissions, the role of 
technological design tools is viewed as crucial to improve energy analysis processes and 
enhance critical design decisions (Cho et al., 2011). 

Moreover, the latest eruption of the housing bubble in 2006 has revealed the need 
for affordable housing (Hansen, 2013; Holt, 2009). Among its socio-economic 
implications, the consequent scarcity of housing through increasing land and house 
prices is evident, leading to increased homelessness and low and middle-income 
individuals without adequate housing (Kothari, 2005; De la Paz & Juárez, 2012; Parvin, 
2013). The economic efficiency of the construction sector within the conventional 
production model is hindered by low productivity rates, which in turn affect the prices of 
buildings (Abdel-Wahab & Vogl, 2011). Additionally, the quality of the built structures is 
usually disregarded in pursuit of maximising economic gains (Du Plessis, 2002). 

Social sustainability is considered to be the most significant target of sustainable 
development in the construction sector (Yılmaz & Bakış, 2015). It focuses on securing the 
basic human right to adequate housing (Hui, 2002; Sachar, 1993). In the conventional 
production model, our increasing reliance on large construction companies to produce 
buildings has favoured the establishment of a producer-consumer relationship that 
restricts the engagement of individuals in the construction process, infringing on the 
human right to housing (Larson et al., 2004; Parvin, 2013). Further, high rates of gender 
discrimination and corruption, as well as labour-intensive and monotonous activities 
have been observed in contemporary construction practices (Du Plessis, 2002). 

The abovementioned analysis indicates the detrimental effects of conventional 
construction practices on the three pillars of sustainability (i.e. environmental, economic, 
and social elements). Despite the identification of these issues, construction practices 
have barely changed during the last six decades (Marshall & Worthing, 2006; McKinsey 
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Global Institute, 2017; Eastman et al., 2011). Resistance to change existing practices, lack 
of government incentives, and high costs of adopting new technologies and methods are 
some of the reasons to blame for slow changes in construction practices. On the contrary, 
instead of seeking to address burning sustainability-related issues within the construction 
sector, architects direct attention to the wrong side. 

More specifically, the international homogenisation of the built environment 
nowadays has mainly resulted from the diffusion of ideas and practices through the rise 
of large-scale urban development projects, cultural globalisation, market liberalisation, 
and migration (Guggenheim & Söderström, 2010). Such homogenisation is related to the 
provision of fully standardised built structures offered to end users without leaving any 
room for their participation in the construction process. To address that, architectural 
practices have been steered towards the production of highly recognisable built 
structures with the aim to create a distinctive and consistent brand image, even if this 
means imposing alien and non-customised buildings on individuals (Knox & Pain, 2010; 
Salingaros, 2006). 

The need to implement sustainable practices in building construction has only recently 
attracted attention (Heywood, 2019; Wong & Fan, 2013). For instance, such practices 
have been exemplified by the combined use of local resources, traditional architectural 
techniques, and local manufacturing technologies (e.g., CNC milling machines), which 
have been applied to produce digitally fabricated houses4 through citizen participation 
in the construction process. Although sustainable practices usually present shared 
values, such as the focus on resource efficiency, social cohesion, and the adoption of 
cost-effective methods that meet human needs (Lee, 2008), there is not yet an 
established regulatory framework for sustainable construction. According to recent 
literature, a shared vision on sustainable construction can be achieved through 
collaborative efforts by supply chain stakeholders across the stages of construction 
(Solaimani & Sedighi, 2019). In this context, the concept of conviviality is introduced in 
this thesis to serve as the basis for meaningful sustainability practices in the construction 
sector. 

1.2. Conviviality as an Enabler for Sustainability 
1.2.1. The Concept of Conviviality and Links to Sustainability 
Echoing Illich (1973, 24), conviviality can be described as an intrinsic ethical value that 
correlates with “individual freedom realised in personal interdependence”. Conviviality 
calls for individual autonomy so that communities can create artefacts to satisfy 
customised needs by utilising collective human intelligence (Illich & Verne, 1976).  
It inaugurates a system that departs from that of conventional industrial production by 
focusing on social good and mutual giving. 

“Survival, justice and self-defined work” are basic ideals of conviviality (Illich, 1973, 
26), which initially appeared in order to summarise key values included within 
sustainable development (Krüger, 2019). The social pillar of sustainability relates to 
human wellbeing and includes a large list of issues associated with education, social 
inclusion, health, safety, housing, employment and more (Dempsey et al., 2011). 
Conviviality highlights the importance of dealing with these issues with a focus on human 
interdependence and friendship, which is intrinsically connected to happiness and 

                                                                 
4https://www.designboom.com/architecture/vuild-completes-first-digitally-fabricated-house-

mountainous-village-japan-05-12-2020/ 
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human fulfilment (McEvoy, 2003). According to recent literature (Carrigan et al., 2020), 
boosting conviviality and reciprocity in society can lead to a more sustainable sharing 
economy with pronounced environmental, economic, and social benefits (Gaziulusoy  
et al., 2013). 

Instead of focusing on challenging current consumer practices, the emphasis of 
conviviality is on questioning the logic of consuming by endorsing the idea of “live with 
less”, as advocated by the degrowth movement (Schneider et al., 2010; Kallis, 2011).  
The idea is to prioritise the assimilation of conviviality features in daily life instead of 
merely enhancing efficiency and optimising performance to achieve sustainability (Meng 
et al., 2018). Besides, the use of energy-efficient systems does not necessarily mean that 
less consumption takes place if consumption patterns remain unchanged (Dahmus & 
Gutowski, 2011). 

Conviviality can be observed in plenty of temporal and spatial contexts, where groups 
of individuals intentionally organise themselves democratically and envision a common 
future with an eye to common humanity and the environment (Adloff, 2014). During this 
process, individuals share their contributions, exchange ideas, and engage in amicable 
communications with the aim to mitigate inequalities for the sake of common sociality. 
Further, conviviality offers insights in terms of personal identification, fostering the  
self-development of individuals (Alwall, 2012) and the utilisation of individual capabilities 
to form autonomous communities. 

Putting the concept of conviviality into practice, convivial technologies are designed 
in such a way that users can learn about the technology, tinker with it, and modify it 
according to their needs, without the necessity of relying on specialists (Deriu, 2015). 
Thus, convivial technologies present increased levels of conviviality during their entire 
lifecycle, i.e., the design, manufacturing, use, and maintenance phase (MacKenzie & 
Wajcman, 1985; Giotitsas, 2019). The bicycle can be considered highly convivial since it 
is a technology relatively easy to comprehend, repair, adjust, and modify according to 
the user’s preferences (Bradley, 2018). Individuals can transport themselves 
autonomously and economically, while spare parts can be reused in the production of 
new bikes. Although it is generally easier to tinker with and grasp low-tech artefacts like 
bicycles, more sophisticated technologies, such as buildings, may also be convivial 
(Bradley, 2018; Mies et al., 2018). 

Convivial technologies are decentralised, reversible, and democratically controllable 
(Muraca & Neuber, 2017). Decentralisation takes place through the implementation of 
small-scale production units that create distributed supply chains by using local 
resources (Kohtala, 2015; Johansson et al., 2005). Reversibility is enhanced when the 
“black box” behind the development process of products opens up to the public, enabling 
the inclusion of users in all construction stages of artefacts (Lizarralde & Tyl, 2017).  
For instance, the integration of open-source practices into technological development 
can enhance the reversibility of produced technologies, since the transparency of 
information is facilitated. By keeping technologies under democratic control, people can 
produce technologies on demand to cover their own needs instead of being manipulated 
by technocratic elites. Granting equal access to the means of production enables the 
general public to self-learn in a joyful and collaborative manner (Illich, 1973). 

To enhance the decentralised production, reversibility, and democratic control of 
convivial technologies, the empowerment of local actors is vital. Given the difficulty of 
grasping and tinkering with complex technologies like buildings, people with technical 
and specialised skills might be needed to participate in the development process of 
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technologies to ensure the increased quality of the produced technologies. Following the 
conviviality paradigm, the knowledge used by experts should be simplified and shared 
with other individuals to boost the socially responsible production of technologies.  
The focus should be on reinforcing individual skills and encouraging social inclusion and 
accountability with the aim of fostering the collective actions of self-managed communities 
(Strauss & Fuad-Luke, 2008). Finally, to avoid safety compromises, the degree to which 
the users of a DGML product feel in control of the technology and knowledge necessary 
for its use and manipulation needs to be studied thoroughly. 

1.2.2. The Matrix of Convivial Technology 
The variety of social, economic, and environmental contexts allows for a wide spectrum 
of sustainability conceptualisations based on local specificities and individual viewpoints 
(Sala et al., 2013). Consequently, the analysis of sustainability becomes complicated, 
necessitating transdisciplinarity and systems thinking (Brown et al., 2010). In that sense, 
the concept of conviviality is essential in order to broaden our understanding of the 
complexity entailed in systems and social relations (Rzepnikowska, 2020). 

Contemporary tools for assessing the lifecycle sustainability impact of products, such 
as environmental Life Cycle Assessment (LCA) and Life Cycle Sustainability Assessment 
methods, tend to focus on a specific pillar of sustainability (i.e. environmental,  
social, economic). Thus, scant room is left for the investigation of interrelations  
among the pillars, or contextual components, such as political or spatial factors,  
that may be affected by the development of technological artefacts (Wulf et al., 2019; 
Sala, 2020). 

Especially in building construction, sustainability assessments through LCA methods 
are hampered by the complexity of buildings and lack of data and expertise in the field 
(Gervásio et al., 2014; Khasreen et al., 2009). To this end, the need to implement 
interdisciplinary approaches when assessing sustainability has been highlighted  
(Sala et al., 2013; II). Such approaches should utilise scientific and non-scientific data to 
facilitate knowledge exchange and bridge the gap among diverse stakeholders  
(Sala et al., 2013; Wiek and Binder, 2005). The ultimate goal is to create strong links with 
the social context and enable citizens’ participation in relevant processes. 

The Matrix of Convivial Technology (MCT) is an empirical tool developed to provide 
an accessible and comprehensive means of measuring the degree of creativity, 
autonomy, and decentralisation in community-based production practices (Vetter, 2018; 
III). The significance of this matrix is associated with current concerns for sustainability, 
which necessitate the evaluation of the social, economic, and ecological impact of 
technologies during their lifecycle. Elements connected to the impact of technology  
on human relations (relatedness), the adaptability of technology to local contexts 
(adaptability), accessibility to technological means (access), the bio-interaction of 
technology with the environment (bio-interaction), and the appropriateness of  
socio-ecological benefits of technology in relation to its socio-ecological impact 
(appropriateness) are the basic levels of conviviality examined in this matrix.  
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Figure 1: Dimensions and levels of the MCT. Adapted by: 
https://www.andrereichel.de/2019/05/20/artificial-intelligence-convivial-technology/. 

The MCT incorporates social, environmental, and economic elements, allowing for a 
comprehensive assessment of various factors. For instance, the bio-interaction and 
appropriateness levels include environmental elements and interrelations among 
humans and the environment (e.g., biodegradability and improvement of soil/water); 
economic factors can be found in the access and adaptability levels (e.g., cost of materials 
and economic scale); while the relatedness level mainly focuses on social aspects (e.g., 
trust and creativity). 

The MCT can provide a useful tool for designers and engineers to integrate conviviality 
practices into the design process of technological artefacts. It empowers the general 
public to participate in technological development processes and adapt the matrix 
properly so that certain conviviality elements can be examined on a case-by-case basis 
(Popplow & Dobler, 2015). The result may be a reduction of corresponding ecological 
footprints, increased engagement of users in relevant processes, and more accessible 
production practices. 

1.3. Vernacular Structures as a Learning Source for Convivial 
Construction Practices 
The reconciliation of environmental, social, and economic demands in the construction 
process is essential for sustainable construction. As a first step, an in-depth consideration 
of all the building elements is required. More specifically, each building element 
(e.g., beam, window, floor) needs to be considered along with its function within the 
natural environment. Buildings should thus be designed to symbiotically connect and 
respond to the local, regional, and global environmental context (Frazer, 1995). 

Vernacular structures exemplify how the reconciliation of natural elements and 
building components is possible. These structures are made of construction materials, 
such as stone, wood, mud, and straw, that come from the near environment and undergo 
minimal processing. When it comes to buildings, natural resources (such as the soil, sun, 
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vegetation, and wind) are used to fulfil to some extent the energy demands for cooling, 
heating, and lighting. Thus, harmonious interactions between the building, climate,  
and natural environment can be fostered, following the principles of bioclimatic design 
(Nguyen et al., 2019). Bioclimatic principles facilitate energy savings, economic efficiency, 
environmental gains, and the improvement of indoor living conditions. 

The development of vernacular practices is region-specific since these practices are 
defined by local elements like customs, religions, climate, and topography (Salman, 
2018). However, despite local variations, vernacular practices share common principles 
(Walid & Omar, 2014). For instance, one could mention the utilisation of natural 
specificities (such as raw materials and energy sources) and the accrued knowledge of 
communities. This knowledge is empirically gained from observations of the natural 
environment, helping communities to build structures intuitively and locally (González, 
2015; Gruen, 2017). 

Considering the empirical acquisition of knowledge, the construction of vernacular 
structures does not necessitate the skills of professional architects and engineers. These 
structures are built by individuals or communities that experiment with construction 
materials and techniques in local contexts (Oliver, 1997). Interpretations of the 
vernacular knowledge accumulated through such experimentations have contributed to 
advancements of the contemporary engineered knowledge around sustainable 
construction practices. 

Contemporary community-based construction activities often rely on vernacular 
principles in terms of using local material resources, prioritising environmental 
sustainability, and embracing community-based construction practices. For example, 
Earthship structures5 are “off-the-grid-ready” houses that regulate indoor conditions via 
natural cross-ventilation, produce energy through solar panels and wind turbines, and 
harvest rain, condensation, and snow from the roofs. Hence, they reduce their reliance 
on public utilities and fossil fuels, boosting their conviviality dynamics. 

Human coexistence and interdependence are key pillars upon which conviviality lies. 
Shared and habitualised practices and moralities play a significant role for enhancing 
conviviality (Adloff, 2014). In that sense, conviviality cannot be neglected when it comes 
to the vernacular commons (Putra, 2015). The construction of vernacular structures 
relies on intrinsically convivial construction principles, considering the use of local 
resources to meet economic and natural limitations, as well as collaborative construction 
processes that promote the establishment of reciprocal relationships and solidarity.  
This raises challenging questions that have acted as a trigger for my PhD research:  
How could vernacular structures evolve in tandem with current technological regimes to 
provide local responses to the global need for sustainability? How could OCS provide  
a solution towards that direction? 

 

  

                                                                 
5 https://en.wikipedia.org/wiki/Earthship 
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2. Methodological Approach
In the absence of thoroughly investigated convivial approaches to building construction, 
this thesis uses a mixed methodological approach to investigate various aspects of OCS 
as a promising path towards convivial construction practices. Both quantitative and 
qualitative research methods are used (Fernández-Muñiz et al., 2009; 2012). Qualitative 
methods include semi-structured questionnaires (II, III), interviews (III, IV), tools such as 
the MCT (III), and in-situ observations of relevant practices (I, III, IV). Quantitative 
methods include structured questionnaires (I), software applications (IV), and tools such 
as the openOmeter (III). Finally, the gathering of empirical data was required to draw 
trustworthy qualitative and quantitative conclusions, while participatory approaches 
were implemented to allow for contributions to the understanding of relevant issues 
within the contextual setting (Reilly, 2010). 

The thesis focuses on the European region, mainly due to time restrictions, financial 
limitations and ongoing activities on open-source housing taking place in the European 
context at the time of my research. Given that each project is defined by political, 
economic, and social specificities, the cases of this thesis were selected to provide an 
in-depth examination of the issues under study. However, investigating similar initiatives 
in different socio-economic contexts, such as in non-western countries, could provide 
further insights into the phenomena studied. For instance, additional conviviality 
features codified in OCS could be identified to enrich the findings of this thesis.  

First, I experimented with the manufacturing of open hardware projects in the built 
environment. The emphasis was placed on the learning process followed to develop a 3D 
printed bridge model with a group of students (I). The aim was to understand how DGML 
projects are developed and communicated, as well as to consolidate the way 3D printing 
technology is perceived. Thus, a participatory action research project was implemented 
to illuminate the learning and communication potential of producing a DGML artefact for 
the built environment, i.e. a bridge model. This research highlighted the potential of 
3D printing technology to motivate learning and electrify meaningful communication 
among people with and without visual impairments. Through this educational project, 
the conviviality potential of 3D printing technology surfaced. 

Figure 2: Snapshots from Article I 

After gaining this knowledge, I attempted to outline the concept of OCS as a 
manifestation of the DGML model in buildings (II). In this context, Article II is a 
desk-research paper that offers a synthetic overview of OCS. In particular, I explored 
challenges and opportunities entailed in the development of OCS through the 
multi-layered study of three selected cases of OCS. It was concluded that the 
implementation of OCS calls for changes in current practices, the scale of conventional 
processes, and the role of various stakeholders involved in the construction process. 
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Figure 3: Snapshots from Article II 

To put theory into practice, I performed field work and in-situ observations to analyse 
a prominent case of OCS, i.e., the WikiHouse ecosystem. By incorporating the critical 
theory of technology through the concepts of conviviality and openness, my goal was to 
assess relevant aspects of the WikiHouse (III). Based on Article III, it is argued that the 
conviviality and openness entailed in OCS are complex and context-specific factors. 
More specifically, there is a spectrum of degrees of conviviality and openness entailed in 
the development of technological artefacts and, thus, characterising an artefact as 
convivial or open cannot be a binary decision. Further, assessing the conviviality potential 
of complex artefacts ends up being subjective, since, for example, the level of the 
participants’ expertise and skills is crucial (III). 

Figure 4: Snapshots from Article III 
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The design stage of buildings should be carefully considered, given its dynamics to 
improve building performance (Cho et al., 2011). In Article IV, field work and software 
applications were used for the architectural design and energy analysis of a vernacular 
building structure. Given that the technical capabilities of BIM as an engineering analysis 
tool have been extensively discussed in the literature (Aouad et al., 2012; Diaz, 2016), 
the aim of this article was to expand the focus of Building Information Modelling (BIM) 
applications by exploring the social dynamics of BIM and its potential contribution to 
vernacular design towards sustainability. Accurate energy analysis and safety were the 
most important advantages realised through BIM. Contrastingly, the inability to capture 
tacit knowledge embodied in vernacular structures and the lack of adaptability towards 
contextual specificities were the main weaknesses of BIM technology (IV). 

Figure 5: Snapshots from Article IV 

All publications are based on different bodies of theoretical and analytical 
frameworks, from political ecology and engineering studies to critical technology theory 
and social science. Theoretical diversity, combined with qualitative and quantitative data 
from case studies, has allowed for the integration of a broad spectrum of perspectives 
that delineate the contours of an alternative production model in the construction 
sector. In this way, the thesis strives to provide a framework that enables engineers and 
social scientists to visualise a common path towards human welfare. 
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3. Open Construction Systems as a Convivial Paradigm in the 
Built Environment 
Considering that social sustainability has been pursued as the most crucial aspect in 
sustainable construction (Kothari, 2005; Parvin, 2013), the necessity to foster conviviality 
in built-environment activities is more relevant than ever. Despite regional variations, 
issues discussed previously, including environmental concerns, social exclusion, and 
labour-intensive activities, are common to all contexts. Therefore, the delivery of 
affordable and convivial built structures remains on the research and development 
agenda. 

The development of a convivial paradigm in the construction sector should 
incorporate vernacular principles (e.g., the use of construction materials of the 
immediate environment) but also adhere to the contemporary context. To this end,  
the Internet can provide an effective and inexpensive means for the sharing of 
construction-related data, such as building regulations and information on construction 
techniques and materials.  

In a convivial setting, the improvement of the living conditions and the quality of life 
of individuals should be prioritised by boosting the overall sustainability of humanity. 
However, pursuing a path to conviviality is not easy. There is an evident need to 
transform existing production and consumption models, as highlighted by the degrowth 
movement (Schneider et al., 2010; Kallis, 2011). 

In this chapter, I explore an emerging production model in the construction sector 
through the concept of OCS as a possible convivial paradigm in the construction  
sector. Given the difficulty of exploring the whole spectrum of construction projects in 
the built environment, the focus is placed on building construction. Nevertheless,  
the analysis can be expanded to include more construction projects (such as bridge 
construction), considering the positive dynamics of applying the DGML model in the built 
environment (I). 

3.1. Designing Globally: Open Design and Parametric Design Tools 
Information and Communication Technologies (ICT) have facilitated the development  
of digital platforms that favour online information sharing. Given the potential  
of these platforms to enhance collaboration and knowledge transfer at low costs,  
ICT have been portrayed as a booster of democratisation (Benkler, 2006; Castells, 2000; 
Von Hippel, 2005). Digital resources (such as knowledge, software, and designs) can be 
distributed through ICT (e.g., the Internet) and shared as a “digital commons” (Hess & 
Ostrom, 2007). 

By publicly sharing information regarding the development process of technologies,  
a growing pool of digital resources emerges. Such resources include online manuals  
and designs that can be tested, modified, and reviewed globally. Communities around 
the globe use digital commons to provide customised technological solutions locally.  
By adding their feedback, such communities enrich and improve the digital commons 
(van Abel et al., 2011). For example, the Open Source Wood initiative6 is an open-source 
web portal that aspires to support global innovation in timber construction. 

                                                                 
6 https://opensourcewood.com/Pages/default.aspx 
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Further, global inventories are developed that include simplified design rules, online 
tutorials, and illustrations around built-environment activities. Such an initiative was 
undertaken by the World Housing Encyclopedia7, an online platform that contains 
extensive reports on the architectural features, structural systems, building materials, 
and socioeconomic indicators of several housing types around the globe. In the same 
vein, international platforms such as the International Council of Monuments and Sites 
Committee8 and the International Association of Earthquake Engineering9 provide access 
to information around the construction sector. 

In architecture, integrated design approaches that consider the stakeholders involved 
in the construction process have been implemented during the last three decades 
(Parvin, 2013). Parametric design tools such as Building Information Modelling (BIM) 
have been used for that purpose. BIM design models can be shared to foster 
collaboration and communication among the engineering community but also between 
professionals and non-experts. BIM models consist of a set of interchangeable building 
components, which can undergo various analyses to ensure the durability of buildings. 

Limitations of BIM technology include the resistance of construction stakeholders  
to change conventional practices, and interoperability issues that hinder broad 
collaboration (Wong & Zhou, 2015; Miettinen & Paavola, 2014). Despite such limitations, 
BIM allows for advanced building simulations, including structural tests, energy analyses, 
and geospatial calculations, which could lead to environmental and economic gains in 
building performance (IV; Krygiel & Nies, 2008; Ciribini et al., 2016). Hence, it is generally 
accepted in the literature that BIM holds the potential for enhancing sustainability in 
building design (Wong & Fan, 2013; Wong & Zhou, 2015; Oti & Tizani, 2015). 

3.2. Manufacturing Locally: Local Manufacturing Technologies 
Local manufacturing technologies enable the production of objects locally, thus 
facilitating distributed production networks (Perez & Santos, 2017). These technologies 
are exemplified by 3D printers, CNC routers, and laser cutters. They are fed with 3D 
models and designs, which are directly translated into tangible objects. The distribution 
of local manufacturing technologies boosts creativity and experimentation and paves the 
way for transforming the manufacturing process of physical products via the 
development of open-source hardware (OSH) solutions (Kostakis et al., 2016). 

The Arduino microcontroller board10 and Open Bionic Systems11 illustrate open-source 
hardware (OSH) products. A broad spectrum of openness levels arises in regard to the 
production of physical artefacts. The degree of openness has been associated with 
features such as the transparency, accessibility, and replicability of relevant information, 
as well as the commercial usability and intellectual property rights of a work (Balka et al., 
2013; Di Benedetto, 2010; Bonvoisin, 2016). Specified protocols, such as the Creative 
Commons licence12, are used to foster the distribution of digital commons by ensuring 
the openness of the entire process. 

                                                                 
7 http://www.world-housing.net/ 
8 https://www.icomos.org/en/about-icomos/committees/ 
9 http://www.iaee.or.jp/ 
10 https://www.arduino.cc/en/guide/introduction 
11 https://openbionics.org/ 
12 https://creativecommons.org/licenses/?lang=el 
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Makerspaces set the stage for materialising OSH products locally through machinery 
sharing and knowledge exchange (Anderson, 2012; Troxler, 2011). They constitute 
community-run co-working places, like hackerspaces, micro-factories, fablabs, and 
media labs, which adopt participatory decision-making approaches to manage shared 
resources (Gandini, 2015). Makerspaces are equipped with local manufacturing 
technologies and simple tools offered to the public for use and experimentation. 

Makerspaces secure access to production means, bringing inclusiveness, 
collaboration, and human creativity to the fore. In the construction sector, 3D printed 
architectural models are created to grasp the volume of buildings (I; Bonwetsch, 2006), 
while local manufacturing technologies are used to produce building components and 
houses13. Although there are differences between the global North and South, 
makerspaces are generally a global phenomenon (Niaros et al., 2017; The Maker Map, 
2018). The expansion of makerspaces and local manufacturing technologies could 
possibly generate societal transformations by providing the infrastructure needed  
for manufacturing technological solutions locally (Cutcher-Gershenfeld et al., 2017; 
Garmulewicz et al., 2018). 

3.3. The Emergence of the “Design Global, Manufacture Local” Model 
Makerspaces comprise globally distributed but networked communities of practice. 
Digital commons are used to produce customised solutions locally, bearing surrounding 
biophysical conditions in mind (Kostakis et. al, 2016). Such a convergence of global digital 
commons with local manufacturing technologies has been outlined through the DGML 
model. 

The DGML model seems to differ substantially from the conventional market-driven 
production model. It promotes distributed production within the dominant capitalist 
system enabled via networked makerspaces (Kostakis et al., 2016; Kohtala, 2015).  
The collective intelligence and cooperation embedded in the development of DGML 
solutions strengthen the potential of relevant initiatives to thrive and foster  
innovation (Benkler et al., 2015). Relevant information behind the development process 
of technological solutions is shared as a digital commons, which can then undergo 
asynchronous modifications by contributors. 

Modularity is a typical element embedded in the design of DGML products. This refers 
to the property of structures to be easily decomposed and recombined in smaller 
parts/modules (Kostakis, 2019). During the production of modular products, people can 
work asynchronously on different modules, while certain modules can be replaced or 
reused in other constructions. In that sense, the disassembly ability, recyclability, 
and reparability of DGML modules are facilitated (Bonvoisin, 2016). 

The DGML model appears to entail inherent sustainability characteristics (Kostakis  
et al., 2016). Social sustainability is promoted through the inclusiveness aspect pervading 
the whole process, as well as the mutualisation of resources in makerspaces.  
The economic sustainability of DGML products relates to the removal of profit-oriented 
incentives and the purposive design of DGML products to last (Guiltinan, 2009).  
In addition, on-demand production promotes environmental sustainability, since the 
need for long-distance transport of heavy machinery is minimised (Kohtala & Hyysalo, 
2015). However, claims about the sustainability potential of DGML products currently 

                                                                 
13 https://www.iconbuild.com/ 
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rest on thin empirical foundations, necessitating further scientific research (Kostakis  
et al., 2016). 

Finally, research has illustrated some interrelated practices observed in the 
development of DGML products that could be associated with conviviality (Kostakis  
et. al, 2016). These practices include the incentives of communities to design for 
sustainability, on-demand production of technological solutions and the sharing of 
infrastructures that takes place when communities use local manufacturing technologies 
in conjunction with digital commons. Also, the main motives for communities engaged 
in the development of DGML products stem from their need for communication, learning 
and enrichment (Benkler, 2006), presenting connections with values embedded in the 
concept of conviviality. 

3.4. Open Construction Systems 
The conceptual framework of the DGML model was employed to outline how collective 
initiatives take place in the construction sector, albeit in a seed form. I use the term OCS 
to delineate a set of connected things and devices that operate together in producing 
buildings by designing globally and manufacturing locally (II). This set may include  

i. equipment (such as design tools and local manufacturing technologies),  
ii. information resources (such as those included in the digital and vernacular 

commons)  
iii. community practices (such as those implemented in makerspaces or by  

open-source communities), and  
iv. legal components needed to produce DGML buildings (such as public copyright 

licences and building regulations). 
Open building systems (OBS) are the starting point of OCS. The term OBS was 

introduced to describe modular building components able to form a variety of building 
types (Kamar et al., 2009; Siw, 2013). OBS are based on structured components that 
allow for interchangeability and thus present a certain degree of customisation and 
flexibility (European Commission, 2009). The Hexayurt14, the Open Source Ecology 
Microhouse15, and the WikiHouse16 exemplify emerging forms of OBS, as descriptively 
presented in Article II. 

As a broader term compared to “building”, “construction” emphasises the process of 
erecting structures, encompassing activities like drafting, computation, and the analysis 
of building information. In that sense, the concept of OCS builds on OBS, expanding the 
focus of attention from the building structure to the ecosystem around it. Such an 
ecosystem is required to foster the lifecycle management of OBS. The conceptual 
framework of OCS is presented below (Figure 6). 

 

                                                                 
14 http://hexayurt.com/ 
15 https://www.opensourceecology.org/portfolio/microhouse/  
16 https://www.wikihouse.cc/ 
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Figure 6: Conceptual framework of OCS 

OCS prefigure niche practices that take place on the margins of the dominant 
paradigm through community-based processes. They question the conventional 
construction model by inaugurating a new organisational and production framework that 
moves away from market-regulated structures. Beyond such shared focus of OCS, 
a combination of cultural, economic, social, and techno-political elements shapes the 
goals, interests, actions, and structure of OCS locally (II). By identifying various ideological 
frames of OCS, a common set of values, goals, and principles for the communities 
involved in such activities can be developed. 

Considering recent concerns for sustainability (Green Building Council, 2018; Whicher 
et al., 2018) and the need for a convivial paradigm in the construction sector, OCS present 
non-negligible tendencies to promote conviviality, given the fundamental principles 
upon which they are based. For instance, the use of distributed infrastructures 
(such as the Internet and local manufacturing technologies) aligned with the DGML 
model allows for autonomous production processes (Illich, 1973). It also enables the 
production of buildings in local makerspaces, reducing the demands for transporting 
machinery (Kohtala & Hyysalo, 2015). Further, open-source communities working on 
OCS mainly design towards customisation and not profit maximisation. Hence, it is 
possible for these communities to design for sustainability (Kohtala, 2015). Finally, 
the mutualisation of resources (both digital ones, i.e. software, designs, information, 
know-how, etc., and physical ones, i.e. machinery, makerspaces, etc.) promotes 
collaboration and bonding among the community. 

The limitations of the approach indicated through OCS stem from ambiguity in the set 
of elements that define OCS. For instance, the concept of community is subject to many 
interpretations. In the current digitally connected world, there are digital communities 
without territorial reference that can be potentially global. Further, resources like rivers 
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need to be managed by numerous communities whose actions and practices are 
confined by different central political powers and production networks. Hence,  
the question of who comprises a community can be tricky. 

Based on the commons definition (Bollier, 2014), communities are composed by 
individuals who manage a resource by conforming to certain protocols, values, and 
norms set by communities themselves. In that sense, a community called upon to 
contribute to the management of a given resource is composed of any individuals who 
take full responsibility on an equal footing for the decision-making and protection 
surrounding this resource. Thus, for instance, a makerspace community sets the rules for 
the operation and administration of the equipment and activities present in a specific 
makerspace. Similarly, an open-source software community consists of a group of 
individuals who work together to develop, test, modify, and maintain an open-source 
software product following certain rules. 

Further, considering local specificities around the globe, the set of tangible and 
intangible resources, tools, and actors included in the definition of OCS may present huge 
differences from place to place. However, the aim of the definition is to provide a first 
step towards establishing a theoretical framework for OCS to enable dialogues between 
principally social and mainly engineering agendas. The implementation of OCS depends 
on the discretion of local actors, who need to understand the importance of such an 
approach for humanity in its entirety.  
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4. Three Interlocked Elements for Conviviality in the Built
Environment
In this section, I elaborate on three interrelated features that enable the conviviality 
potential of OCS. I also propose improvements that could tackle issues associated with 
these elements towards conviviality. These features include modularity, sharing, and 
adaptability. Modularity enables the decomposition and recombination of building 
modules, leading to the simplification of structures (Kostakis, 2019). In this sense, 
it arguably acts as a facilitator for social inclusiveness in the construction process. Sharing 
allows for the mutual benefit of individuals from the same resources in tandem and 
enables the production of collective value, as well as shared values and purpose (Bollier 
& Helfrich, 2019). Adaptability is catalysed through the engagement of the user in 
construction processes, and is enabled via modularity and sharing (Elgammal et al., 2017). 

To narrow down the scope and reduce the ambiguity entailed in the concept of 
conviviality (Caire, 2010), the MCT is used as a normative schema to provide further 
insights on how OCS could enhance conviviality. To this end, three interlocked elements 
for conviviality observed in the development of OCS are discussed in relation to the five 
levels of the MCT. Referring to the levels of conviviality as analysed in the MCT, 
modularity potentially facilitates accessibility to technology (access), sharing strengthens 
socio-ecological relations (relatedness, bio-interaction, and appropriateness), and 
adaptability facilitates the consideration of local contexts. 

The following analysis offers a synthetic overview of the findings of all four articles 
included in this thesis. The manifestation of these three interlocked features was roughly 
described within three case studies of OBS examined in Article II and is now presented in 
a more coherent way. Given the novelty and seed form of OCS, certain features related 
to the maintenance and disposition of OBS are based on perceptions of my own (as 
stated in Article II) and of the participants in the construction process of a WikiHouse 
(III). The next figure (Figure 7) depicts the main conviviality features observed in OCS. 

Figure 7: Conviviality features of OCS 
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4.1. Modularity 
The concept of modularity provides a useful means to deal with complex systems 
(Baldwin & Clark, 2000). Echoing Gershenson et al. (2003), the adoption of modularity 
enhances the simplification of the design process and the ability to customise solutions. 
Given the high complexity and interdependence among various stakeholders involved in 
building construction, the role of modularity in handling the complexity of building 
systems is important. Thus, by increasing the modularity of building systems, certain 
processes can be structured and design decisions can be decoupled (Viana et al., 2017). 

Modularity is embedded both in the design tools used and in the design of OBS. 
Digitalisation enables the integration of the design with the construction of buildings, 
boosting the accuracy, quality, and lifecycle management of buildings. Parametric design 
tools, such as BIM technology, enable the decomposability of building structures into 
distinct but interrelated modular components. These components can function 
independently but are still interconnected and integrated into the architectural BIM 
model. Additional BIM models (such as structural and mechanical ones) are linked to the 
architectural-central model to enhance computational analyses of the building structure. 
Based on existing literature, BIM could provide a new paradigm for communication that 
fosters social engagement and collaboration in the construction process (Gu et al., 2014). 

Although in principle parametric tools allow for infinite modifications in the form and 
shape of components, fixed rules apply so that BIM can grasp internal relationships 
between the building components. These rules hinder the creation of complex building 
elements through BIM (Yamazaki, 1990; Yamazaki et al., 2014). In addition, recent 
research has demonstrated that the use of BIM technology imposes restrictions on the 
accurate design of certain elements of vernacular structures (IV). Such restrictions are 
associated with the use of standardised building components, which can be modified 
independently and combined in various ways to form structures and superstructures 
(Open Structures, 2018). 

In that sense, standardisation embedded in the design through BIM technology 
creates a challenge and an opportunity at the same time. The challenge is related to the 
need for explicitly defined rules so that BIM technology understands relevant functions. 
The existence of such rules may obstruct the imprint of distinctive building components 
(III). The opportunity correlates with the capability to structure data, codify and share 
parameterised objects, which facilitates the replicability of building solutions. Such a 
potential empowers BIM technology to provide a precise interface with an integrated set 
of applications for well-defined building types (III). 

The design-embedded modularity in OBS facilitates the construction, maintenance, 
and disposal of OBS. For example, the WikiHouse includes the structural framework (the 
chassis), the electrical equipment, the foundation, the mechanical equipment, the roof, 
and solar utilities. All these subsystems can be constructed independently, while certain 
tasks can be outsourced to expedite but also simplify the entire process (Kostakis, 2019). 

During the assembly of OCS, participants can be grouped by ability and interests: some 
may work on insulation, others on the chassis system, while still others may undertake 
the mechanical, electricity, and plumbing installations (II). In that sense, modularity leads 
to a division of human labour that reduces the complexity of the construction process, 
making it more accessible and inclusive. 

Increased modularity during building design offers the flexibility to piece together, 
modify, rearrange, and substitute optional modules during the use stage to best  
suit the needs of users. During the maintenance process, modularity enables the 
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disassemblability of buildings into manageable modules that can be substituted or 
repaired independently. Thus, instead of demolishing the entire building, certain 
modules can be tested and maintained with the support of local experts (III). 

4.2. Sharing 
Sharing and collaboration are crucial for all stages of the construction process of OCS. 
Sharing takes place both in distributed makerspaces, where equipment and simple  
tools are used by local communities, and also online, given that digital resources  
(i.e. information, designs, etc.) are exchanged to facilitate the production of open-source 
building solutions. Collaborative processes are evident throughout the construction 
stage of OCS, where subgroups work asynchronously on the assembly process of 
different parts, developing friendship and joyful feelings (III). These subgroups work 
closely with the design team to exchange information, create feedback loops,  
and document the entire process (I). 

In makerspaces, shared resources are managed by communities that set rules for 
using resources in a fair manner for all, with a view to maximising optimisation and 
minimising the processing of material. Recyclable, locally sourced, and reused materials 
are preferred as far as possible so as to mitigate environmental impacts, in consideration 
of the sustainability focus of these communities and vernacular principles. Special 
attention is paid to sustainably managing ecosystems from which raw materials are 
obtained. For instance, sustainable solutions for wood are produced through forest-based 
bio-economy. 

The existence of detailed documentation guides and manuals is vital to ensure the 
replicability and openness of OCS (Bonvoisin, 2016). Architectural data, construction 
details, and chemical, environmental, economic, and biophysical information should be 
extensively documented to foster autonomy during the construction and maintenance 
phases of OBS. In the current development stage of OCS, fragmentation issues arise due 
to the lack of a comprehensive platform that includes all the up-to-date information 
around them. In the case of the WikiHouse, for instance, design files are shared on online 
platforms like GitHub. These design files are usually uncategorised and non-engineered. 
Yet to ensure the applicability and safety of OBS it is important to review the quality, 
clarity, and comprehensiveness of the published information. 

Additionally, the plurality of expertise and skills among the participants in the 
construction process enhances the degree of autonomy that the local community feels 
during the construction and maintenance stages of OBS. The level of conviviality in the 
construction phase rises when a highly engaged community with a strong supporting 
network is involved. However, in the current stage of OCS, uncertainties concerning the 
ability of local communities to handle the entire lifecycle demands of buildings have been 
pointed out (III). For instance, concerns have been raised regarding the ability of users to 
maintain certain building infrastructures, such as plumbing and electricity modules. 
Further, although it is expected that OCS fulfil the basic needs of users to a satisfactory 
degree, there is uncertainty about the durability of the buildings (III). Consequently, 
technical interventions are required at certain stages, indicating that OCS are still far 
from being fully convivial (III). 

The application of the MCT to a WikiHouse indicated that the conviviality assessment 
of the WikiHouse technology may be quite subjective (III). For instance, the conviviality 
perception of the output is influenced by the subjectivity of cost-related factors and the  
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simplicity of the tools and methods used. More specifically, these factors were 
interpreted with regard to personal insights and the participants’ familiarity with the 
tools, respectively. 

To facilitate local production processes, the physical infrastructure needed for the 
development of OCS should be provided. For example, real estate public infrastructures 
could be used as physical co-working spaces that facilitate skill-sharing and the 
development of open hardware projects. Also, distributed ad-hoc divisions could consult 
specialists regarding documentation and administrative procedures, such as building 
permits and funding applications. At the same time, executive committees formed at 
national levels could check validity and revise the uploaded information of the digital 
pool. Last but not least, given the scarce funding sources of open-source communities, 
the economic encouragement and institutionalisation of these communities is vital to 
boost their impacts. 

When it comes to the sharing of digital resources, Creative Commons public copyright 
licences enable the free distribution of building solutions, facilitating the integration of 
the construction industry. Such a condition empowers engineering companies, 
educational institutions and public entities to participate in the research and 
development of OCS by providing technical support to local communities throughout the 
building supply chain. However, the participation of private companies in the 
construction process may obstruct the sharing of outputs (III). 

Raising awareness about the importance of scaling up the impact of OCS for humanity 
is significant in fostering conviviality through the engagement of individuals in relevant 
processes. Some steps in this direction could be offered through the investment in open 
data and information, the promotion of open-source technologies by policymakers, and 
the integration of open-source structured protocols for data sharing and coordination 
among stakeholders: from local governments and professionals to international 
organisations. Such protocols could ensure the effective implementation of construction 
practices in each region and country, as well as establishing networks and partnerships 
at regional, national, and international levels. By accessing international codified 
datasets of vernacular knowledge and disseminating the construction practices of 
various districts, experimentations and combinations of best building practices could be 
fostered.  

Attention should be paid to facilitating the accessibility of building information to 
people without technical knowledge. For instance, grasping the structural behaviour of 
buildings is fundamental for communities to achieve high autonomy levels. Given that a 
considerable portion of the engineered knowledge has emerged through interpretations 
of vernacular knowledge, robust engineering knowledge could be simplified and given 
back to the communities, as the conviviality concept dictates. Evidence could be supported 
by conducting experiments to study the efficiency of building performance, while model 
structures and building simulation methods could be used to reproduce the behaviour of 
buildings in diverse configurations and under changing external forces. Further, 
workshops, training programs, and lectures could be implemented to reinforce the 
engineering skills required for the development of OCS and spread their impact beyond 
the scope of the local initiatives. 
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4.3. Adaptability 
The international homogenisation of structures in the built environment has indicated 
the need for buildings’ adaptability to local contexts with an eye to biophysical conditions 
(Guggenheim & Söderström, 2010). The emphasis of OCS is placed on endorsing 
adaptability according to human needs rather than offering one-size-fits-all solutions. 

During the introduction of OBS, monolithic and standardised materials are usually 
used as a starting point to facilitate experimentations around OBS. For instance, 
standardised sheets of plywood are the main materials used for the chassis system of the 
WikiHouse: these are usually obtained from Finnish wood industry producers. As the pool 
of digital commons for OCS grows, new materials and designs are being tested in local 
contexts with the aim to enhance the performance of buildings through the use of 
sustainable materials and techniques (II). The use of open data is crucial to democratise 
accessibility to information around robust construction materials, as well as  
material-related properties and performance data. In this direction, platforms like 
Materiom17 are substantially useful to provide recipes for materials made from widely 
available natural and bio-based ingredients, including agricultural waste. In that sense, 
open-source databases could further decentralise the production of OCS by providing 
the means needed to self-produce construction materials. 

Local stakeholders (i.e. architects, manufacturers, designers, structural engineers, 
etc.) can freely access and modify digital commons related to building information, and 
ensure the applicability of digital resources to local contexts. Distributed networks of 
local operators can provide technical support to end users, as well as be commissioned 
to manufacture buildings in local makerspaces on demand. Also, contribution guides can 
be used to serve the changing needs of a given project and to invite people with specific 
skills ad hoc to join the construction process at certain stages. 

To increase the dynamics of local networks, it is important for standardised building 
elements to be modifiable. Based on the current state of OCS, time-consuming processes 
that relate to the editing of existing designs have been reported (III). Also, the inability 
of BIM technology to capture vernacular knowledge and thus to adapt to local 
specificities (e.g., local construction techniques, materials, and vegetation) has been 
pointed out (IV).  

The creation of open databases that include environment-related elements could 
benefit BIM technology. Further, the addition of smart features and the combination of 
geospatial technologies with BIM technology could enable the detection of locally 
available construction materials and the evaluation of alternative design solutions on a 
context-specific basis. Also, the addition of smart features and the combination of 
geospatial technologies with BIM technology could enable the detection of locally 
available construction materials and the evaluation of alternative design solutions on a 
context-specific basis. 

Regional variations related to building regulations, zoning codes, and inspections 
should also be considered. OBS bear an inherent potential for adaptability to local 
building regulations owing to their design-embedded modularity. Specifically,  
modularity fosters the substitution of materials and building components, as well as  
the modification of building components to fit predefined geometric constraints. 
Further, the development of open databases with regulation-related documents could 
enhance the reproducibility of OCS at local levels (Open Building Institute, 2018).  

                                                                 
17 https://materiom.org/ 
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In addition, the simplification of international technical guidelines (such as the 
International Building Code in the US and the Euro Code in the EU) could further facilitate 
the application of OCS in different locations. 

Last but not least, the integration of available open-source databases and platforms 
associated with the construction of built structures should be prioritised in order to 
enhance local production. Classifications according to the type of construction project 
and the construction stage concerned should be made to facilitate accessibility to 
information. Also, through the use of geospatial technologies, certain types of OBS, 
materials, building regulations, and administrative processes could be demarcated based 
on local specificities. 
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5. Conclusions and Proposals for Future Research 
This thesis provides a preliminary framework for a convivial paradigm in the construction 
sector. Its starting point is the housing crisis that the conventional construction model 
has failed to avert and the accompanying need for sustainable construction practices. 
The thesis delineates the contours of an emerging model based on the convergence of 
digital commons with local manufacturing technologies and indicates how new forms of 
value creation could be created by shifting towards conviviality to analyse 
transdisciplinary issues in building construction. 

The main body of this thesis lies in the intersection of engineering and social sciences. 
The analytical framework is built on two main pillars: i. sustainable construction practices, 
which point out social, environmental, and economic issues associated with the current 
construction model, as well as sustainable practices observed in the construction of 
vernacular structures; and ii. the importance of conviviality for serving as the basis for 
meaningful sustainability conceptualisations and sustainable construction practices with 
an eye to human wellbeing. To further stress this importance, the Matrix of Convivial 
Technology (MCT) is presented as an inclusive tool used for analysing complex processes 
taking place during the lifecycle of socially constructed products. 

Despite the plurality of existing perspectives towards sustainable construction,  
the challenge of sustainable construction has remained unanswered to date.  
In an attempt to provide preliminary answers, this thesis explores a specific option  
that brings sharing and solidarity into focus. The emphasis is placed on the emerging  
Design Global, Manufacture Local (DGML) production model, which embraces 
community-based innovations informed by the capacities of technological capabilities. 
The scale, values, and collaborative practices of the DGML model differentiate it from 
the conventional model of mass production. 

In this context, the concept of OCS is introduced to explore the manifestation of the 
DGML model in the construction sector. OCS include physical resources, such as 
equipment and tools, and intangible elements, such as information resources, 
community practices, and legal elements, which operate together when producing 
DGML-based structures in the built environment. The establishment of a theoretical 
framework for OCS may enable dialogues between social and engineering agendas to 
trace opportunities for transdisciplinary cooperation and visualise common paths 
towards human welfare. 

Through a multifaceted investigation of OCS, the main objective of this thesis is to 
illustrate three interlocked elements for conviviality identified in OCS: design-embedded 
modularity, sharing practices of digital and physical infrastructures, and adaptability to 
local contexts. These elements are connected to the conviviality levels of the MCT and 
provide preliminary evidence of the positive dynamics of OCS for conviviality. Through 
the analysis, it is concluded that OCS present non-negligible tendencies towards 
conviviality. 

In addition, certain proposals that could boost the conviviality potential of OCS are 
formulated. Among these, advancements in Building Information Modelling technology 
enhancing its capability to capture contextual information, the implementation of  
open-source protocols for data sharing to enhance the documentation process of open 
hardware solutions, and the institutionalisation of open-source communities, as well as 
the integration of open-source platforms available to facilitate activities related to any 
construction stage, stand out. 
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Considering the involvement of diverse stakeholders, including professionals  
(i.e. engineers, architects, suppliers, construction workers, etc.) and governmental 
organisations (i.e. central government, local authorities, etc.), all of whom are in 
construction processes together, bearing multiple interests, the abovementioned issues 
cannot be addressed in the absence of transdisciplinary cooperation and institutional 
transformations. By stimulating policy-making efforts to build relevant institutions,  
OCS could pave the way for an inclusive and democratically controlled approach in the 
construction sector, as the concept of conviviality dictates. To enable the flourishing of 
OCS at regional, national, and global levels, awareness should be raised globally for 
promoting socio-environmental considerations in the construction sector. 

A point of criticism one may level against this thesis is the lack of empirical data 
regarding the maintenance and disposal stages of OCS, which, as mentioned before, is 
due to the seed form of OCS. It is highly recommended that future research should focus 
on evidence-based assessments for these stages to provide sound data about the 
lifecycle performance of OBS. In addition, the investigation of variations in the 
development of OCS observed in different socio-economic contexts and the exploration 
of how DGML could work in the case of other built-environment structures, such as in 
bridge construction as tentatively explored in Article I, could enrich the findings of this 
thesis. Further, a comprehensive sustainability comparison with an industrially produced 
building with a similar OBS, as explained below, would be beneficial to test the 
sustainability potential of OCS. 

Further, a compilation of targeted tools should be used to comprehensively assess the 
sustainability degree of different technologies. For example, applying the LCA 
methodology may be challenging for assessing complex technologies such as buildings, 
mainly due to high input requirements and a lack of capability to capture complex 
interrelations of our co-existence. On the other hand, the MCT cannot be easily adapted 
to thoroughly assess complex technologies, given the multi-layered interrelations of 
diverse factors that need to be considered. Hence, in the case of buildings, flexible but 
structured tools should be used, which i) assess both the building structure and the 
ecosystem around it and ii) aim to simplify the entire construction process (such as 
through the use of modular building elements), without compromising the simplicity in 
use of the tools. The development and institutionalisation of such tools or combinations 
of targeted tools could foster meaningful sustainability assessments of construction 
processes. 

There is no single solution to the housing crisis. Lessons should be drawn from global 
experiences and effective strategies should be developed on local levels, bearing in mind 
regional social, economic, and political specificities. Vernacular knowledge can be a 
profound asset for defining principles for sustainable design at local contexts, while 
offering the opportunity for us to digest and assimilate conviviality values. Such values 
will enable us to build a common future with a particular focus on human interrelation 
and wellbeing. In this context, I introduce the concept of OCS as a promising pathway for 
fostering conviviality in the built environment. The question, however, of whether we 
want to follow a promising but arduous path towards convivial construction practices 
remains; and the answer is up to us. 
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Abstract 
Towards a Convivial Built Environment: Developing an Open 
Construction Systems Framework 
This thesis aspires to provide a preliminary framework for a convivial paradigm in the 
construction sector. So far, there is no established approach to sustainable construction 
in this sector. In this context, the concept of conviviality was introduced to serve as the 
basis for meaningful sustainability practices in the construction sector. The construction 
of vernacular structures has valuable lessons to teach us in terms of building structures 
in an autonomous and decentralised way, as the concept of conviviality dictates. 

With the housing crisis forming the starting point of the research, the thesis aims to 
shed light on how a convivial alternative to the conventional construction approach can 
thrive. The implications of conventional construction practices on the three pillars of 
sustainability include high contribution levels to global carbon emissions, augmented 
rates of homelessness, and low user participation in the construction process. 

Hence, the focus is placed on an emerging production model based on sharing and 
solidarity which could constitute a tentative alternative to conventional construction 
practices; namely the Design Global, Manufacture Local (DGML) model. Based on the 
DGML model, I introduce the concept of Open Construction Systems (OCS) as a possible 
pathway for fostering conviviality in building construction. This concept aims to expand 
the focus of attention from the building structure to the ecosystem around it by 
considering things (such as equipment, information resources, and legal components) 
and devices (like community practices) required to enable the lifecycle management of 
building structures. 

The thesis uses a mixed methodological approach that consists of both quantitative 
and qualitative methods to allow for a multi-layered analysis of different aspects of OCS. 
The analysis ranges from educational and openness perspectives (I; III) to the 
technological and institutional potential of OCS (II; IV). The main objective of this thesis 
is to illustrate three interlocked elements that enhance the conviviality potential of OCS: 
design-embedded modularity, sharing practices of digital and physical infrastructures, 
and potential for adaptability to local contexts. These elements stem from the analysis 
of the Matrix of Convivial Technology, a normative schema used to provide a 
comprehensive means for assessing social, environmental, and economic elements 
associated with the production of technologies. 

Further proposals for future research are necessary to boost the conviviality potential 
of OCS, especially regarding the improvement of Building Information Modelling 
technology to enhance contextual information analyses, the implementation of  
open-source protocols for data sharing to enable the documentation process of  
open hardware solutions, the institutionalisation of open-source communities by 
governmental organisations, and the need for integration of existing open-source 
platforms to facilitate accessibility to construction-related information. 

In our path towards conviviality, lessons can be learnt from vernacular structures, 
which serve as successful exemplifications of how conviviality can thrive in the 
construction sector. The development of an OCS framework aspires to reinvigorate 
vernacular structures by mobilising individuals to find their role and participate actively 
in built-environment activities. Hopefully this thesis will trigger discussions among 
engineers and social scientists, and experimentations around OCS. 
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Resümee 

Ehituses inimmõõtmelisusele üleminemine: avatud ehituse 
süsteemi raamistik 
Selle lõputöö eesmärk on tutvustada lihtsat inimmõõtmelise tehnoloogia raamistikku 
ehitussektori jaoks. Antud sektoris pole siiani ühtegi kindlaks kujunenud jätkusuutlikku 
lähenemisviisi. Töös pakutakse üheks võimalikuks variandiks inimmõõtmelise 
tehnoloogia kontseptsiooni, mis võiks olla mõjusate jätkusuutlike tavade aluseks 
ehitussektoris. Inimmõõtmelise tehnoloogia printsiibil ehitatakse struktuure 
autonoomselt ja detsentraliseeritult, juhindudes muu hulgas ka väärtuslikke õppetunde 
pakkuvatest rahvuslikest ja pärandtavadest. 

Uue kinnisvarakriisi tekkimist silmas pidades näitlikustab see lõputöö, kuidas edeneb 
ja õitseb tavapäraste ehitussektori tavade kõrval selle alternatiiv – inimmõõtmeline 
tehnoloogia. Traditsiooniliste ehitustavade negatiivsed mõjud jätkusuutlikkuse kolmele 
alustalale kujutavad endast suuri süsinikdioksiidi emissioone, suurenevat kodutusmäära 
ning liiga väikest kasutajapoolset osalust ehitusprotsessis. 

Traditsiooniliste ehitustavade alternatiivina on hetkel katsetamisel mudel nimega 
disaini globaalselt ja tooda lokaalselt (Design Global, Manufacture Local ehk lühemalt 
DGML), kus on fookus jagamisel ja solidaarsusel. DGMLi mudelile tuginedes tutvustab 
autor avatud ehituse süsteemi (Open Construction Systems ehk lühemalt OCS), mis 
kasutab just inimmõõtmelise tehnoloogia põhimõtet. OCSi eesmärk on juhtida 
tähelepanu ainult ehitiselt ka seda ümbritsevale ökosüsteemile, võttes arvesse ehitise 
elutsükli haldamiseks kasutatavaid vahendeid (nagu seadmed, teabeallikad ja õiguslikud 
aspektid) ja meetmeid (nagu kogukonnatavad). 

Selles doktoritöös on kasutatud nii kvantitatiivseid kui ka kvalitatiivseid meetodeid, et 
OCSi erinevaid aspekte mitmel viisil analüüsida. See analüüs ulatub õppimise ja avatuse 
aspektidest (I, III) OCSi tehnoloogilise ja institutsioonilise potentsiaalini (II, IV). Töö 
põhieesmärk on tuua välja kolm omavahel põimunud aspekti, mis parendavad OCSi 
inimmõõtmelisuse potentsiaali: disaini modulaarsus, digitaalsete ja füüsiliste 
infrastruktuuride jagamistavad ning kohalike kontekstidega kohandumise potentsiaal. 
Need aspektid on valitud inimmõõtmelise tehnoloogia maatriksi analüüsi põhjal, mis on 
normatiivne raamistik, mis pakub paljuhõlmavat vahendit tehnoloogiate loomisega 
seotud sotsiaalsete, keskkonnaalaste ja majanduslike mõõtmete hindamiseks. 

OCSi inimmõõtmelisuse potentsiaali suurendamiseks on vaja täiendavate uuringute 
ettepanekuid, eriti seoses ehitusteabe modelleerimise tehnoloogia parendamisega, et 
täiustada kontekstuaalse teabe analüüsimist, avatud lähtekoodiga protokollide 
kasutamisega andmejagamiseks, et võimaldada avatud lähtekoodiga riistvaralahenduste 
dokumenteerimist, avatud lähtekoodi kogukondade institutsionaliseerimisega 
valitsusasutuste poolt ja olemasolevate avatud lähtekoodi platvormide integreerimise 
vajadusega, et võimaldada ligipääsu ehitusteabele. 

Inimmõõtmelisuse poole püüdlemisel võime õppida rahvuslikest ja pärandtavadest, 
mis ilmestavad seda, kuidas inimmõõtmelisus võib ehitusvallas edukalt toimida. OCSi 
raamistiku loomine võib aidata rahvuslikke ja pärandtavasid taaselustada, kutsudes 
inimesi üles elamiskeskkonna loomises oma rolli leidma ja selles aktiivselt osalema. Autor 
loodab, et see doktoritöö algatab inseneride ja ühiskonnateadlaste seas vastavateemalisi 
arutelusid ja OCSi alaseid katsetusi.
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Publication I 
Pantazis, A., & Priavolou, C. (2017). 3D printing as a means of learning and 
communication: The 3Ducation project revisited. Telematics and Informatics, 34(8), 
1465–1476.  
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	"�	���&
	�����(_����
�)�

��M̀B><DK>̂�Y)
�
��	
���
�����	�&�����W�%(	�$	�T"�)�"�"�	�(���
$�
WW�
�"����&
����
�"("��	��%�
�$
�
��&�
���	���)
����"�
(��	���"
���
��Y
�)����T	����$
�
��&�
����	�"����&
��	$
����
WW
��	�
�W
��
+�
V�W�
��)
�$
"	T������"�
(��	������$�����T
�
����W�%(	�$	�T"��)
�(T)��)
�("
��W�����"�"(�)��"�a(	�$	�T���W�
���	�����$
�	�T��a�����Y)	"�&�&

��
	�	����[��""
""
"��)
�("
��W�a����
�)����T[�	���

���(��
�$
"	T����$�����["	"��)
�(T)��)
���"
�"�($[��W���X


V��

���(��
��("
(��%(	�$	�T��a�"
$����"�W�+�

��&&�	���	����"�+
����"�	�b"	�(��%"

���	�����$�	��

�	
+"�����(
��
�
�

T[�����["	"���$�"�W
�[�+


�&
��
$����%
�	�&�
������$�����T
"���)	
�
$��)
�(T)�a����
�)����T[������)
�����
�
[���)
�	��%	�	�[������&�(

����	��V��+�
$T
���$��)
����V��W��$�&��%	�	�[����������"&
�	W	�	�	
"��&&
�
����%
��)
���	��+
�V�
""
"��W�a����
�)����T[��c

��	���
�"(

"����
�)���
��)
�("
��W�a����
�)����T[�W�
��)
�$
"	T����$�����["	"��W��

���(��
�%(	�$	�T"��

�&
�&�"
$���dAef8<EB̂�a(	�$	�T���W�
���	�����$
�	�T��a���g�"���$�
$	h��	��g�"("��	��%	�	�[g�$
"	T�g����"�
(��	��g�
�

T[�����["	"g��

���(��
��
�)	�
��(

��ij�:=><8ELK>N8=�Y)
�	�&�����W�%(	�$	�T"�����)
�
��	
���
���)�"�%

��T�	�	�T����
��	�����

��)
���"��$
��$
"�k�l��Y)
�����
��	�����+�[��W�&
�$(�	�T�%(	�$	�T"�)�"�%

������
	�("�W�
�	�"�"	T�	W	��������(��"��W�+�"�
�k�l����$	���	�
�[��$
���	�	���&
��
""
"�����(���W�
� �m��W�������"��	$�+�"�
��+)	�
��)
��&

��	���"��T
��W�%(	�$	�T"�&
�$(�
"���m��W��)
�������T


�)�("
�T�"
"�k�� l��n
��
���)
��

$����	�&
��
��)
��	W
��[��
�&

W�
����
��W�%(	�$	�T"�	"�	�&

��	�
�����������
�&�����
�)���
�"("��	��%	�	�[�	���)
����"�
(��	���"
���
���)
��$�&���	����W�&
���	�
"��)���



����

�����	
��
�
��
��������
��� � ���������������������� �!�"�

#�$%�&��'(���)�%*+�,)-��)&#%�)��)',��$�%.�%�,)/���.�0�#�-#)*��(,��0��)���**��'�-�123"�4(�����',#),0#�#'+��.�0�#�-#)*��#��0,��-��)�.,/'�%����/(�,��5,'�%�/�)��%&,'#�)���)�%*+��..#/#�)/+��,)-�,$$%�$%#,'�)�����.�0�#�-#)*��,'�%#,����5(#/(�,%��#).���)/�-�0+�,%/(#'�/'�%,��$�,))#)*"�4��'(#���)-��'(�%��#��,)��%*�)'�)��-�'��/%�,'��)�5�-��#*)���-����'(%��*(�'(��#�$����)','#�)��.�,)�#)'�*%,'�-��'%,'�*+�163"�4(��,''�)'#�)��.�'(��*��0,��/�)�'%�/'#�)�#)-��'%+�#��*�,%�-�'�5,%-�,$$%�,/(���'(,'�%�-�/��/�)�'%�/'#�)�,)-��$�%,'#�)�/��'��5(#���#�$%�&#)*�'(��7�,�#'+��.�0�#�-#)*��1�3"�8��#*)�-�/#�#�)��%�*,%-#)*��)�%*+�/�)���$'#�)�(,&��,�*%�,'�#�$,/'��)�'(���#.��/+/����.�0�#�-#)*��*#&�)�'(����)*��$�%,'#�)��',*���.�0�#�-#)*��193"�:�����/(��,%��,%*���'(,'�;�#�-#)*��).�%�,'#�)�<�-��#)*�=;�<>��..�%��'(���$$�%'�)#'+�'��,/(#�&��'(����*�,���&#,�'#���,)-���)�+��,&#)*��1���!3"�?�&�%'(��������'(�%��1�����3�,%���/�$'#/,��#)�%�*,%-�'��'(��,-�$'#�)��.���/(�$%,/'#/����,#)�+�-���'��%��#�',)/��'��/(,)*��#)�/�)�'%�/'#�)�$%,/'#/�����,/@��.�*�&�%)��)'�#)/�)'#&����,)-�%���&,)'�/��'�"��)�'(#���'�-+��;�<�'�/()���*+�#��#�$����)'�-�.�%�'(��,%/(#'�/'�%,��-��#*)�,)-�'(���)�%*+�,),�+�#���.�,�A%��@�&�%),/��,%��������0�#�-#)*���-��"�4(��5(����$%�/����#��'(�)�,������-�0,��-��)�'(��%�,��$�%.�%�,)/���.�'(��0�#�-#)*�,.'�%��2�+�,%���.��$�%,'#�)"�4(��-+),�#/���.�;�<�'�/()���*+�'��-��#*)�,)-�,),�+B��/��$��C�,%/(#'�/'�%,�������)'���.�&�%),/��,%�0�#�-#)*���,��5����,��#'��,0#�#'+�'��#)/�%$�%,'��',/#'�@)�5��-*���.�'(��&�%),/��,%�$%�/����#)�0�#�-#)*�-��#*)�#��/%#'#/,��+�,������-"��)�,--#'#�)�����',#),0#�#'+�.�,'�%����0��%&�-�#)�'(��&�%),/��,%�$%�/����.����5�-�0+�'(���5)�%��.�'(���������'��/�)�'%�/'�'(��0�#�-#)*�,%��,����-#�/����-"�4(���,#)�,#���.�'(#��$,$�%�#��'���C$��%��'(��/(,���)*���,)-��$$�%'�)#'#����.�,$$�+#)*�;�<�'�/()���*+�'��'(��-��#*)�,)-�,),�+�#���.�&�%),/��,%�0�#�-#)*�"�D(,'�#))�&,'#�)��-����;�<�'�/()���*+�#)'%�-�/��.�%�'(���#���,'#�)��.�&�%),/��,%�0�#�-#)*�E����'(�%��%����.�%�#�$%�&���)'�.�%�;�<�'�/()���*+��,)-�#.�����#)�5(#/(�-#%�/'#�)E�4(����,%��'(���,#)�7���'#�)��,''��$'�-�'��0��,)�5�%�-�'(%��*(�'(��,$$�#/,'#�)��.�;�<�'�/()���*+�'��'(��,),�+�#���.�,�&�%),/��,%��������0�#�-#)*"��)�'(,'���)����#'�,�$#%���'����,0�%,'���)�'(��$�'�)'#,���.�;�<�'��0�����-�,��,�'����'��.��'�%�&�%),/��,%�-��#*)�$%�/�������#)�'�,-��.�0�#)*����-�,��,)��)*#)��%#)*�,),�+�#��'���������+"�;+��C$,)-#)*�'(���/�$���.�;�<�,$$�#/,'#�)��'��&�%),/��,%�0�#�-#)*���;�<�5#����),0���'(��$%���%&,'#�)��.����',#),0���.�,'�%�����0�--�-�#)�&�%),/��,%�$%�/�����"�F#%�'��'(��/�)/�$'�,��0,/@*%��)-��.�;�<�'�/()���*+�,��5����,��#'��%��,'#�)�'�����',#),0#�#'+�,%��$%���)'�-"�4(�)��'(��/�)/�$'�,)-�0,�#/�$%#)/#$�����.�&�%),/��,%�,%/(#'�/'�%��,%��-#�/����-"�4(����'(�-���*+�/(,$'�%�.����5��5(�%��'(��%���,%/(�.%,��5�%@�#����'�#)�-"�4(��)�C'�/(,$'�%�-��/%#0���'(��&�%),/��,%�0�#�-#)*�$%�/����,)-�'(��;�<G0,��-�,$$%�,/(��.�,),�+B#)*�'(���������0�#�-#)*���-��"��)�'(��-#�/���#�)���/'#�)��%���&,)'�/(,���)*���,)-��$$�%'�)#'#����0��%&�-�'(%��*(�'(��,),�+�#��,%����,0�%,'�-"�F#),��+��'(��/�)/���#�)����/'#�)�����,%#B���'(��.#)-#)*���.�'(#��%���,%/("�HI�JKLKM�NO�KPM�LQK�RSTS�U�

��V��
��
�W�����V
���
X�YVY���
�Z����[�4(��'�%��&�%),/��,%�,%/(#'�/'�%��5,��/�#)�-�'��-��/%#0���#�$����'%�/'�%���/��$���-��.�#)-#*�)�����,'�%#,���1��3"���%),/��,%�,%/(#'�/'�%���'#�#B���'%,-#'#�),��0�#�-#)*���'(�-��'��$%�-�/��&,%#����'+$����.�0�#�-#)*��1�\3"�4(��$��%,�#'+��.���/(�0�#�-#)*��-�%#&���.%���-#&�%�����/,��#-�)'#'#���,)-�/�)�'%�/'#�)�$%,/'#/���'(,'�(,&���&��&�-��&�%�'#���'(%��*(��C$�%#�)'#,��@)�5��-*�"�4(��'�%��]#-�)'#'+̂�#��,�0��)-��.�),'�%,��=��/(�,��/�#�,'��,)-�'�$�*%,$(+>��(��,)�=��/(�,����/#�'+�,)-�/����)#'+>�,)-�/��'�%,��.,/'�%��=��/(�,��/��'����,)-�%��#*#�)>�'(,'�-�.#)���'(��'%,-#'#�),��0�#�-#)*���'(�-��#)�,���/,��/�)'�C'�1�23"�



����

�����	
��
�
��
��������
��� � ���������������������� �!�"�

��#$%&��%#�%#&'()�&)�#��(��*��(+$�*�,-�.��.���/'��'%0��+%($�*�)%&()�1$�/��*+��2#����,��#0%)(�$���2�)'��$%)�#%���$0(#�$��$)"�3�&'�1$�/��*+��#��%)���)��)�&'$(&%���1(�����%0%(�%,����%)�#(%����&�$�)#�&)(�$�)�&'$(4�����%$*���&%��(*�$)()-"��$�%$�%))��.)�)��#��.�$*�)��)'��#%.(*�-�&'%$+($+�#�%�()-��0�#$%&��%#�%#&'()�&)�#��'%��,��$��0��0�*�)'#��+'�)#(%��%$*��##�#"�5'����()�(��,��(�0�*�)'%)�0�#$%&��%#�%#&'()�&)�#����,�*(���%�&��.#�'�$�(0��/(�*���%&&����%)�*�($�%���&%��&�$)�6)"���#$%&��%#�%#&'()�&)�#��(��%�0%��%,������#&���2�#�2�#�$&��2�#�,(�&�(�%)(&�*��(+$��2�,�(�*($+��7�89"�5'���%))�#�%(���)��.#�0(*��&�$*()(�$���2�)'�#�%��%$*�0(��%��&��2�#)���)(�(:($+�$%)�#%����&%��#����#&���;��&'�%����(���0�+�)%)(�$��%$*�/($*<"�=-���0�#%+($+�)'��($)�#%&)(�$��,�)/��$�)'��,�(�*($+�%$*�)'��$%)�#%���$0(#�$��$)���$�#+-�*��%$*��2�#�'�%)($+��&���($+�%$*��(+')($+��2�)'��,�(�*($+�&%$�,����*�#%)�*"�>�/�0�#��#���%#&'��'�/��)'%)�)'(��/%-��2�2��)�#($+����)%($%,(�()-��%-�$�)�%�/%-��,����22(&(�$)���.�&(%��-�($�#�+(�$���$*�#��6)#����/�%)'�#�7��9"�?%)�#%��%$*��&�$��(&��(�()%)(�$�����&'�%��)�.�+#%.'-��&�(�%)���%$*�%0%(�%,(�()-��2�,�(�*($+��%)�#(%���($�)'����##��$*($+�%#�%��%#��(�.���*��$�0�#$%&��%#�,�(�*($+�"��$�)'%)���$����0�#$%&��%#�%#&'()�&)�#��(��+#��$*�*�($�($'�#�$)�-����)%($%,���#�����/()'�)'��%(��)��2��2(��'��%$�$��*��/()'�#��.�&)�2�#�)'��&-&����2��(2��7�@��A���9"����#$%&��%#�.#�&������&%$�.#�0(*�����2���($�(+')��2�#�,���)($+�)'�����)%($%,(�()-��2�&�$)��.�#%#-�,�(�*($+�*��(+$�%$*�&�$�)#�&)(�$�7�!9"�B�##�$)��$0(#�$��$)%��&�$&�#$��C��)(2-�)'��($&#�%�($+�($)�#��)�($�0�#$%&��%#�%#&'()�&)�#���)�*(��"�>�$&���)'��$��*�)��.#���#0��)'�����)%($%,���.#($&(.����%$*�0%�������,�**�*�($�0�#$%&��%#�,�(�*($+��'%��,��$�'(+'�(+')�*�($�)'��#���%#&'�&����$()-�7�����9"��$�)'(��&�$)�6)��)'(���)�*-�/(���($0��)(+%)��)'��.�)�$)(%���2�=�D�)��*��(+$�%$*�%$%�-:��0�#$%&��%#�,�(�*($+�"�EFEF�GH���I��
���J�K���L�#($+�)'����A!���)'��)�$*�$&-�)���/()&'�)�����&)#�$(&�*#%/($+��,�&%����0(*�$)"�5'��%*0�$)��2�($2�#�%)(�$�%$*�&����$(&%)(�$�)�&'$���+-�%..�%#�*�)��'%0���(+$(2(&%$)��&�$��(&�%$*���&(%��(�.�(&%)(�$��7�M9"�3(���)%$�����-��*�0���.��$)��($�.#�+#%��($+��%$+�%+�����*�)��)'�����#+�$&���2�.%#%��)#(&�)�&'$���+(���)'%)��$%,��*�)'��*(+()%��#�.#���$)%)(�$��2�,�(�*($+��7��9"�N(0�$�)'��&��.��6()-��2�&�$�)#�&)(�$�.#�C�&)���)'��$��*�2�#�)'��%�)��%)(�$��2�)'��#���0%$)�.#�&������'%����#2%&�*"�O%#%��)#(&�*��(+$�)��������&'�%��=�D�)�&'$���+-��.�#&�(0��,�(�*($+������$)��%��*-$%�(&��-�)�����/'(&'�2�#��%�0%#(�)-��2���#.'���+(&%��#�.#���$)%)(�$����,C�&)�)��)#%$�2�#�%)(�$�"��$�)'%)���$�����$)(#���-�)�������&'�%��,�(�*($+���%#��&��.���*�,-����)(.���($)�#%&)($+���,�-�)����;��&'�%��,�%����&����$���%$*�.(.��<�/()'��$*�����.���(,(�()(���2�#�)'�(#�2�$&)(�$%��($)�##��%)(�$�'(.�"�P��%$�($)�+#%)�*�*(+()%��#�.#���$)%)(�$��2�)'��.'-�(&%��%$*�2�$&)(�$%��2�%)�#����2�%�,�(�*($+�7�@9��=�D�)�&'$���+-�(��%�)����2�#�%�)��%)(�$��2�)'��&�$�)#�&)(�$�.#�&����,�)�%����%���%$��2�#��.�&(%�(:%)(�$�)'%)�&�$)#(,�)���)��'(+'�#�.#�*�&)(0()-���0�����2�,�(�*($+��7�89"�=-�+%)'�#($+�%���($2�#�%)(�$�%,��)�%�,�(�*($+�($�%�&�$)#%����*����,�(�*($+�($2�#�%)(�$��%$%+���$)�.#�&������%#��2%&(�()%)�*"�5'��0%�(*()-��2�)'��&�$�)#�&)(�$��&'�*����(���$��#�*�,-���$()�#($+�#���0%$)�.#�&������7��9"�5(��Q#��%)�*�($2�#�%)(�$�(��#�+%#*�*�%��)'��2��#)'�*(��$�(�$�($�=�D�)�&'$���+-����.�/�#($+�*%)%��&'�*��($+�%$*���4��$)(%��0(��%�(:%)(�$��2�)'��,�(�*($+�R�*�0���.��$)"�B��)�&%�&��%)(�$��%#���2)�$�&�$�(*�#�*�)'��2(2)'�*(��$�(�$�($�=�D�)�&'$���+-���22�#($+�)'��.���(,(�()-�)���0%��%)��,�(�*($+��2#���%$��&�$��(&�.�($)��2�0(�/�7�A9"�=�(�*($+��(2�&-&���*%)%��($&��*($+��.�#%)(�$��%$�%�����%($)�$%$&��%$*��%$�2%&)�#�#�*%)%��&%$�,���%$%+�*��/'(������)%($%,(�()-�%$%�-����&%$�,��.�#2�#��*�%**($+���#��*(��$�(�$��)��=�D�)�&'$���+-�7��9"�



����

�����	
��
�
��
��������
��� � ���������������������� �!�"�

#$$�%&'()�*��+')'�'(�,-���*�-�"�./!0��*1����%��$���-2�%-*'3��-�4%�5�$*�'���*1����%��2�(�6'*��6%���7�+�-44�'$-*'�(��-%'��"�81����*-2�'�1��(*��6��4�(��*-(&-%&��'(�7�+�-44�'$-*'�(��'���94�$*�&�*��$-*-�:;��*1��-44�'$-*'�(��6�&'3�%���*:4����6�-(-�:�'��-(&�-$$���%-*��*1��-&�4*'�(��6�'((�3-*'�(��./�0"�<-*-��9$1-()��2�*=��(�7�+�*�$1(���)'����1���&�2���(1-($�&�*��&�3���4�$���-2�%-*'3���(3'%�(��(*�"�>�$1�-**��4*��-%���-&��*1%��)1�(�(?4%�4%'�*-%:�6'���6�%�-*�����$1�-��@%��(�7�'�&'()�A+B�C)2A+BD�-(&��(&��*%:�E��(&-*'�(�F�-�����C�EFD��=1'$1�-'��*��6-$'�'*-*��$��4-*'2'�'*:�2�*=��(�7�+���6*=-%��-44�'$-*'�(��./�0"�G�=�3�%�����6-%�*1�:�1-3��6-'��&�*��4%�3'&��-�6���:�$���-2�%-*'3���(3'%�(��(*�6�%�7�+�-44�'$-*'�(��.//0"�HIJI�K����
L�MNM���
�O�����
M�
N����
�81��$�($�4*��6����*-'(-2���$�(�*%�$*'�(���(*-'���*1���'('�';-*'�(��6��(3'%�(��(*-��6��*4%'(*��*1%��)1�*1���66'$'�(*������6�(-*�%-��%����%$������$'-��$�1��'�(�-(&�$��*?�66�$*'3��2�'�&'()���*1�&��*1-*����*�*1��%�P�'%���(*���6����%��./Q0"�F�(3�(*'�(-��&��')(���*1�&��1-3��6-'��&�*��&�3���4����*-'(-2���2�'�&'()�����6-%��-'(�:�&���*��6%-)��(*�&�&-*-�./�0"�@'3�(�*1���')('6'$-(*�'�4-$*��6�*1��$�(�*%�$*'�(���$*�%��(�*1���(3'%�(��(*��*1��(��&�6�%����*-'(-2'�'*:�'(*�)%-*'�(�'(�2�'�&'()��1-��%�$�(*�:�-**%-$*�&�-**�(*'�(�./R�/�0"�81��-�������(*��6����*-'(-2'�'*:�'(�2�'�&'()��&�%'()�*1��&��')(�41-���'��1-�4�%�&�2:�*1���-$,��6�&-*-�-(&��94�%*'���'(�*1��6'��&�./S0"�E�%*1�%��*1��$��4��9'*:��6�*1��2�'�&'()���$*�%�1'(&�%��*1��&�3���4��(*��6�-(�'(*�%(-*'�(-��:�$��4-%-2���'(3�(*�%:�6�%�*1��-44�'$-*'�(��6�B'6��F:$���#�������(*�CBF#D���*1�&��./�0"�<��4'*��'*��'��-*�%��6�%���7�+�*�$1(���):�1��&��4�*�(*'-��6�%��(1-($'()����*-'(-2'�'*:��3�%�*1���'6��$:$����6�-�2�'�&'()�.Q! Q�0"�>��*-'(-2'�'*:?%��-*�&�6-$*�%��$-(�2��'($�%4�%-*�&�'(�7�+���6*=-%���2�(�6'*'()�*1���(3'%�(��(*��*1���$�(��:��-(&���$'�*:"�#$$�%&'()�*��T%:)'���-(&�U'���.Q/0��7�+�*�$1(���):�$-(�2��'�4����(*�&�*��'�4%�3��$�%*-'(�-�4�$*���6����*-'(-2'�'*:�'(�2�'�&'()���*'�';'()����*'&'�$'4�'(-%:�&-*-"�81����-�4�$*��'($��&��-(-�:����%��-*�&�*��2�'�&'()��%'�(*-*'�(���(�%):�4�%6�%�-($���-(&����*-'(-2����-*�%'-����=1'$1�$-(���-&�*��$��*��-3'()��-(&��(3'%�(��(*-��)-'(�"�F�(�'&�%'()�*1��$���-2�%-*'3��-�4�$*��6�7�+�*�$1(���):��&')'*-��'(6�%�-*'�(�-���$'-*�&�='*1����*-'(-2'�'*:�$-(�2���1-%�&��-&3-($'()�*1��6'��&��6�,(�=��&)��$����(��.QQ0"��(�*1-*���(����'((�3-*'�(�'��6��*�%�&��=1'���3'��-�';-*'�(��(-2����*1���()-)���(*��6�(�(?�94�%*��'(�*1��&��')(�4%�$���"�+�%��3�%��7�+�&��')(��$��4%'���'(*�%$1-()�-2�����&��-%��('*��*1-*�$�%%��4�(&�*��2�'�&'()�$��4�(�(*����($��%-)'()�%�3�%�'2'�'*:�-(&�%�4�-$���(*��6�$��4�(�(*�"�#�*1��)1�7�+�*�$1(���):�&����(�*�4%�3'&��-�$��4%�1�(�'3���'6�?$:$����-(-)���(*��6��(3'%�(��(*-�����*-'(-2'�'*:��6�2�'�&'()���'*�1-��2��(�-44�'�&�'(�*1���-%�:�&��')(�-(&�$�(�*%�$*'�(�.Q!0"�>��*-'(-2'�'*:�-(-�:����$-(�2��4�%6�%��&�*1%��)1��9*�%(-���3-��-*'�(�*�����-(&�$���&?2-��&�*�$1(���)'��"�E�%*1�%���(�'(���4�(�'(3�(*�%'���$-(�2�����&�*���3-��-*��-�*�%(-*'3��&��')(��4*'�(���=1'$1�$�%%��4�(&�*��&'66�%�(*��(�%):��66'$'�($:���3����./S0"�>�$1�4�-*6�%���6��*�%�$���-2�%-*'�(�-��()�*1��4-%*'$'4-(*��$�($�%('()�*1��&�$'�'�(��-,'()�4%�$�������6�$�(�*%�$*'�(�4%�5�$*��3'-��1-%�&���&���"�<��4'*��*1��4�*�(*'-���6�7�+�*��4%���*�����*-'(-2'�'*:��*1��%��'�*-($���6�%���3-(*�4-%*'���*��$1-()��$�(3�(*'�(-��4%-$*'$���-(&�'(3��*�'(���6*=-%��-(&��,'����&�3���4��(*�4%�3�(*��*1��'�4����(*-*'�(��6�7�+�*��'*��6�����*�$-4-2'�'*:"�E�%*1�%��'(*�%�4�%-2'�'*:�'�������1���&�2��-&&%����&�*��4%���*��$���-2�%-*'�(�-(&�-$$�%-*��-(-�:����*1%��)1�7�+�*�$1(���):�.Q!�Q�0"�U�*='*1�*-(&'()���$1��'�'*-*'�(���4��'*'$-����-��%���6��*�%�*1��'�4����(*-*'�(��6�7�+�*�$1(���):�'(�$�(�*%�$*'�(���'($%�-�'()�'*��'�4-$*��(�2�'�&'()�&��')(�.QR0"�



����

�����	
��
�
��
��������
��� � ���������������������� �!�"�

#$�%&'()*&+,�&-.�/('01.,��2��34�3�5���5�46�7897�6�:��;��<��=>�:5�����:7�?��@�32?:��?3�=�8�4829���57��A�B��:��6�5����?24�57�83�825�33��?58�2�78;�C857���:8�56��82@��589?58�2��82����58D48��2�8�2?��C?6��?3��2��4�4"�E�3�578��3�?��2��57��:?����5�46�?;;3�?:7�C?�����4��82:��85�?���C��57��82@��589?58�2��F�;7�2���2?�F3���48@�3���?�;�:5��GH�I"�E�357�3��85��2?=����?2�82D4�;57��<?�82?58�2��F��829���:?����GHJI"��K7���;�:8F8:�:?����5�46�C?������:5�4�=�:?����85�3�;3���25��?�48�582:58@��56;���F�@�32?:��?3�=�8�4829�57?5��2:��;?������;�:8?��?3:785�:5�3?��F�?5�3����?��4��:38=�4�82�57��F����C829���:58�2"�K78��?39���25�C?��?����3�82F�3:�4�@8?�5��58��28����F�57��825�3@8�C���"�A6�82@��589?5829���:7�?�:��;��<�=�8�4829�F3���?2�?3:785�:5�3?��?�;�:5��85�8���<;�:5�4�57?5�57��:7?���29���?24��;;�35�2858����F�A�B�5�:72���96�F�3�4��892829�@�32?:��?3�=�8�4829��C8���=�:������3���@84�25�GH�I"�E�357�3�����5��5�48����2�@�32?:��?3�?3:785�:5�3��F�:����2�7�������C78���3�:�25��5�48���8248:?5��57��2�:���856�5��82@��589?5��;�=�8:�=�8�4829��?��C����G��I"�K7��3���?3:7�F3?��C�3L��F�578���5�46�8��8����53?5�4�82�E89�3���"�E83�5��57��38����2�A�B�5�:72���96�C�3���5�48�4��?��C����?��3���@?25��85�3?5�3���2�57��:�22�:58�2��F�A�B�C857����5?82?=8�856"�K7��:�2:�;5�?24�;382:8;�����F�@�32?:��?3�?3:785�:5�3��F����C�4"�K7��:?����F�M?@�����3���8���������C?��57�2�?2?�6N�4����?=�3?5829��2�57��?;;3�?:7�5?L�2�=6�57��:3�?5�3��F�57���������5��:�2�53�:5�57��=�8�4829"�O�=�5������?����8D�53�:5�3�4�825�3@8�C�C857�57��:�33�25��C2�3��F�57���������?24����8D�53�:5�3�4�825�3@8�C��C857���:?��=�8�4�3���F�57��C84�3�?3�?�5��L�;�?:�"�K7��?8���F�57��825�3@8�C�C857�57���C2�3��F�57���������C?��5���=5?82�57��3�P�83�4�82F�3�?58�2�F�3�57��:?����5�46��C78���57��825�3@8�C��C857���:?��=�8�4�3���7�4��8975��2���:?��=�8�4829�;3?:58:���?24�@�32?:��?3�;3�:�������F�57��C84�3�?3�?"�O�=�5�����82:��4�4�4?5?�9?57�3�4�F3����2�82��;�?5F�3����48�:���8�2���:58�2��?24�57���FF8:8?��C�=�85���F�57���������GQ!I�?��C����?����?8��:����28:?58�2��C857�A�B��<;�35�"�
�R*ST)(�U$�V:7��?58:�3�;3���25?58�2��F�57��3���?3:7�F3?��C�3L"��



����

�����	
��
�
��
��������
��� � ������������������������ �!�

"#��$%&�'($�)�)$&#�&#��*�''�%&��)%�'��+�&#���������),���&'�*&�'�-�,'��%-�*�'��.���&$�%��&#,&�,&&��/&�-�&���%�$0#&�%�-,&,�'�0,'-$%0�&#��*�''�%&��&,&���+�&#����������-�&,$���,1��&��&#�'�*�%&'$1�&$�%��&��$&��-�(���/��%&��&#���,$%�-��$'���,%-�0�,����+�&#��*'�,&�'��+�&#����������,��)����,��'���(,%&�*#,���%0���,%-�1,''$�'��&��/'�0'���!�"#��$%&�'($�)�&��2�/�,*���%��$&���,���)$%0�+�'��1��'(,&$�%���+�&#��1�$�-$%0!�3$%����*,��1�$�-�'��,0�-�1�&)��%�45�&��� �6�,'����-�/,'&$*$/,&�-�$%�&#��$%&�'($�)�!�7��&��+�&#��$%&�'($�)����#,-�/'�($����6�/,'&$*$/,&�-�$%�&#��*�%�&'�*&$�%�/'�*�����+�,�(�'%,*��,'�1�$�-$%0��)#$*#�),�����,��6�&#�$'�/'$(,&��#������'�#������+�,�'��,&$(���+�&#�$'��$%�&#��)$-�'�,'�,��+���,%%$%,�*$&6!��%�&�'����+�&#�$'��8/�'&$����,����+�&#��$%&�'($�)����)�'��+,'��'�!�"#��.���&$�%��'�(��(�-�,'��%-�&#�$'��8/�'$�%*���+�/,'&$*$/,&$%0�$%�&#��(�'%,*��,'�/'�*����,%-�&#���%&,$��-�*#,���%0���,%-��//�'&�%$&$��!�"#��,//�$*,&$�%��+�9�7�&�*#%���06�+����)�-�&��$����$%,&��&#���$�$&,&$�%��,%-�,-(,%&,0����+�9�7���+&),'��+�'�&#��-��$0%�,%-�,%,�6�$���+�(�'%,*��,'�1�$�-$%0�!��%�&#$���&�-6��,��/�*$+$*�9�7���+&),'��:$!�!��;�&�-��2�<�($&�;'*#$&�*&�'�=�),��$�/����%&�-�+�'�&#��,'*#$&�*&�',��-��$0%��+�,�(�'%,*��,'��������1�$�-$%0���-��!�>�'&#�'��,%��%�'06�,%,�6�$��&����$%*��-�-�$%�&#����+&),'��/,*2,0��:$!�!��<�($&�?�%*�/&�,��@%�'06�;%,�6�$�A?@;=�),��,//�$�-!�"#��'����&��)�'��*��/,'�-�)$&#�&#��,*&�,��-,&,��+�&#��1�$�-$%0B��/�'+�'�,%*��,(,$�,1���&#'��0#�&��&$��%$����+�&#���)%�'��+�&#��������!�"#��$%+�'�,&$�%�%��-�-�+�'�&#��9�7���-����$%*��-$%0�0����&'$*,��,%-�&�/���0$*,��-,&,��-�'$(�-�+'���&#��-��$0%�-',)$%0���+�&#����������%,'',&$(����+�&#���)%�'��,��)����,��$%+�'�,&$�%�/'�($-�-�16�&#��*'�,&�'�,&�&#��)�1�$&���+�&#��������!�CD�EFG�HIJG�KL�MINOKJ�PQGOORJ�STJGTS�KL�UIV�GLLRWRGJ�XYZY�[
�\����
���\�]�̂
��
\���
]�
_����
�̀
���]]��%��$%��)$&#�&#��/'$%*$/�����+�(�'%,*��,'�,'*#$&�*&�'���&#��1�$�-$%0���+�&#��,'�,��%-�'��&�-6�,'���,-���+���*,���&�%���:���,��6���+&��%���-=��)��-�,%-���-!�a$�����&',)��1'$*2��:+'�.��%&�6���%A1,2�-=��/�'*��,$%��$'�%��0�,���,%-��,%-�,'��,�������-!�7��&��+�&#�����,&�'$,���,'���%($'�%��%&,��6�+'$�%-�6��$%*��&#�6�*����+'���&#����''��%-$%0��%($'�%��%&�,%-�&#�6�-��%�&�'�.�$'��#$0#�&',%�/�'&�*��&���'��,&�'$,��/'�*���$%0!�b$(�%�&#���&��/����/����'�*26�&�'',$%�,%-���(�'��)$%&�'���+�&#��)$-�'�'�0$�%��+�@/$'���:b'��*�=��/��/���#,-�&��*��/'��$���)$&#�*�%�&',$%&����&�16�%,&�'��,%-�&�*#%�A�*�%��$*�*�%-$&$�%�!�"#����&�*#%�A�*�%��$*��$�$&,&$�%��$�/���-�,�*�'&,$%�-�0'����+��&,%-,'-$c,&$�%��%�&#��*�%�&'�*&$�%��+�&#��1�$�-$%0��$%�&�'����+�,(,$�,1����,&�'$,���,%-�&#�$'�/'�*���$%0�,1$�$&6!�;&�&#���,���&$����&#��,**����,&�-���/$'$*,��)$�-���,%-���*,��2%�)��-0���8*#,%0��/',*&$*���+,*$�$&,&�-�&#��-�(���/��%&��+�$%(�%&$(��1�$�-$%0�����&$�%��,0,$%�&�/#6�$*,���&'���������*#�,���,'&#.�,2���,%-��,%-��$-��!�<�0,'-$%0�&#��1�$�-$%0��&'�*&�'���+�&#�����������&�%��),����,'��&#$*2��%��0#�&��$%���,&��&#��1�$�-$%0!�"#��)$%-�)���+�&#���������,'��+�)�,%-���,���/�,*�-�,&�&#����)�'���(�����+�&#��0'��%-�+���'�+�'��,+�&6�'�,��%�!��%�&#���//�'�+���'��)$%-�)��,'���/,*$����&���%��'��(�%&$�,&$�%!�d%�&#�����&#��$-����/�%$%0��,'���,'0��+�'��&�'$%0����,'�',-$,&$�%!�"#��'$�$%0�#�&�,$'�$��*�%*�%&',&�-�,&�&#��'��+���(���,%-��8$&��&#'��0#��26�$0#&�!�>$'�/�,*���,%-�*#$�%�6��)�'��������+�&#�����&���,1�',&�������%&���+�&#��������!�?',+&���%�*��/���-�,�(,'$�&6��+�-�*�',&$(��(�������,%-�+�'���$%�&#��1�$�-$%0��&'�*&�'��,��,%�$%-$*,&$�%��+�)�,�&#�,%-���8�'6!�?#$�%�6��)�'�����-�&��*'�,&��,�(�'&$*,���&'�,���+�,$'�&#,&�*�%&'$1�&���&��&#��*���$%0��+�&#���/,*�!�d%�&#�����&#��$-���&'����)�'��/�,%&�-�&��/'�($-��*���%����$%������'��)#$���$%�)$%&�'�&#�6�



����

�����	
��
�
��
��������
��� � ���������������������� �!�"�

�������#$����#���%&'(�)*����'+��,#-��)���')�,�)*��.�&�/&'("�0�,)*�,��*#/&'(�%#��1,�$&/�/�.-�)*��.,�%'�2�$�,���3�)*��%&'/�%��.-�3&�)�,&'(���)�)*����'�&(*)"��'�#//&)&�'��)*����,,��'/&'(�$�(�)#)&�'�2�'),&.�)�/�)��)*���*#/&'(����'�1,�)�2)&�'�#'/�&'���#)&�'�2#1#2&)-��3�)*��������"�4#$�����,���&���)*��2,�#)�,��3�)*����������%#��&'�1&,�/�.-���2#��),#/&)&�'#���#'�&�'�"�0&,�)��*���#&/���)�,�#/��#'/��5�#,���)*#)���#/�$&�&)�,��)��)*��.�&�/&'("�6��)��7��1�2&#��2#,��)��*#,��'&8��)*��.�&�/&'(�%&)*�)*��*#,�*�'#)�,#���'$&,�'��')"�9#,(��,�27��#'/�,�..���)#7�'�3,����:2#$#)&�'��%�,�����/�)��2,�#)��,�)#&'&'(�%#����#'/��)#.&�&8���)��1����1��"�;*��1,�2���&'(��3�)*���#)�,&#���%#��7�1)��&�1�����)&�&8&'(�1*-�&2#��1,�2������#'/�'#)�,#��,����,2������2*�#��)*����'�#'/�%#)�,"�0�,��:#�1����)���#7��)*��,�27���3�)*��(#,/�'����7�'#)�,#���)*�-�%�,����3)�)%��%&')�,��)��.��%#�*�/�#%#-�3,���)*��,#&'�#'/�&2��#'/�%�,��%,#11�/�%&)*�3&'��3��&/�2���')"�
�<=>?@A�BC�4#$�����,���&����������3�%#:��33&(&��"�;��(,#�1�)*��$�������3�)*����������)*��2,�#)�,�.�&�)��#5��))����3�.�)*�)*���:)�,&�,�#'/�)*��&')�,&�,��1#2�"�;��&�����)*��.�&�/&'(�1�,�&)����2#��2��')�,1#,)���'/�,)��7�)*��1�#''&'(�1,�2�/�,���#'/�)*��2,�#)&�'��3��&'�#,�/,#%&'(�"�D�2&�&�'��,�(#,/&'(�)*��.�&�/&'(+���,&�')#)&�'��)*������2)&�'��3�1,�1�,��#)�,&#����#'/�)*���),�2)�,#��.�*#$&�,��3�)*��.�&�/&'(�%�,��)#7�'�)*,��(*�7'�%��/(���:2*#'(��1,#2)&2��"�E�'�&/�,&'(�)*#)�)*���������2��')���F�-�#,���3��1�,#)&�'��)*��2�,,�')��%'�,��3�2����'���'&)�,&'(�#'/��#&')#&'&'(�)*��.�&�/&'(��1,���,$&'(�&)���,&(&'#��)-1���(-�#'/���,1*���(-"�;*��3&,�)�&')�,$�')&�'��'�)*��.�&�/&'(�)��7�1�#2��&'��!!��%*�'��&('&3&2#')��1�,#)&�'#��1,�.�����#11�#,�/��'�)*��,��3��%*&����1�2&#�&�)��%�,��2���&��&�'�/��#)�,�)��,�1�#2��������3�)*��%&'/�%��)��,�/�2���'�,(-�������"�GHIH��
�J�����K
���L�M�N
��
L��
�
NO��
��OM�M��J
�KNJ�P���;*��#,2*&)�2)�,#��/��&('��3�)*���������.�&�/&'(�%#����/���/�&'�Q�$&)�R,2*&)�2)�,����3)%#,���3�R�)�/��7��%*&���Q�$&)�ESR�%#��&�1����')�/�)��2�'$�,)�)*��#,2*&)�2)�,#��/��&('�&')��#'��'�,(-�#'#�-)&2#����/��"�T�2*�#���/���1,�$&/���)*����#'��3�,�#'�&')�(,#)�/��'�,(-�#'#�-�&�"�;*���������2�'�&�)���3�)%����1#,#)��.�&�/&'(�U�)*��(,��'/�3���,��%*&2*�*��)��)*���&.,#,-�#'/�)*���#.�,#)�,-��#'/�#'��'/�,(,��'/��1#2���%*�,��)*���:*&.&)��#,��1�#2�/"�D���)��)*��2��1��:&)-�#'/�2#$�V�&7���*#1���3�)*���'/�,(,��'/��1#2����'�-�)*��(,��'/�3���,��3�)*����������1#2��%#��#'#�-8�/"�;��



����

������	
��
	��	��������	��� � ������������������������ �!�

"�#$"%&�&'���%(�$)$��%(��#*+���(",�$���*����#&"�%���'���(�-���*(��+�%�"(�$"%)�&'���*+.��/�$���,*%&�&�+'%���)"+*���0�"#��%&����+'�*���*��$��+*%%"%)!�1"$�&��&'��*$+'"&�+&�$*��(��")%��/�&'��-�"�("%)�2*��+$�*&�(!�3/&�$���&*-�"�'"%)�&'����+*&"�%��/�&'��#$�4�+&��"%+��("%)�"&����%)"&�(��*%(��*&"&�(���&'��+$�*&"�%��/�5/*�"�"��6�&��.�#�*+�!�7'"��&�$��$�/�$��&��&'��*-"�"&8��/�*%��-4�+&�&��'*,���*%8�&8#���2"&'"%�"&����&'*&�(",�$����"9���*%(��'*#���*$��+$�*&�(��*��&'��(�/"%"&"�%��/�#*$*��&$"+�(��")%��&"#��*&��!�1*�"�"���2�$��$�*�"9�(�("$�+&�8�"%&��&'����(����$�2�$����("/"�(���#*$*&��8�*%(���#��8�(�-*��(��%�&'��$�0�"$���%&���/��*+'�-�"�("%)�+��#�%�%&!��%�&'"��2*8��/��:"-"�"&8�2*��*((�(�&��&'����/&2*$��-8�#�$��%*�"9"%)��-4�+&���/�*�+*&�)�$8�*++�$("%)�&��&'��$���,*%&�%��(�!�1�$��:*�#����/���$�#$�4�+&"�%��*$����/$���&'��+��#��"&"�%��/�("//�$�%&������%&��&'*&�-���%)�&��&'��52*����2��#�/*�"�86!�7'��#$�&$�("%)�,��������/�&'��/���$�*&�&'��+�$%�$���/�&'��-�"�("%)�*$����##�$&�(�,"*�2��(�%�+��#�%�%&���2'"+'�+$�*&��(�+�$*&",��#*%���!�7'����+��#�%�%&��2�$����(����(�"%�;�,"&�*���&$�+&�$*��/$*�"%)������%&�!�
�<3=� <>=�?@ABCD�EF�G&$�+&�$*��/$*�"%)������%&���/�&'��������!�<3=�;�*��-�"�("%)��<>=�>�H���(��!�7'���������-�"�("%)�$�&*"%���#�+"*����+*��*$+'"&�+&�$*�������%&��&'*&�*���2�/�$�&'���:#��$*&"�%��/�&'��/��:"-"�"&8��/�>�H�&�+'%���)8!�G�+'������%&��"%+��(��+'"�%�8��*%(��.8�")'&��*&�&'��+�%&$*��#*$&��/�&'��-�"�("%)!�3������:&�%(�(�#�$&"�%���/�&'��$��/�*&�&'��#�$"��&�$�2*����*$��/�$��(�&��/*+"�"&*&��&'��/��2��/�$*"%2*&�$�("$�+&�8�&��&'��)$��%(!�H��&��/�&'���������%&��$����&�(�/$���&'��&$*%�/�$�*&"�%��/��:"�&"%)�/*�"�"���&'*&�2�$��#$�#�$�8���("/"�(�&���"���*&��&'��$�*��-�"�("%)�+��#�%�%&�!�7'�%��&'���%�$)8�*%*�8�"���/�&'��-�"�("%)�/����2�(!�3%��%�$)8�*%*�8&"+*����(���2*��+$�*&�(�-8���$&"%)�&'��-�"�("%)��#*+��"%&��("�+$�&���#*+��!�7'��*%*�8�"��*"��(�&��/�$�+*�&��%�$)8�+�%���#&"�%���,�����/�&'��-�"�("%)�(�$"%)�&'���&*)����/�&'��+�%�&$�+&"�%�*%(��#�$*&"�%!�3&�&'���*���&"����"&�&��.�"%&��*++��%&�+�$&*"%�+'*$*+&�$"�&"+���/�&'��-�"�("%)����+'�*��"&��&8#����#�%"%)�'��$���*%(���+*&"�%!�7'����(���2*��*�����"%.�(�&��&'��)���#*&"*��2�$�(�&'$��)'�*%��%�"%���*##"%)��8�&��!�7'��$����&���/�&'��*%*�8�"���%*-���&'���,*��*&"�%��/�*�&�$%*&",���+�%*$"���/�$��%�$)8��//"+"�%+8!�7'�8�"%+��(��+*$-�%�("�:"(����"��"�%������+&$"+"&8�+��&���*%(��%�$)8�+�%���#&"�%�$*&����%�*%�*%%�*��*%(�*���%&'�8�-*�"��<����3##�%(":=!�H�%&'�8�'�*&"%)�*%(�+���"%)���*(��*$��+*�+��*&�(��"%("+*&"%)�&'����%&'��2"&'�&'���*$)��&�(��*%(�/�$�'�*&"%)�*%(�+���"%)�<"!�!��I*%�*$8�*%(�I��8�$��#�+&",��8=!�3�����)$*#'"+*��$�#$���%&*&"�%���/�2"%(��#��(�*%(�("$�+&"�%�(*&*�*$���//�$�(��/*+"�"&*&"%)�(�+"�"�%��/�$�%*&�$*��,�%&"�*&"�%!��



����

������	
��
	��	��������	��� � ���������������������� ���!�

"#����$�%&%'%&(��)��*+#�,�%�-%$.������$&�&��&#��&�&*���$�/.(�0�/)�/�*$+���)�&#��,�%�-%$.�%���#�1$�%$�&#��23�&�$&%*��4$�/.(�5*'%$.�6������7�&*,!�"#��,�%�-%$.������$&��1%&#�&#��./�*&��&�0�&�$&%*��)�/��$�/.(��*'%$.��*/���%�&�-��$�&�0!�"#��,*/��%8��%$-%+*&���&#���$�/.(9�*'%$.�0�&�$&%*���)�&#���0�+%)%+������$&!�"#�/�)�/���*�+#*$.��%$������$&��1%&#��*/.��,*/��%8���+*$�#*'��*��*:�/�%�0*+&��$�&#���$�/.(�0�/)�/�*$+���)�&#��,�%�-%$.!�
�;<=� ;>=�?@ABCD�EF�</+#%&�+&�/*��-��%.$��)��0�+%*�������$&�!�;<=�G#%�$�(��;>=�5H(�%.#&!�I����1%$.�&#��/����&���)�&#��G4<��/��)�%$���*&%�$�#*��&#�����&��%.$%)%+*$&�%$)���$+���$�&#���$�/.(������)�&#���������,�%�-%$.��*��%$-%+*&�-�%$�I%.�/��J!��$�0*/&%+��*/��*�+#*$.��%$�&#��/��)�%$���*&%�$������$&�#*��&#��0�&�$&%*��&��+�$&/%,�&��&��&#���$�/.(��*'%$.���)�&#��,�%�-%$.�,(��KL�*00/�M%�*&��(!�N*���%$���*&%�$�%��*$�&#�/���$�%&%'��,�%�-%$.������$&�)/���*$��$�/.(�0�%$&��)�'%�1!�

�?@ABCD�OF�4$�/.(���$�%&%'%&(��)�&#��,�%�-%$.������$&�!�



����

�����	
��
�
��
��������
��� � ���������������������� ���!�

"�#�$�%&'���()�%*'�*����+�����,�$��%�',�%$�-.��/�/'*.)�*�������'$��0�.�$&���-$/�*��,��/('�*',��*'*(���'$��0�+�/�,/'(�!�1&��%.�*$/�'��0�-&�$�.�*�/�$/%���,����2/*��'�/'����.2/%���$��3�-�*%��$��2/��*��)�$��$�$&��/'$�(.*$/�'��0�$&���������+�/�,/'(�/'$��$&����..��',/'(�*.�*�*��,�-/%$�,�/'�4/(�.��5!�4/'*��)�����*.�*',��&*,/'(��$�,/���%*'�+��%�',�%$�,��$/�/6/'(�.�-.���'$*$/�'���0�$&����'�-*$&!�
�789� 7"9�:;<=>?�@A�B&�$�.�*�/�$/%���,����0�$&���������789!�C�'�-*$&�.�-.���'$*$/�'�7"9!�DA�E?F=GHF�IJK�K;FL=FF;MJ�1&���/���*$/�'��0�$&���������+�/�,/'(�/'�N�2/$�2�./0/�,�%�.$*/'�*,2*'$*(����0�"�#�$�%&'���()!�8��'(�$&����$&��2/��*�/6*$/�'��0�$&��+�/�,/'(�-.�%�����$&���'&*'%���'$��0��*0�$)���2�����*',�$&��-.�,/%$*+/�/$)��0�0�$�.��0*/��.���*.����'$/�'�,!�O�'�/,�./'(�$&��/'*%%���/+/�/$)��0�$&��*.�*�P&�.��$&���������P*��+�/�$��$&�������0�"�#�$�%&'���()�/��-*.$/%��*.�)�/�-�.$*'$�0�.��*0�$)�.�*��'�!�")�%.�*$/'(�*�"�#���,����$��$��*',�*--�/%*$/�'��%*'�$*3��-�*%��P/$&/'�"�#���0$P*.����*2/'(�%�'�$.�%$/�'�$/���*',��00�.$!�1&.��(&�"�#�$�%&'���()��$&��+�/�,/'(�%*'�+��,�%��-���,�/'$�������'$���P&/%&�%*'�+��*'*�)6�,�/',�-�',�'$�)!��'�$&/��P*)��$&��.���*.%&�.�%*'�0�%����'�-*.$/%��*.������'$��*',�-�.0�.���'Q,��*',��/���*$/�'�!��'�$&/��%*����$�,)��$&��0�'%$/�'*�/$)�*',��00�%$/2�'�����0�$&���'�.()�*'*�)�/����0$P*.��P�.��$��$�,�+*��,��'�$&��%�..�'$��$*$���0�$&���������+�/�,/'(�*',�$&��/'$�.2�'$/�'��/�-����'$�,�$&�.�/'!�1&���/���*$/�'�.����$���0�$&���'�.()���,���*--�*.�,�$��+��.�-.���'$*$/2���0�$&��.�*���/$�*$/�'!�")�%�',�%$/'(�$&/��*'*�)�/���%��$�.�,�%$/�'��%*'�-�$�'$/*��)�+��*%&/�2�,�*��%�.$*/'�0*/��.���$&*$����.(�,�/'�$&��+�/�,/'(�%���,�&*2��+��'�-.�,/%$�,�$&.��(&�-.�-�.�*%$/�'��*',��$&����*2�/,�,!�R�P�2�.��$&���S*%$�$/���P&�'�$&��0*/��.���P/���$*3��-�*%���.�$&��P*)�/'�P&/%&��-�%/0/%�+�/�,/'(�%��-�'�'$��'��,�$��+����,/0/�,�$��*2�/,�0*/��.���%���,�'�$�+���-�%/0/�,�$&.��(&�$&/��*'*�)�/�!�"*��,��'�$&/���$�,)��$&��*,2*'$*(����0�"�#�%�..��*$��P/$&�$&��,�0/'/$/�'��0�$&��-*.*��$�.�/$���0!�T/2�'�$&*$�+�/�,/'(��*.��,)'*�/%��'$/$/���%�'0.�'$�,�P/$&�2*.)/'(�%�',/$/�'���$&�/.�*+/�/$)�$��&*',���,/2�.����/$�*$/�'��/��'�%���*.)!�8�$&��(&�$&��.�$/%*��,��%./-$/�'���0�-*.*��$./%�.��*$/�'�&/-��*���P�0�.�/'0/'/$��%&*'(���/'��&*-��*',�0�.���-*.*��$�./6�,���,�����-�.*$���'�0/S�,�.������.�,�%/'(�$&���*',���0��+U�%$��$���/'/�*��-*.*��$�.�!�1&����-*.*��$�.���S-�/%/$�)�,��%./+��$&��/'$�.'*��.��*$/�'�&/-��+�$P��'�+�/�,/'(�%��-�'�'$�����$&*$�$&����0$P*.��%*'��',�.�$*',�.���2*'$�0�'%$/�'�!�1&/��0*%$��/�/$��$��������S$�'$�$&��%*-*+/�/$)�$��%.�*$��%��-��S�+�/�,/'(������'$��P/$&��$�.��$./%$/�'��/�-���,�+)�"�#�$�%&'���()�V��W!�1&����*�3/',��0��$*',*.,/6*$/�'�/'�%�'�$.�%$/�'����.(���,���$��$&��-*.*��$./%�'*$�.���0�"�#�$�%&'���()!��



����

������	
��
	��	��������	��� � ���������������������� ���!�

"�#$�%#&#'�(�%#)$��)%�*��&'#�*�(���+��#,���)$-�(�%#)$��)%�.�&�*&#'�&��./�*�0&#&,&�#��#&1���)#*�&��*��&'#�*�)����$-!�"�#��1��#,�/��,-�%��&���&,,����,)#*)%*&2),&�#�&#�.�&�*&#'�*��&'#��0�(�%#)$��)%�$��+�#�#,��)#*�#�3�$-�&$���#��*�,��.���)*��0�%��)$-��&,�),&�#!�4-��$�#�,%�$,&�#��0�,-��)%$-&,�$,�%)��)#*��#�%'/���*����0�,-���������+%�(�*�,��.��)�$��+��5�)#*�,&��6$�#���&#'�+%�$����&#�,-&���,�*/!��,�3)���0,�#�#�$���)%/�,��*�+)%,�0%���,-�����)����*��&#'�&#�7�(&,�./�$%�),&#'�#�3�0)�&�&���,-),�+%�$&���/�%�+%���#,�,-��.�&�*&#'������#,���0�,-��������!�8��&*����-&'-���(�����0�0)�&�&)%&,/�3&,-�8�9���0,3)%��3�%��%�1�&%�*��)��3����)��$�#�,)#,�$����#&$),&�#�3&,-��5+�%&�#$�*����%�!�:&(�#�,-��$��+��5&,/��0�(�%#)$��)%�.�&�*&#'���,-��$%�),&�#��0��&���),&�#���*����&��$-)���#'&#'��&#$��$�#,%)*&$,�%/�0)$,�%��#��*�,��.��.)�)#$�*!�;#�,-���#��-)#*��,-����*���-)��,��.��<�+,��&�+����#��'-�����,-),�&,�$)#�.���)�&�/�*��&'#�*�)#*�$�#�,%�$,�*!�;#�,-���,-�%��&,�-)��,��.��$��+��5��#��'-�,��.��).���,��%�+%���#,�)��)$$�%),��/�)��+���&.���,-��.��#*��0�0)$,�%��,-),�$��+����)�(�%#)$��)%�.�&�*&#'!�4-��&#&,&)��*&%�$,&�#��0�,-&��%���)%$-�3)��,��$%�),��)�8�9���*����0�,-���#,&%��������!�=�3�(�%��*���,��,-���-��%�$��+��5&,/��0�,-&��$)(�6�&<���+)$��)#*�,-���)$<��0�,�$-#���'&$)����)#���&,�3)��&�+���&.���,��&�+%&#,�,-&���+)$�!�>+�$&0&$)��/��,-�%��3�%��#�����&6)�,��),�*�,��������*����$-�)���)��%��$)##&#'��,��+%�(&*��)$$�%),��)�6.�&�,�8�9�*),)��0�,-���#*�%'%��#*��+)$�!�8��&*����&,�&��,/+&$)��,-),�,-��$%�),�%�.�&�,�,-&���+)$��./�0����3&#'�,-��'����%+-���'/�)#*�,�%%)&#��0�,-��)%�)�3&,-��,�.�&#'�).���,��$�#0�%��,��*��&'#�+�)#�!�=)(&#'�.��#�*�(���+�*�0�%���*�%#�$�#�,%�$,&�#���)&#�/��8�9���0,3)%��+%���#,���&�&,),&�#��3-�#�)++�&�*�,��,-��*��&'#��0�$��+��5������#,���0�(�%#)$��)%�.�&�*&#'�!�8��&*����.�&�*&#'������#,���0�(�%#)$��)%�.�&�*&#'�����,�.��*/#)�&$��#,&,&���,��.��).���,��%�0��$,�,-���(��(&#'�$��,�%)����$�#��&$��)#*��#(&%�#��#,)��0�),�%����0�)���$)����$&�,/!�4��,-&���#*��,-�������0��+�#6���%$��,��+�),���$���*�0)$&�&,),��,-��$�*&0&$),&�#�)#*��-)%&#'��0�+)%)��,�%&2�*��.?�$,��&.%)%&��!�4-��*�(���+��#,��0�.�&�*&#'�$��+�#�#,��&#�)��-)%�*�*),).)���3���*���)*�,��,-��&#,�'%),&�#��0�,-��$�#�,%�$,&�#�&#*��,%/�./�$%�),&#'�$����#�$����#&$),&�#�+%�,�$���!�@�%,-�%��,��+%�*�$��)�0)&,-0���%�+%���#,),&�#��0�(�%#)$��)%�.�&�*&#'���$)%�0���$�#�&*�%),&�#����,�.��'&(�#�,��+%�$&���/�)��&'#�,-�������#,���0�,-����*���,��,-��)$,�)��.�&�*&#'�$��+�#�#,�!�A)%)��,%&$�*��&'#�,-%��'-�8�9��#).����)*)+,).&�&,/�)#*�*&(�%�&,/��0)$&�&,),&#'�,-���#$�*&#'��0�,-��,)$&,�<#�3��*'����.�*&�*�&#�(�%#)$��)%�.�&�*&#'�!�=�3�(�%��,-��)#)�/�&��*&�%�')%*�*�,-��%�����0��#(&%�#��#,6%��),�*������#,�����$-�)����$)��(�'�,),&�#�)#*���&��$�#*&,&�#���0�%��#-)#$&#'�,-��.�&�*&#'�+�%0�%�)#$�!�9�%��(�%��,-��<#�3��*'��)#*�.�&�*&#'�+%)$,&$������*�./�,-��$%�),�%��0�,-���������$���*�#�,�.��&#$�%+�%),�*�&#,��8�9���0,3)%��B&#$��*&#'��0�%��5)�+����,-����,-�*�0����3�*�0�%�,-��+%�$���&#'��0�,-��%�$<���)��*��$%&.�*�&#�,-��+%�(&������$,&�#C!�=�#$���&,�&���(&*�#,�,-),�,)$&,�<#�3��*'��$)##�,�.���)�&�/�$)+,�%�*�,-%��'-�8�9!�@�,�%��%���)%$-��-���*�0�$����#�+%�(&*&#'�)**&,&�#)����)%,�0�),�%���,��8�9�,�$-#���'/!�@�%�&#�,)#$���,)$&,�<#�3��*'��$���*�.��%�0��$,�*�&#�,-��)%$-&,�$,�%)����*���,-%��'-�,-��&#$�%+�%),&�#��0���$)���),�%&)���)#*��#(&%�#��#,6%��),�*�$��+�#�#,��B��$-�)��0��&)'��$�(�%�)#*�(�'�,),&�#�,/+��C!�:���+),&)��,�$-#���'&���$���*�+�)/�)�'%�),�%����&#�*�,�$,&#'�$�#�,%�$,&�#��),�%&)���&#�,-����%%��#*&#'�)%�)!�8�9����%��$���*��,-�����()��),��)�,�%#),&(���+,&�#��%�')%*&#'�,-����&,).&�&,/��0��),�%&)����#�)�$�#,�5,6�+�$&0&$�.)�&�!�@&#)��/��./���.�**&#'�$����#,&#'�).&�&,&���&#,��8�9�,�$-#���'/����$)��.�&�*&#'�+%)$,&$���$���*�.��+%���%(�*���+�#&#'��+�,-��*��&'#�+%�$����,��,-��3�%�*�)#*��#).�&#'�.�#�0&$&)���00�$,��0�%���$&�,/!���



����

�����	
��
�
��
��������
��� � �������������������� �!���"�

#$� %&'()*+,&'+�-��./01/2���3��041��5�2�0�3014��0��/�6��7��8�01.�97�/:��5�30;�9���5/6.�9���<=06=�016��3����60/���.�6=1���406/����6�1��06��/13��1;09�1��1./��5�/.�9��"�>�.=��4=�;�91/6��/9�/96=0.�6.�9��������.��2��5�94�..�1�01�6�1.��7�9/9:�/96=0.�6.�9���0.�/94�/2�:�79�;03���/�<�9.=<=0������96���5�?1�<��34��.=/.�5��.�9���1;09�1��1./����6�1��06�/13���60/�����./01/20�0.:"�@=0���.�3:��87��9���.=��6=/���14���/13��77�9.�10.0����5���014�A�B�.�6=1���4:�5�9�.=��/96=0.�6.�9/��3��041�/13�.=���1�94:�/1/�:�0���5�/�;�91/6��/9��������2�0�3014"�C/9/��.906�.�6=1���40������6=�/��A�B��6/1�/3/7.�.��3:1/�06�6�130.0�1��/��.=��3�5010.0�1��5�.=��7/9/��.�9�0.���5�306./.��"�D0;�1�.=/.�7/9/��.�90E�3���3�����7�9/.���1�508�3�9������.=���/13���5��2F�6.��/9��9�3�6�3�.��/�5�<�7/9/��.�9��.=/.�3��6902��.=�09�01.�99��/.0�1�=07�"�@=0����/3��.��/�3�49����5��./13/930E/.0�1�01�6�1�.9�6.0�1��<=06=��1/2����.=��0�7����1./.0�1��5�A�B�.�6=1���4:�5�9�/�<���G3�501�3�.:7���5�2�0�3014"��1�.=/.���1����A�B�.�6=1���4:�6���3�6�;�9�/�<03��9/14���5��0���/.0�1��/13�/1/�:����1��3�3�5�9�.=0��7/9.06��/9�2�0�3014�.:7��.=9��4=�/1�01.�49/.�3���.��5�/77�06/.0�1�"�H�<�;�9��01�.=0���.�3:��A�B���5.</9��79���1.�3��0�0./.0�1��<=�1�/77�0�3�.��.=��3��041��5�6��7��8�/96=0.�6.�9/�������1.���5�;�91/6��/9�2�0�3014�"�I�1�03�9014�.=���10J��1�����5��/6=�;�91/6��/9�2�0�3014���./13/930E/.0�1��0�0.��.=��5��8020�0.:�1��3�3�.��3��041�;�91/6��/9�6��7�1�1.�"�K�<�5/�0�0���<�9��69�/.�3�.��/66�9/.��:�9�79���1.�6�9./01�2�0�3014�6��7�1�1.���5�.=����������<=06=�</��/�.0��G6�1���014�79�6����.=/.�9�J�09�3�=04=���;�����5�5/�0�0/90.:�<0.=�A�B���5.</9��/13�6�1�./1.�6����106/.0�1�<0.=�A�B��87�9.�"�L�9.=�9��3���.��.=��6��7��80.:��5�.=���13�949��13�6/;�G�0?��2�0�3014�/13�.=���/6?��5�9���;/1.�.�6=1�G�6�1��06���/1���.=��69�/.0�1��5�.=��6�99��7�13014�A�B���3���</��0�7���02��"�K�;�9.=�������2/��3��1�.=��01.�9;0�<�<0.=�.=���<1�9��5�.=���������/13�.=����5.</9��/77�06/.0�1��0.�</��6�16��3�3�.=/.�.=��9����.���5�.=���1�94:�/1/�:�0��<�9��9�79���1./.0;���5�.=��9�/���./.���5�.=��������"�>�.=��4=�.=���8/6.�.0����9�.:7���5�0��01�1.�5/0��9���6���3�1�.�2��3�.�9�01�3�.=9��4=�.=����5.</9��/77�06/.0�1��.=�����.���1�0.0;��2�0�3014�6��7�1�1.��59���/1��1�94:�7�01.��5�;0�<�<�9��3�.�6.�3"�>��14�.=���0�0./.0�1���5�A�B�.�6=1���4:��0.��01/20�0.:�.��6/7.�9��./60.�?1�<��34��/13�/3/7.�.����6/���7�605060.0���</��30�6����3"�M1;09�1��1.G9��/.�3������1.���016��3014���0��79�7�9.0���/13���6/��;�4�./.0�1��/��<����/����6/��2�0�3014�.�6=10J�������3�5�9�.=��6�1�.9�6.0�1��5�.=��;�91/6��/9��������6���3�1�.�2��016�97�9/.�3�01.��A�B���5.</9�"�@=����3��70.��2�014�7/9/��.906�01�1/.�9���A�B��/6?��.=��/20�0.:�.��6/7.�9��/13��16�3��./60.�?1�<��34����2�30�3�01�;�91/6��/9�2�0�3014��01�0.��6�99�1.�5�9�"�H�16���.=��1��3�.���1/2���.=��016�97�9/.0�1��5�6����1.014�/20�0.0���01.��A�B�2�6������;03�1.�.��79���9;����6/��2�0�3014�79/6.06���/13�5/60�0./.��.=���7�1014��5�.=��3��041�79�6����.��.=��<�9�3"�>�6����1�7�����5�7/9/��.�90E�3�3/./��.9�6.�9���6���3�2��3�;���7�3�/13��01?�3�.��6�3050�3�01.�91/.0�1/��3/./��.�"�@=����.=��6�1�.9�6.0�1�013��.9:�6���3�2�6������9��01.�49/.�3��016��;/90����2�0�3014�6��7�1�1.��6���3�2��3��6902�3�/13�6����106/.�3���014�/�6����1��/14�/4�"�L�.�9��9���/96=�6���3�/�����87��9��.=��6/7/20�0.0����5�A�B�.��/1/�:E���.=�9�/�7�6.���5��/1�5/6.�9014�/6.0;0.0������6=�/��.=���1;09�1��1./��5��.7901.��5�2�0�3014�6��7�1�1.��/13�.=��6/7/60.:��5�A�B�.��2��/3/7.�3�.��3055�9�1.���6/��6�1.�8.�"�>.�.=���/���.0�����7�1G���96��/77�06/.0�1��01�.=��6�1�.9�6.0�1���6.�9�/9��/9�/���5�0169�/�014�01.�9��.�.=/.�6���3��0.04/.��79�2������5�6�1;�1.0�1/��3��041�/13�2�0�3�79/6.06������6=�/��01.�9�7�9/20�0.:�/13�6�1�.9�6.0�1��./13/930E/.0�1"����



����

�����	
��
�
��
��������
��� � �������������������� �!���"�

#�$%&�$��%&��'(()%)�*��+���'$%�+�'%�$���'*(�%&��)*,�$-�$'%)�*��+��*.)$�*��*%/$��'%�(�,��-�*�*%��)*%��0�1�%�,&*���23��&���(�4��)*.��%)2'%�("�5&�������+�2���-'%)'��%�,&*���2)���+�$�%&��(�%�,%)�*��+���,'��3�'.')�'4���,�*�%$�,%)�*��'%�$)'���,���(�4��,�*�)(�$�(�%��+',)�)%'%��%&���.'��'%)�*��+�'�%�$*'%).��(��)2*��-%)�*���*�'�,�*%�6%/�-�,)+),�4'�)�"�5&�����%')*'4)�)%3�+�'%�$�����4�((�(�)*�.�$*',��'$�(��)2*�-$�,������'$��2$'(�'��3����%"�5&��)*,�$-�$'%)�*��+���,&�.'��'4���7*�8��(2��)*�,�$$�*%�(��)2*�-$�,������,���(�-$�.)(��'�+��6)4���8'3�%��',,����('%��&��'*�*��(���$�)*+�$,)*2�%&���)*7�4�%8��*���,)�%3�'*(�%&���*.)$�*��*%"�5&����+�%�$���%�()����*�.�$*',��'$�4�)�()*2���&���(�4��,�*(�,%�(�%���*'4���%&��-$���$.'%)�*��+���,'��4�)�()*2�%�,&*)9����)*�,�*%��-�$'$3�(��)2*�-$',%),���:+�$��6'�-����43��6'�)*)*2�%&��,��-�)'*,���+�.�$*',��'$�4�)�()*2��8)%&���,'��;�*)*2�'*(�4�)�()*2�$�2��'%)�*��'*(�-$�-��)*2�$���.'*%��'8�$�+�$��<"�=>?@ABCDEFGD@HI�5&)��-'-�$�)��-'$%��+�'�-$�J�,%�%&'%�&'��$�,�).�(�+�*()*2�+$���%&��K�$�-�'*�L���'$,&�M��*,)��:KLM<��*(�$�%&��K�$�-�'*�N*)�*O��P�$);�*������$���'$,&�'*(�)**�.'%)�*�-$�2$'����:2$'*%�'2$����*%�Q��R��S��<"�5&��$���'$,&�&'��'����4��*���--�$%�(�43�%&��K�$�-�'*�L�2)�*'��T�.���-��*%�#�*("���'��2$'%�+���%��%&��+����8)*2�-��-���8&��-$�.)(�(�)*.'��'4���,����*%���2�)('*,���'*(�%�,&*),'��',,�$',3�%��%&��(�,���*%U�V�*�%'*%)*����$���)����'�)�)��V��%'7)����'�)�)��Q)'$����M&$)��W)�%)%�'���'*(�X%&'*'�)���M&'��)'7��"�X*3�)*',,�$',)������)��)�*���$��)�)*%�$-$�%'%)�*��'$��%&�����+�%&��'�%&�$"�YA@ZC[>H�AZ�[@HD\DIH���&'.��*��,�*+�),%��+�)*%�$��%��$����$,���+�+�*(��+�$�%&)��'$%),��"�]DZD\D@>DI��"�^�*2�_V̂ ��V�'*�V̀ �:����<���-����*%)*2�a0KX1�b���c�+�$�0�1/4'��(����%')*'4)�)%3�'*'�3�)�"��d������e�
f�
���U��gh!��S"��"�T�*2�iP��Q2�j5�:���S<�X��)+��,3,���'�������*%���(���+�$��.'��'%)*2�%&���*.)$�*��*%'��)�-',%���+�4�)�()*2�,�*�%$�,%)�*�)*�P�*2�V�*2"�kd��l�	
��
�
�R U��Rh!� �"�h"�V��--���j��N$2�/��$�'%;�T�:����<�X�������*%��+�-��),3�)*�%$���*%��+�$�$�(�,)*2�2$��*&�����2'����)��)�*��+$���4�)�()*2���b'$)���#$'*,���NQKb"��"�L�(��b��0�$(�%%�L��j�'$���W�*m'�.���_M�:����<�0�)�()*2�U�)*.��%)*2�)*��*�$23�'*(�$����$,���++),)�*,3���*�NQKb��5�8'$(��'�2$��*��,�*��3U�b'%&8'3��%�����%')*'4���(�.���-��*%�'*(�-�.�$%3��$'(),'%)�*"�S"�1)$'4���'�Q��Ln,7�1��j''(��1L1���%�'�"�:���R<�j%$'%�2)���%��)�-$�.��%&���*�$23�-�$+�$�'*,���+�4�)�()*2�U�X�$�.)�8��+�%&�)$��)+��,3,���)�-',%"�kd��l�RU���S!���"�g"�b$)'.�����M��Q)'$�����:��� <�X�����)*2�%&���-�**����'*(�,�*.).)'�)%3��+��-�*����$,��%�,&*���23U�5&��,'����+�%&��̂)7)P����"��df���
���U����g"��"�^�%%�$�o�:����<�X�.)�8��*�+�%�$��4�)�()*2��3�%�����(��)*2�'*(��)���'%)�*���*�P�*��*�_"�'*(�L"�'̀�4�$%��:�(�<��0�)�()*2�-�$+�$�'*,���)���'%)�*�+�$�(��)2*�'*(��-�$'%)�*��L��%��(2���̀�*(�*"�R"�#'��()�_��̀�-�,&�1T��̀�)����W�:����<�N�)*2�̀)+��M3,���X�������*%���%&�(��%��2�)(��'$,&)%�,%�$'��(�,)�)�*/�'7)*2�+�$����%')*'4���-$�+'4$),'%�(���(��'$�4�)�()*2�"�p�q
��
�kd��l��U��S�!���"�



����

�����	
��
�
��
��������
��� � �������������������� �!���"�

 "�#$�%&�$�'��(���)�$�*�+���,-�./��������0�1�(2�3�4��%05%)6�4)&�����78%)6�1�(���������$�%�)��" ��9�:8��;�$��./��<�))�5�=4)%4�9848��>)%=�$�%85��<?��>9?"���"�#�)@�*��A%��%64)�1�+����-��B3C1�(�>���%)�����2�9%6)%0%74)8�=4�����&$4�48%7�6$�D8/��4)&�4::4$�)8�;��%)�����::�$8�)%85��3�)8�$�0�$��)8�6$48�&�E47%�%85�F)6%)��$%)6�.�7/)%74��'�:�$8��984)0�$&�>)%=�$�%85��984)0�$&��34�%0�$)%4"���"�'���);�$6�.�+���G-�1�%�&%)6��)0�$�48%�)�(�&��%)6��'��8@���H�?)&$���"�?=4%�4;���0$���/88:2CCDDD"474&��%4"�&�C��I,,�JC1�%�&%)6K�)0�$�48%�)K(�&��%)6"���"�1�$)�8�%)�<��<%88�4)�*�+���J-�14$$%�$��8��8/��4&�:8%�)��0�1�%�&%)6��)0�$�48%�)�(�&��%)6�%)�8/��;�%�&%)6�%)&��8$5��?�8�&��L�1�%�&%)6��9���8%�)���94)�'404����34�%0�$)%4"��,"�3�$��*9�+���G-�?�B%78%�)4$5��0�?$7/%8�78�$��4)&�M4)&�74:��?$7/%8�78�$���NO0�$&2�NO0�$&�>)%=�$�%85�<$���"��J"�A$��)�*<�+����-���$)47��4$�4$7/%8�78�$����)�F)757��:�&%4��0���74��/%�8�$5��,$&��&���?�5�P"�Q%���)��G �!G I"���"�94��4)�(�+���I-�9��84%)4;%�%85�4)&�=�$)47��4$�4$7/%8�78�$�2�'�8/%)L%)6�D/48�%&�)8%85�%���>$;4)�4)&�4$7/%8�78�$4��/�$%846��7�)��$=48%�)�D%8/%)����84%)4;%�%85��#4;%�4�P���&���)8�7/N:�)"��G"�R6�5�)4�?.��.$��)6�R9P��'�7LD��&�B���8�4�"�+��� -�98�&%����)����84%)4;���0�48�$����0�=�$)47��4$�4$7/%8�78�$��%)�&%00�$�)8�$�6%�)��47$����8/��D�$�&2�?�7��:$�/�)�%=���5)8/��%��4)&��=4��48%�)"�S
�
���
�T���U�V�I2�,�!�JI"���"�P�4)6�W��X��(��W/�)6�M���8�4�"�+����-�N)�Y5�4$�E%��&�98�&5��)��)&��$�F)=%$�)��)8��0�P�%@/���.$4&%8%�)4����$)47��4$�BD���%)6��%)�3/%)4"�Z
���	
[����2�,�G!�,��"��I"�(7M�))4)�*E�+���G-�./��:/%����:/5��0����84%)4;���&��%6)��#4)�4��3%85��(N2�F7�.�)�"�� "�F$4$��4)�?�+��� -�?�7�)8��:�$4$5�%)8�$:$�848%�)��0�=�$)47��4$�4$7/%8�78�$�"�./��4$7/%8�78�$���0�R4%��\4L%$/4)��.�$L�5"�]̂��_�	
��
�
��2�!��"���"�B454$48)��'�+���I-�.�D4$&����84%)4;���&�=���:��)82������)��0$���=�$)47��4$���88����)8���0�9$%�M4)L4"�S
�
���
�T���U�V��2,,J!,JG"���"�#4�4$�&%)�W�+����-�M�)6Y$��0�&�/�������0�)�$8/�4�8�$)�:�)%)���4$�(4�45�%42����84%)4;%�%85��0�%8��%&�)8%85�%)�8/��;�%�8��)=%$�)��)8"�Z
���	
��
�
������I2G I!���"���"�14$;�$�Y14$$�$4�((��A%�Y3$��:���*��(4�&�)4&�Y'4����M�+���J-�P%�8�$%74��&�=���:��)8�4)&��)=%$�)��)8�4&4:848%�)��0�8/��8$4&%8%�)4��74=�Y&D���%)6��%)�.4̀�a4b��=4���5��(4&$%&��9:4%)"�]̂��_�	
��
�
�I�2�,G!�J�"��,"�B�88�)�Q��<��8��(�+�  G-��)0�$�48%�)�4)&�7����)%748%�)�8�7/)���6%��2��%�%�)��4)&�$�4�%8%��"�NO0�$&2�NO0�$&�>)%=�$�%85�<$���"��J"�1̀c$L�13�+�  �-�'�d�%$���)8��4)&�%)0�$�48%�)��8$�78�$���0�$�;�%�&%)6�:$�&�78�&484���&�����</B�B%���$848%�)��P���%)L%�>)%=�$�%85��0�.�7/)���65��F�:���E%)�4)&"���"�R48%�)4���)�8%8�8���0�;�%�&%)6��7%�)7����?;��8�8/��)48%�)4��1�(��84)&4$&Y>)%8�&�9848������� "�?=4%�4;���0$���/88:�2CCDDD")48%�)4�;%��84)&4$&"�$6C4;��8"��G"�.�$L�e�+���G-�.�)�d���8%�)��7�)7�$)%)6�1�%�&%)6��)0�$�48%�)�(�&���%)6"�]̂��_�	
��
�
����2���J!�IJ"���"�3%$%;%)%�?��(4�8$����;����)8�$4�9��<4)�$�)%�(�+���G-���:����)848%�)��0�4)�%)8�$�:�$4;���:$�7����8���:8%�%���&��%6)�4)&�7�)�8$�78%�)�:/4�����0�4�$��%&�)8%4��;�%�&%)62�4�1�(�:%��8�:$�̀�78"��̂������f�
V�
���2�G�!�,"��I"�M4/&���'��W�88�$�4)�B�+����-�1�(�0�$�:$�̀�78��4)46�$���B�:4$8��)8��0�3%=%��4)&�F)=%$�)��)84��F)6%)��$%)6��B%=%�%�)��0�3�)�8$�78%�)�(4)46���)8��3/4���$��>)%=�$�%85��0�.�7/)���65��Ac8�;�$6"�



����

�����	
��
�
��
��������
��� � �������������������� �!���"�

� "�#$%&$�'��()��*%$+$,-$�.��/$0����1�2��� 3�4506�6�6,+�7�6�86,+����0$6,$76�609�$�������,0���6,+�*�/"��:������;�
<�
����=���!�>�"�?�"�/6+6�6,�@$��A��)�5�&����(��B�&6B6�������0�$�"�2���?3�C'��7�,�D60����7�0$B����$,8�5%�7������D�5%$B06B$��*�/�6�5����,0$06�,"�E
���	
F�G�=����!��H"�?�"�*�6�I��/�%�B'7%�B@�#��/�,@&��8��*J���0�$�"�2��� 3�C'��%�����D�$,�6,,�&$06�,�B����,609�6,���55�%06,+�*�/�8�5��9��,0�!�C'��B$����D�7�6�86,+K/L1C�I�%M$9"�)%�B��86,+���D�0'��?%8��,0�%,$06�,$��#�,D�%�,B���,�*�6�86,+��,D�%�$06�,�/�8���6,+�2*�/3�6,�A��6+,��#�,�0%�B06�,�$,8�45�%$06�,���K�&6�����K5$6,"�?�"�.$$@���/��N6&6,6��6�L�2����3�C'���O#�K0$,8$%8PL�%�&6�M��D�'6�0�%9��8�&���5��,0��$,8��0$,8$%86Q$06�,"�	����
�R��S��
���=��?H!���"�??"�4'�/��.���(��T$,�U�,+�K��0�$�"�2���G3��,0�+%$0�8��9�0���D�%�*�/P7$��8�B���$7�%$06&��8��6+,"��:������;�
<�
�G>=�� �!���"�?H"�.���A�2���>3��8�,06D96,+����0$6,$76�609�5%6�%606���$,8��,+$+6,+��0$@�'��8�%�PC'��U�,+�N�,+�'���6,+�$�0'�%609V��B'$���,+���$,8��W5�%6�,B���U�,+�N�,+�U���6,+�L�0'�%609��U�,+�N�,+"�?G"�J$�0�$,�#��C�6B'��Q�)��K$B@��1���0�$�"�2����3�*�/�'$,87��@=�L�+�68��0��*�6�86,+��,D�%�$06�,�/�8��6,+�D�%��M,�%����$,$+�%���8��6+,�%����,+6,��%���$,8�B�,0%$B0�%�"�(�',�T6��9�X�K�,���U�7�@�,"�?�"�U�9M��8�U�2��� 3�����%������D�0'��7�D�%����0$6,$7���7�6�86,+��$,8�B606������0��8���.�,8�,=�1�*L�)�7�6�'6,+����H�5$+��"�?�"�T�,+�N��O$,�Y�2���?3�*�6�86,+�6,D�%�$06�,���8���6,+�2*�/3�D�%����0$6,$7���7�6�86,+�8��6+,"�Z�������?�=��?>!�G�"�?>"�[�%&\�6��U��K$,0���)��/$%06,��1���0�$�"�2���H3�L��$B%�PB��5�,�,0�$55%�$B'�D�%�0'��$�������,0��D�7�6�86,+����0$6,$76�609�6,��$%�9��0$+����D�8��6+,"�]:��̂�	
��
�
��?=��G�!���"�? "�N'$�%��,�/��*$,D6���)O��/�,Q6���[�2��� 3�.6D�PB9B���$�������,0�$,8�0'���,&6%�,��,0$��6�5$B0��D�7�6�86,+�=�L�%�&6�M"��:<���
��=��!�>"�H�"�T�,+�(NT��_'���(�2���G3�J,'$,B6,+��,&6%�,��,0$�����0$6,$76�609��&�%�7�6�86,+��6D��B9B����0'%��+'�+%��,�*�/=�L�%�&6�M"��:������;�
<�
�G�=��G�!��G"�H�"�406�LU��C6Q$,6�T�2���G3�*�/��W0�,�6�,�D�%�0'�����0$6,$76�609�$55%$6�$���D�B�,B�50�$���0����8��6+,"��̂��	
F��
̀�
��� =��>!H�"�H�"�LQ'$%�K��#$%�0�,�TL��4���,�A���0�$�"�2����3�*�6�86,+�6,D�%�$06�,���8��6,+�D�%����0$6,$7���8��6+,�$,8�.JJAa�%$06,+�$,$�9�6�"��:������;�
<�
���=����!��H"�H?"�N%9+6���J��I6���*�2���>3�[%��,�*�/=�K�BB���D������0$6,$7���8��6+,�M60'�*�6�86,+��,D�%�$06�,�/�8��6,+��U�7�@�,��I(=�T6��9"�HH"�[$%����M6BQ�L�2���G3�?A�5%6,06,+�6,�0'��B����,�=�@,�M��8+��$,8�0'��,$0�%���D�86+60$��$,8�5'9�6B$��%����%B��"�A�B0�%$��0'��6�"�b,6&�%�609��D�4WD�%8"�HG"�/��,�U(��#'�6�/K��N6��KN���0�$�"�2����3�#$����0�86���D�%�0'���&$��$06�,��D�6,0�%�5�%$76�609�7�0M��,�$�*�/�7$��8�$%B'60�B0�%$����8���$,8�7�6�86,+�5�%D�%�$,B��$,$�9�6��5%�+%$��"��,�)%�B��86,+���D�0'����0'�#�,D�%�,B���D��,0�%,$06�,$��*�6�86,+�)�%D�%�$,B��K6���$06�,�L���B6$06�,"�H�"�/6�006,�,�1��)$$&��$�K�2���H3�*�9�,8�0'��*�/��0�56$=�L55%�$B'���0��0'��8�&���5��,0�$,8�6�5����,0$06�,��D�*�6�86,+��,D�%�$06�,�/�8��6,+"��:������;�
<�
�H?=�>H! �"�H�"�c6,�1N�2����3�#$����0�89�%���$%B'�8��6+,�$,8���0'�8���C'���$,8�4$@���#L=�K$+�"�H>"���%,�%�(/��L78���$'�./�2����3�JW5��%$0�%9�B$����0�89�%���$%B'=�4�0���%B�8�5%�d�B0�D$6��%�"��
̀�
����̀��S��e�GH=�>��!>>�"�



����

�����	
��
�
��
��������
��� � ���������������������� ���!�

"�!�#�$%&'�()�*�+���,-�#.%���.��/0�(�12/0./)��2&��1�32��4�1�0$�(���2(35!�67����
8���9���� �":!�:�!�;2%�����(���.��<�������=�>(��?�5.�1�($��=�@2A��==.).����;(���)��4�/1(�0�31.�/������!�B%2.�2&���=(���511C�9DD@@@!%(���.�!)(D�CD!�� E������15��B�15�(+�-���.3�/����B�<F�;(���!�G5.��.��2/��C�/�233����2(1.3���0.�1(.&�1�0��/0�(�15��1�(����=�15��H(�21.%��H����/��B11(.&�1.�/�I.3�/���+511C9DD3(�21.%�3����/�!�()D�.3�/���D&$D"!�-��



 

115 

Curriculum vitae 
Personal data 

Name:  Christina Priavolou 
Date of birth:  31.01.1990 
Place of birth:  Ioannina 
Citizenship:  Greek 

Contact data 
E-mail:  christina.priavolou@taltech.ee 

Education 
2016 – today  Tallinn University of Technology (TalTech) – PhD in Technology 

Governance 
2016 – 2017  School of Pedagogical and Technological Education – Certificate 

of Pedagogical and Teaching Competence 
2014 – 2016  National Technical University of Athens – MSC in Environmental 

Science 
2008 – 2014  University of Patras – BSC in Civil Engineering 

Language competence 
Greek  Native 
English  Fluent 
German  Basic 

Professional employment 
2015 – 2017  GCons Construction and Consulting, Ioannina – Scientific 

Associate 
2012  Sarakatsanos Technical Contracting Company, Ioannina – 

Internship 
  



116 

Elulookirjeldus 
Isikuandmed 

Nimi:  Christina Priavolou 
Sünniaeg:  31.01.1990 
Sünnikoht:   Ioannina 
Kodakondsus: Kreeka 

Kontaktandmed 
E-post: christina.priavolou@taltech.ee 

Hariduskäik 
2016 – tänaseni Tallinna Tehnikaülikool (TalTech) – Doktorikraad Tehnoloogia 

valitsemise erialal 
2016 – 2017 Pedakoogika ja tehnoloogia kõrgkool – Pedakoogilise ja 

tehnoloogilise kompetentsi sertifikaat  
2014 – 2016 Ateena Rahvuslik Tehnokaülikool – MSC Loodusteadustes 
2008 – 2014 Patrase Ülikool – BSC Ehitusinseneerias 

Keelteoskus 
kõrgtase 
emakeel 

Inglise keel  
Kreeka keel  
Saksa keel   baastase 

Töökogemus 
2015 – 2017 GCons Construction and Consulting, Ioannina – 

Teaduspartner 
2012 Sarakatsanos Technical Contracting Company, Ioannina – 

Praktikant 



ISSN 2585-6901 (PDF)
ISBN 978-9949-83-648-2 (PDF)


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



