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1 Introduction: Focus and aim 
“[D]emocratic AI governance necessitates aligning the activities of standard-setting 
bodies, who influence industrial processes and products, with the societal objectives and 
the requirements of public accountability enshrined in law.” 

Transatlantic Reflection Group on Democracy and the Rule of Law in the Age of 
“Artificial Intelligence”, 2023, p. 250 

Situated at the intersection of law, technology and human rights studies, this thesis 
examines legal frameworks for protecting and promoting the fundamental rights of 
individuals and groups concerning the development and public-sector use of artificial 
intelligence (AI) systems1. The objective of this normative analysis is to determine the 
legal conditions under which the development and public-sector use of AI can be 
compatible with fundamental rights.2 It aims to contribute to the literature on regulating 
AI, particularly to human rights-based approaches to AI regulation. 

The thesis considers an AI system an advanced networked digital information and 
communications technology (ICT) and draws on the definition of AI in Article 3(1) of the 
EU Artificial Intelligence Act (AI Act) (Regulation 2024/1689): “AI system means a 
machine-based system that is designed to operate with varying levels of autonomy and 
that may exhibit adaptiveness after deployment, and that, for explicit or implicit objectives, 
infers, from the input it receives, how to generate outputs such as predictions, content, 
recommendations, or decisions that can influence physical or virtual environments.” 
Following the High-Level Expert Group on Artificial Intelligence3 (AI HLEG) (High-Level 
Expert Group on Artificial Intelligence, 2019a, p. 7), the author refers to fundamental 
rights4 as the obligations of States to respect, protect and fulfil the freedoms and 
civil-political and socio-economic rights of individuals and groups under the principles of 
democracy and the rule of law. By focusing exclusively on natural persons as 
rights-holders, fundamental rights are defined as codified under the Charter of 
Fundamental Rights of the European Union (the Charter) and moral entitlements 
(Charter, 2016; High-Level Expert Group on Artificial Intelligence, 2019a). In this thesis, 
the term natural persons refers to individuals or groups who are citizens and data 
subjects. By citizens or data subjects, the thesis refers to citizens, residents, and refugees 
in the EU or other jurisdictions in their role as end-users of AI technology. Additionally, 
the author refers to individuals or groups adversely affected by an AI system as affected 
persons. Everyone, regardless of legal status, can be an affected person. The terms 

1 This thesis uses the notions of AI, AI system and AI technology interchangeably. 
2 In this thesis, condition refers to “a requirement involved in a law, or other legally recognized 
document that changes the rights and duties of those involved” (online legal dictionary Wex, Legal 
Information Institute, Cornell Law School: https://www.law.cornell.edu/wex/condition). 
3 To inform on the implementation of the EU AI strategy, the European Commission mandated an 
expert group to create ethics guidelines for AI, including policy and investment recommendations. 
On behalf of the Commission, the AIHLEG developed the concept of Trustworthy AI and proposed 
a three-part framework (lawful, ethical, robust AI) to achieve it. The AI HLEG was comprised of 
representatives from the European industry and academia. While it established ethical and robust 
AI, the Commission, Council of the EU, and European Parliament were responsible for addressing 
lawful AI as part of the ordinary legislative procedure by drafting the AI Act. 
4 This thesis applies the terms fundamental rights (used in the European context) and human rights 
(primarily referred to on the international levels) interchangeably throughout. 

https://www.law.cornell.edu/wex/condition
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developers and providers denote individuals involved in the development or design of AI. 
The term deployers refers to users of AI systems in the public sector. These are legal 
persons or entities representing a public authority, agency, or body. Individuals who use 
or deploy AI systems under the authority of the deployer are civil servants, for example, 
public administrators, doctors, or governmental lawyers. 

Promising to contribute to economic growth and increase efficiency across various 
areas, governments aim to create conditions for innovation in big data and AI and 
increase the use of AI in the market (Marcus et al., 2019; Misuraca & van Noordt, 2020). 
Another key factor driving the development of AI is its potential for mitigating the impact 
of climate change in line with the United Nations (UN) Sustainable Development Goals 
(European Commission, 2019; Vinuesa et al., 2020). For instance, AI is considered crucial 
for improving energy efficiency by automating the measurement and monitoring of 
energy consumption in real-time (Kaack et al., 2022; Rolnick et al., 2023). 

However, as a general-purpose and dual-use socio-technical system, AI is a 
double-edged sword (Cohen, 2019; Murray, 2021; Taylor, 2023b; Yeung, 2022). Prior 
research and recent case law have shown that features of the complex phenomenon of 
AI, particularly partial autonomy and opacity, can give rise to risks and create material 
and immaterial harm to individuals and groups, ranging from bias and discrimination to 
violations of applicable data protection and privacy standards (Alston, 2019; 
Buolamwini & Gebru, 2018; Eubanks, 2018; Case 11519/20, 2023; Hoffmann-Riem, 
2021; Case C-634/21, 2023; Mantelero, 2019; Case C-09-550982, 2020; Pasquale, 2015; 
Redden et al., 2022; Wirtz et al., 2020; Yeung, 2019, 2022). Furthermore, prior research 
has revealed that the implementation of AI systems could create significant information 
and power asymmetries among developers, deployers, and citizens in society (Busuioc, 
2021; Cohen, 2019; Gasser & Almeida, 2017; High-Level Expert Group on Artificial 
Intelligence, 2019a; Taylor, 2023b; Yeung, 2022). Indeed, it has been argued that the 
information advantages and infrastructural power of the AI industry via-à-vis 
governments could reduce governments’ ability as primary duty-bearers to respect, 
protect, and fulfil the human rights of rights-holders in their jurisdictions (Cohen, 2019; 
Floridi, 2020b; Hasselbalch, 2021; Morozov & Bria, 2018; Taylor, 2021; Yeung, 2019; 
Zuboff, 2019). This, in turn, could weaken governments’ abilities to fulfil their monitoring 
obligations, enforce fundamental rights and provide effective redress for affected 
persons (Leslie et al., 2021; Mantelero, 2019; A/HRC/38/35, 2018; Wagner, 2019; Yeung, 
2019). 

Regulating AI, therefore, has recently become a key priority for governments as part 
of broader global and regional multistakeholder initiatives on AI governance5, involving 
industry and academia (Dafoe, 2018; Dignum, 2019; Ebers, 2020; European Commission, 
2018; Evas, 2024; Executive Office of the President, 2016a; Mantelero, 2022; OECD, 
2021; Rotenberg, 2024; A/78/L.49, 2024; Wendehorst, 2020). In promoting the uptake 
of the technology while addressing its risks to fundamental rights, governments aim to 
develop and deploy “human-centric and trustworthy AI” (High-Level Expert Group on 
Artificial Intelligence, 2019a; Regulation 2024/1689) or “safe, secure, and trustworthy AI 
systems” (Executive Order No. 13,960, 2020; Executive Order No. 14,110, 2023). This twin 
objective follows the tradition of regulating emerging technologies (Brownsword, 2019). 

5 AI governance is here understood as a “field [which] studies how humanity can best navigate the 
transition to advanced AI systems, focusing on the political, economic, military, governance, and 
ethical dimensions” (Dafoe, 2018, p. 5). 
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Initially, governments reviewed the adequacy of extant legal frameworks and developed 
non-binding ethics guidelines, recommendations, declarations, and codes of conduct for 
AI (Ad Hoc Committee on Artificial Intelligence (CAHAI), 2020; Black & Murray, 2019; 
Brownsword, 2019; Executive Office of the President, 2016a, 2016b; High-Level Expert 
Group on Artificial Intelligence, 2019a; Hoffmann-Riem, 2021; IV).6 In this review 
process, policymakers and legislators aim to strike a balance between a precautionary 
approach related to safeguarding fundamental rights and a permissive approach related 
to minimising regulatory burdens not to forestall the economic and societal potential the 
introduction of AI is projected with (Brownsword, 2019; Brownsword & Goodwin, 2012; 
Crootof & Ard, 2021; Larsson, 2020). In the European jurisdictions, the world’s first 
regulatory instrument for AI is emerging: the EU AI Act (Regulation 2024/1689). 
The risk-based approach of the AI Act follows the tradition of regulating emerging 
technologies and is grounded in EU product safety legislation (Evas, 2024; Martini et al., 
2024; Regulation 2024/1689; Wendehorst, 2020). 

To examine and determine legal conditions for protecting and promoting the 
fundamental rights of individuals and groups concerning the development and 
public-sector use of AI systems, this thesis primarily focuses on the AI HLEG fundamental 
rights-based approach and its three-part framework of lawful, ethical, and robust AI 
for Trustworthy AI under the EU AI strategy (European Commission, 2018; High-Level 
Expert Group on Artificial Intelligence, 2019a, pp. 6-8). The framework has influenced 
the global AI regulatory debate, particularly the AI strategies of democracies worldwide, 
as reflected in the OECD AI Principles and the White House AI Principles (Fjeld et al., 
2020; Thiebes et al., 2021). The author conceives the realisation of Trustworthy AI as 
adequate protection and promotion of the fundamental rights of individuals and  
groups concerning the development and public-sector use of AI. The thesis particularly 
focuses on the lawful AI dimension of the framework. For this purpose, several EU 
regulatory instruments have been analysed: First, legislation for cybersecurity, 
particularly the Cybersecurity Act, the Network Information Security (NIS) 1 Directive 
and, later, NIS 2 Directive (Directive 2016/1148; Directive 2022/2555; Regulation 
2019/881); second, the General Data Protection Regulation (GDPR), a global standard 
for data protection law (Regulation 2016/679); and third, the AI Act (including the 
Commission’s 2021 Proposal for an Artificial Intelligence Act and the amendments 
by the European Parliament and of the Council on the Proposal), which is expected to 
establish global standards for AI (COM/2021/206 final; C/2024/506; Regulation 
2024/1689). 

6 For human rights-based approaches to the regulation of AI, see in particular The AIHLEG Ethics 
Guidelines for Trustworthy AI: High-Level Expert Group on Artificial Intelligence (2019), the Council 
of Europe principles, ethical guidelines and requirements of human rights, democracy and the rule 
of law as part of the Feasibility Study on AI: Ad Hoc Committee on Artificial Intelligence (CAHAI) 
(2020), The UNESCO Recommendation on the Ethics of Artificial Intelligence (2021), The guiding 
principles of the UN Secretary-General's High-Level Advisory Body on AI: United Nations, Advisory 
Body on Artificial Intelligence (2023); for others, see G20 AI Principles: G20 (2019), the Governance 
Principles for a New Generation of Artificial Intelligence: the Government of the People’s Republic 
of China (2019), the GPAI principles: The Global Partnership on Artificial Intelligence (GPAI) (2020), 
The Blueprint for an AI Bill of Rights: The White House (2022), The Bletchley Declaration: UK 
Government (2023), G7 Hiroshima Process: G7 (2023), the (updated) OECD AI Principles: OECD 
(2024), The Seoul Declaration: The Republic of Korea & UK Government (2024). 
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This thesis assumes that the EU legal frameworks do not yet guarantee adequate 
protection and promotion of the fundamental rights of individuals and groups 
concerning the development and public-sector use of AI. In other words, the EU aims to 
create a digital single market in line with the values and principles of the Charter and the 
competencies provided under the EU Treaties (Newman, 2020; Savin, 2020; Troitiño, 
2022). However, the attempt to combine a permissive and precautionary approach to AI 
through these regulatory instruments following a risk-based approach has some 
significant limitations (Laux et al., 2024; Mantelero, 2022; Smuha et al., 2021; Taylor, 
2023a; III). As argued in Publication III, Trustworthy AI can be realised if the four ethical 
principles of the AI HLEG, respect for human autonomy, prevention of harm, fairness, and 
explicability, are translated into human rights-based legal requirements. 

In the literature on human rights-based approaches to AI, several scholars identified 
the existing human rights frameworks as a starting point for regulating AI, despite their 
limitation that they were drafted before the uptake of AI (Beduschi, 2020; Kriebitz & 
Lütge, 2020; Latonero, 2018; Leslie et al., 2021; McGregor et al., 2019; Niklas, 2020; 
Prabhakaran et al., 2022; Quintavalla & Temperman, 2023; Raso et al., 2018; Sartor, 
2020; Smuha, 2020; Yeung et al., 2020). The universal applicability and the institutional 
system that monitors and enforces human rights law when infringements occur provide 
an essential foundation for regulating AI (Leslie et al., 2021; McGregor et al., 2019; 
Yeung, 2019). In the algorithmic accountability strand of the literature, some legal 
scholars focused on assessment mechanisms beyond transparency requirements, 
elucidating how international human rights law can be applied to evaluate potential 
human rights harms in the technology’s life cycle (McGregor et al., 2019). Others 
examined how the UN human rights-based approach to development can inform the 
creation of public policies and laws on AI, particularly concerning the use of AI in welfare 
administration (Niklas, 2020). Some specifically assessed existing international human 
rights standards from a corporate responsibility perspective to evaluate how they apply 
to companies developing AI (Kriebitz & Lütge, 2020; Lane, 2023). However, these 
discourses tend to give limited attention to the role of capability approaches to 
protecting and empowering individuals and groups concerning the development and 
public-sector use of AI. Considering that AI is primarily developed by AI developers of 
tech companies pursuing commercial rather than public interests, capability approaches 
play a key role in empowering underrepresented stakeholders in AI governance, 
particularly voices from civil society and individuals from the Global South (Cohen, 2017; 
Taylor, 2023a, 2023b). 

Other strands in the literature, particularly from data justice and critical data studies, 
therefore called on for incorporating an ecosystemic approach to regulating AI based on 
the capability approaches of Nussbaum and Sen, both globally and locally (Dalton et al., 
2016; Taylor, 2017, 2023a; Taylor & Mukiri-Smith, 2021). Reassessing fundamental rights 
in the context of ICTs and big data, they argued for including the concept of group privacy 
in the regulatory discussion on AI instead of primarily focusing on protecting individual 
privacy rights (Taylor et al., 2017a; Taylor et al., 2017b). These approaches have also 
highlighted the need for incorporating more inclusive, participatory, and context-sensitive 
requirements into legal frameworks for AI (Dalton et al., 2016; Taylor, 2016, 2017; Taylor 
et al., 2017a; Taylor & Mukiri-Smith, 2021; Taylor et al., 2017b). 

Yet, while these previous discourses attempt to regulate AI indirectly from a 
socio-technical perspective, aiming to mitigate human rights harms and empower 
individuals by ensuring transparency, fairness, and accountability through procedural 
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requirements, they pay limited attention to the developers’ role and the impact of  
design and architecture on fundamental rights (Cohen, 2017). Owing to the growing role 
of AI developers in influencing public values and public infrastructures, developers 
increasingly impact the fundamental rights of individuals and groups, including their 
capabilities (Aizenberg & van den Hoven, 2020; Cohen, 2012, 2017, 2019; Friedman & 
Hendry, 2019; Umbrello, 2022; Umbrello & van de Poel, 2021; Yeung et al., 2020). 
Regulating AI has also been increasingly identified as an inherently interdisciplinary 
challenge in legal and computer science discourses (Bex, 2023; Brownsword, 2020, 
2022; Graber, 2021; Hoffmann-Riem, 2021; Hydén, 2020; Larsson, 2019; Lindgren & 
Dignum, 2023; Nyman-Metcalf & Kerikmäe, 2020; Prabhakaran et al., 2022; Rahwan, 
2018; Selbst et al., 2019). However, legal scholars have yet to respond to AI developers’ 
calls to bridge disciplines and elaborate common legal requirements for protecting and 
promoting the fundamental rights of individuals and groups concerning AI (Cohen, 2017, 
2019; Prabhakaran et al., 2022; Shahriari & Shahriari, 2017). While calls for adopting 
socio-technical perspectives on regulating AI are emerging in human rights discourses, 
they remain limited (Cohen, 2017, 2019; Lindgren & Dignum, 2023; Prabhakaran et al., 
2022; Taddeo et al., 2023; Taylor, 2023a; Yeung et al., 2020). 

Since the AI HLEG’s framework for Trustworthy AI is addressed equally to developers, 
deployers, citizens, and society at large, it laid a foundation for examining how existing 
human rights principles and standards could be translated into practically applicable legal 
requirements for AI (High-Level Expert Group on Artificial Intelligence, 2019a, pp. 6-8; 
Noorman et al., 2019; Smuha, 2019, 2020). Prior research involving legal scholars showed 
how the AI HLEG’s ethical principles relate to existing principles, standards, and 
mechanisms under international human rights law and the Charter and how they can be 
translated into new law (Chatila et al., 2021; Mantelero, 2022; Smuha, 2020; Smuha & 
Morandini, 2022; Smuha et al., 2021; Yeung et al., 2020). Yet, the few concrete human 
rights-based proposals have remained either underinclusive or overinclusive (Leslie et al., 
2021; Mantelero, 2022; Smuha et al., 2021; Yeung et al., 2020). They either focused solely 
on one specific mechanism, impact assessments (see Mantelero, 2022), or excluded 
(see Leslie et al., 2021; Smuha et al., 2021; Yeung et al., 2020) an under-researched 
component, namely participatory design approaches, involving developers, deployers 
and citizens in the development and assessment of AI systems in the public sector. 
Additionally, the existing understanding of cybersecurity is primarily grounded in 
technological solutions (V) and preventive and responsive measures to addressing 
vulnerabilities in AI systems have so far been taken in isolation (II). Only a few scholars 
have conceptualised cybersecurity from a human rights perspective (Deibert, 2018; 
Papakonstantinou, 2022; Shackelford, 2019; Taddeo, 2019; Taddeo et al., 2023; Taddeo 
et al., 2019; Von Solms & Van Niekerk, 2013), and they have not yet proposed how 
Trustworthy AI could be realised. 

To address this gap, this interdisciplinary thesis attempts to make an initial 
contribution to the growing body of knowledge on AI regulation by combining human 
rights and socio-technical perspectives. 
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Research questions and outline of the thesis 
Consequently, the overarching research question this thesis seeks to address is: 

Under what legal conditions can the fundamental rights of individuals and groups be 
protected and promoted regarding the development and public-sector use of AI systems? 

By analysing relevant EU legal frameworks, the main aim is to determine legal 
conditions necessary and sufficient for protecting and promoting the fundamental rights 
of individuals and groups concerning the development and public-sector use of AI. 
To this end, the thesis looks at the following sub-questions: 

- What policy and legal measures has the European Union implemented as part of its
AI strategy to protect and promote fundamental rights?

- To what extent can the main legal principles and mechanisms under the GDPR
address risks to the fundamental right of the protection of privacy concerning the
development and use of AI?

- In which aspects does the AI Act fall short in guaranteeing adequate protection and
promotion of fundamental rights regarding the development and public-sector use
of AI?

Two book chapters (I; II), two articles (III; V), and a contribution to a report of Estonia’s 
AI Task Force for developing legal frameworks for AI (IV) attempt to provide answers to 
the research questions. The individual publications address specific aspects of the main 
research problem. 

I and IV mapped the EU policy and early legislative actions on AI, responding to the 
first sub-question. After the Commission released the White Paper on AI in early 2020, 
it called for a review of applicable EU legal frameworks to assess if they adequately 
safeguard EU values and principles concerning AI (European Commission, 2020b). Hence, 
II examined the GDPR and pertinent cybersecurity legislation. In response to the second 
sub-question, II conducts a technical and legal analysis regarding the implementation of 
smart metering systems (SM) in residential households. The book chapter identifies 
end-user concerns in the technical literature and, thereafter, analyses these concerns 
from a legal perspective. It particularly focuses on machine learning (ML) approaches in 
SM, since their developers seldom consider privacy or cybersecurity aspects at the 
development stage of the technology. Yet, as argued in II, this can cause human rights 
harm to end-users of SM at the use stage of the technology. The findings of V informed 
the conceptualisation of cybersecurity in II. 

Article V identifies harms caused by a significant ransomware attack, WannaCry, 
and analyses its implications for emerging EU cybersecurity legislation. The analysis of 
the identified harms shows a link between data protection and privacy, cybersecurity, 
and trust in ICTs. Going beyond existing approaches to cybersecurity, which primarily 
focus on technical solutions and exclude the perspectives of the human user of ICTs, V 
suggests securing not only interconnected information systems and networks, including 
data but also the aggregate interactions among human users and information systems 
and networks in society. Applying this understanding of cybersecurity to the development 
and public-sector deployment of AI systems, II suggests complementing existing 
requirements under the GDPR by additional mechanisms, particularly fundamental rights 
impact assessments, before the implementation of SM in residential households. 

After the Commission presented the AI Act Proposal in April 2021, the author 
examined in III how the proposal translated the four ethical principles of the AI HLEG into 
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law and identified some significant gaps for realising Trustworthy AI. In response to the 
third sub-question, these gaps pertain to a lack of obligations for developers and 
deployers, and substantive and procedural rights for citizens as underrepresented 
stakeholders in AI governance. III, therefore, suggests greater citizen participation in 
shaping AI regulation. This relates to both ex-ante and ex-post regulatory mechanisms 
for AI. III particularly recommends introducing effective redress mechanisms for ensuring 
greater transparency and explicability in AI-informed individual decision-making by 
deployers. Additionally, complementary to legal requirements, the author proposes 
introducing institutional measures, such as securing adequate funding for national 
competent authorities to enable effective monitoring and enforcement of existing legal 
obligations under the GDPR and upcoming obligations under the AI Act. Moreover, 
another gap identified is the need to increase civil servants’ digital literacy skills. This is 
crucial for increasing understanding about (yet unknown) AI-specific human rights harms 
and enabling better assessment of potential harms related to the public-sector use of AI 
in the long term. 

In addressing the research questions, the author follows Cohen’s understanding of 
fundamental rights as civil liberties, capabilities, and affordances (Cohen, 2017, p. 85). 
Additionally, the thesis treats law as Law 3.0, considering law as a normative tool 
alongside technological instruments (Brownsword, 2016, 2020, 2022) and emphasising 
that developers of AI significantly influence the ordering function of the law and its legal 
effects (Cohen, 2017, 2019; Nemitz, 2021; Nemitz & Pfeffer, 2020). Arguing that 
developers can either constrain or afford the fundamental rights of individuals and 
groups, the findings in II-III show how interdisciplinary, fundamental rights-based systems 
thinking approaches can be applied to protect and promote fundamental rights concerning 
AI. Article III particularly emphasises the introduction of participatory systems thinking 
approaches, involving legislators, policymakers, developers, deployers, and citizens in 
the development of AI systems and the assessment of the use of the technology in the 
public sector. Following the value sensitive design (VSD) approach (Friedman & Hendry, 
2019, pp. 38-44), this thesis further treats natural persons as either direct or indirect 
stakeholders. Whereas the thesis refers to AI developers and deployers as direct 
stakeholders because they either directly develop or use AI technology in their daily 
work, citizens are indirect stakeholders. In comparison to AI developers and deployers, 
citizens are those individuals and groups that are still excluded from the development of 
the technology and the assessment of its use in the public sector. 

While regulating AI is increasingly viewed as a societal challenge, I-III show that 
existing legal frameworks exclude requirements enabling deployers and citizens to 
participate in the development or assessment processes of the technology. The decision 
on how to mitigate potential human rights harms remains at the developers’ discretion 
through self-conformity assessments. Furthermore, existing legal frameworks for AI treat 
AI primarily as a neutral tool or product. In this regard, the mitigation of potential human 
rights harms is addressed through legal or technical solutions only. However, as shown 
in II and III, this might undermine the fundamental rights of individuals and groups, 
including concerning their rights to respect for private and family life, the protection of 
personal data, equal treatment and non-discrimination, and citizens’ right to good 
administration. Considering the information asymmetry among developers, deployers, 
and citizens, I-V show the need for adopting interdisciplinary approaches to regulating 
AI, including context-sensitive and inclusive legal requirements that allow direct and 
indirect stakeholders to shape the technological normativity of AI before deploying AI 
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systems in different application contexts in public sectors. Therefore, as stated in I and 
III, the debate on AI regulation needs to be guided by the question of “by whom and for 
which purpose AI systems will be designed and related to that, by whom they are owned 
and deployed and in which contexts they will be applied” (I, p. 144). By conceptualising 
“AI as an autonomous digital technology embedded into societal structures and contexts, 
mediated through digital devices” (III, p. 59), the thesis argues that regulating AI requires 
revisiting existing understandings of AI and adjusting obligations and rights iteratively 
with the involvement of citizens. In turn, to mitigate potential human rights harms to 
individuals and groups and promote human rights concerning the development and 
public-sector use of AI, this thesis proposes five legal conditions and requirements to 
realise them: Fundamental rights impact assessments for robust AI, effective redress 
mechanisms, socio-technical digital literacy, monitoring and enforcement capacity of 
national supervisory authorities, fora for participatory design and the inspection process 
for Ethical AI. By examining existing legal frameworks for AI, the proposed conditions and 
specific requirements aim to promote AI regulation as a “collective responsibility” 
(Cohen, 2017; Yeung, 2019, p. 70) shared among legislators, policymakers, developers, 
deployers, and citizens. 

The author does not assign any agency or legal personality to AI systems. In line with 
the AI HLEG, only individuals or organisations developing and deploying AI systems 
should be held accountable for human rights violations (High-Level Expert Group on 
Artificial Intelligence, 2019a). The thesis focuses on regulating narrow AI systems, which 
can be rule-based or knowledge-based (Barocas et al., 2023, pp. 27-28). It does not deal 
with AI that poses only minimal risk, such as spam filters, nor does the normative analysis 
extend to AI applications for military purposes. Neither does the author focus on 
discussions about “existential risk” (Bostrom, 2014) posed by AI, which is important but 
often overshadow the debate on mitigating potential human rights harms emanating 
from existing and mundane AI use cases. To this end, the thesis examines two use cases 
involving the application of two different AI models in the public sector. 

The first case in II focuses on SM, which facilitates monitoring energy consumption in 
residential households. II particularly analyses the use of non-intrusive load monitoring 
techniques (NILM) enabled by SM. With AI models in smart grids applied for 
recommendations and predictions for more efficient use of energy, II shows a low 
awareness among developers of NILM regarding potential human rights harms to citizens. 
By mapping end-users’ privacy and cybersecurity concerns and conducting a normative 
analysis of these concerns combining technical and legal perspectives, II reveals how 
developers, deployers, and citizens can pre-emptively address potential human rights 
harms. II also examines the end-users’ concerns from a cybersecurity perspective, as the 
analysis of the ransomware attack WannaCry in V demonstrates the importance of 
understanding the harms of cyberattacks for prioritising the goals, limitations, and scope 
of legal frameworks for ICTs. The analysis of end-users’ concerns regarding cybersecurity in 
II, such as tampering with the training and input data, reveals the need to introduce legal 
requirements for cybersecurity in AI to address vulnerabilities of the technology and realise 
robust AI. Additionally, II shows that applicable legal mechanisms in the GDPR, such as data 
protection impact assessments, must be complemented by fundamental rights impact 
assessments before deploying AI in the public sector. 

The second case of this thesis pertains to the use of AI in the administration of 
welfare related to access to essential public services. The author primarily focuses on  
the judgment of the Hague District Court in the Systeem Risicoindicatie (SyRI) case  
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(Case C-09-550982, 2020). This case concerned the so-called SyRI system. SyRI was a risk 
model implemented by government authorities to determine the likelihood of individuals 
committing welfare fraud and helped inform governmental decision-making on the 
allocation of welfare benefits in the Netherlands. This was the first time a Court rendered 
the use of an advanced ICT-based system by the State incompatible with human rights 
obligations (Alston, 2019, 2020; Case C-09-550982, 2020). 

While the Court could not determine the exact functioning of the risk model due to a 
lack of information by the State, the thesis treats SyRI within the meaning of the AI Act 
(Regulation 2024/1689), namely as an AI system with varying levels of autonomy whose 
output generates either a prediction, a recommendation, or a decision. Compared to II, 
the analysis of the SyRI case illustrates that the sources for potential human rights harms 
can lie not only in the AI model but might also emanate from deployers, who purchase 
an AI system and select the purpose of its deployment. It shows that human cognitive 
biases can reinforce AI’s opacity and bias despite applicable legal frameworks, such as 
the SyRI legislation. Therefore, to address potential human rights harms, for example, 
emanating from deploying AI for administrative purposes, the analysis of the SyRI case 
shows the need to include not only legal but also institutional requirements for the 
development and public-sector use of AI. Consequently, the proposed legal conditions in 
this thesis include both legal and institutional requirements to ensure external coherence 
(Taylor, 2023a, p. 30). External coherence refers here to situations where developers or 
deployers comply with existing legal obligations, yet where these obligations are 
insufficient to adequately protect and promote fundamental rights of individuals and 
groups. This is important, considering that the AI Act primarily relies on self-conformity 
assessments by developers of stand-alone high-risk AI systems and where the prime 
expertise to monitor and comply with the obligations remains with the developers and 
owners of the technology. 

Both cases reveal the need for implementing mechanisms that enable citizens to 
participate in joint assessment and development processes in the public sector. As shown 
in II and III and further discussed in Chapter 4, these mechanisms are fundamental rights 
impact assessments, the participatory design approach of VSD, and the co-assessment 
inspection process for Ethical AI. The recommendations are, therefore, addressed 
beyond legislators and policymakers to citizens since realising Trustworthy AI requires 
the participation of citizens in the development and assessment of the technology. 

The introductory chapter of this cumulative thesis is organised as follows: Following 
this chapter, Chapter 2 outlines the methodology and explains the research strategy and 
methods. Chapter 3 provides the theoretical background of the thesis. To this end, 
Section 3.1 illustrates the potential impact of public-sector AI applications on human 
rights, focusing on the core human rights-related normative concern of discrimination, 
and data protection and privacy and cybersecurity issues. Thereafter, Section 3.2 
presents the analytical framework of the thesis. Section 3.3 describes earlier proposals 
for legal frameworks for AI, including the two emerging schools of thought in AI 
regulation. Chapter 4 presents and discusses the main contributions and limitations of 
this thesis. Based on the individual findings in I-III and in the appendix papers IV-V, 
the author determines the legal conditions necessary and sufficient for realising 
Trustworthy AI. The thesis proposes human rights-based legal conditions as part of a 
human rights-based approach to AI and provides a systematic exposition of this approach. 
In conclusion, Chapter 5 summarises the main results and provides avenues for future 
research. 



17 

2 Methodology 
This cumulative thesis in the interdisciplinary fields of law and technology and human 
rights studies applies qualitative research methods using both deductive (I-II; IV-V) and 
inductive methods (II-III) (Creswell, 2012; Hervey et al., 2011). To address the research 
problem, ideas have been developed from particular issues to general concepts (Creswell, 
2012). All publications are conceptual and theoretical. They rely on written sources, both 
primary and secondary, and draw on desk research, literature reviews, and documentary 
analysis to gain a comprehensive understanding of the broad phenomenon of protecting 
and promoting the fundamental rights of individuals and groups regarding the 
development and public-sector use of AI systems. For the legal analysis, both primary and 
secondary law, including EU legal acts, preparatory documents, and case law, have been 
consulted. Due to the thesis's interdisciplinary nature, the methodological approaches 
vary. 

The thesis is divided into expository (I-II; IV-V) and evaluative research (III) (Hervey 
et al., 2011). While expository research facilitates exploring how the phenomenon 
under study relates to the facts of the world and “what” legal options are available to 
address the legal uncertainties it raises, evaluative research helps to find answers to 
questions “to what extent” or “why” by critically examining the facts of the world and 
assessing the adequacy of existing laws in addressing legal uncertainties (Hervey et al., 
2011, pp. 9-10). In this regard, the thesis takes an external viewpoint on the law  
and includes critical perspectives beyond the traditional legal approach. This “law in 
action” approach considers not only the rules but also the facts, including the impact of 
power relations on drafting laws and their interpretation in different institutional 
settings (Ballin, 2020, pp. 51-52, 86 ff; Hervey et al., 2011). The research problem has 
therefore been addressed from socio-legal (I; III; V), technical and legal (II), and legal 
perspectives (IV). Table 1 provides an overview of the methodological approaches used 
in the thesis. 
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Table 1. Overview of methodological approaches (source: author) 

Publication Level of analysis Main research 
question 

Research 
strategy 

Methods 

I. AI policy
(international/EU)
+ Legal framework
(EU)

What are the 
European Union 
and the AI 
HLEG's 
objectives in the 
AI strategy to 
address ethical 
and legal 
challenges posed 
by AI?  

Socio-legal 
analysis: 
expository 

Desk 
research, 
literature 
review, 
documentary 
analysis 

II. Individual + Legal
framework (EU)

How does 
current EU 
legislation 
protect the 
prosumer’s data 
and privacy 
rights concerning 
ML-based SM?

Technical 
and legal 
analysis: 
expository 
Case: ML-
based SM 

Desk 
research, 
literature 
review, 
documentary 
analysis 

III. Concept + Legal
framework (EU)

To what extent is 
the proposed 
four-dimensional 
risk-based 
approach in the 
AI Act aligned 
with the 
Trustworthy AI 
concept? 

Socio-legal 
analysis: 
evaluative 

Desk 
research, 
literature 
review, 
documentary 
analysis 

IV. Project +
Legal framework
(EU/Country)

Mida välismaal 
on tehtud? 
[What has been 
done abroad?] 

Legal 
analysis: 
expository 

Desk 
research, 
literature 
review, 
documentary 
analysis 

V. EU +
Legal framework
(EU)

What harms do 
EU cybersecurity-
related laws seek 
to prevent? 

Socio-legal 
analysis: 
expository 
Case: 
ransomware 
attack 
WannaCry 

Desk 
research, 
literature 
review, 
documentary 
analysis 
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Research strategy and method 
The initial step involved identifying legal uncertainties and (material and immaterial) 
harms that potentially result from AI's widespread development and adoption and 
identifying gaps in existing laws to address these issues. This is a commonly applied 
approach in law and technology scholarship (Crootof & Ard, 2021). The concept of legal 
liability, established as a central problem in this field of study, informed the analysis of 
legal requirements for AI (Pałka & Brożek, 2023; Schrepel, 2023). Legal liability was 
examined from a human rights perspective to understand how to mitigate potential 
harms related to the development and public-sector use of AI (Shelton, 2015; Wagner, 
2019). This allowed for analysing the phenomenon from not only a legal but also an 
institutional perspective. 

Concerning the expository research sections of the thesis, as part of a report on legal 
frameworks for AI (IV), the author analysed various national AI policies, recent legislative 
changes in selected EU Member States' liability regimes, and the EU AI strategy. For this 
purpose, the author consulted the EU database EUR-Lex, the Publications Office of the 
European Union, the Legislative Observatory of the European Parliament, the Public 
Register of Council documents, and the Google Search database. The initial findings on 
the objectives of the EU AI strategy informed the empirical section of Publication I. 
The book chapter establishes a general understanding of AI system types and provides 
an overview of the domains where the technology is applied. The author conducted a 
literature review on regulatory approaches to ICTs using the Scopus and Google Scholar 
databases to identify research gaps in the regulatory discussion on AI. This facilitated the 
examination of theoretical frameworks for regulating ICTs that could be applied to 
conceptualise normative issues concerning AI and identified Lessig's four modalities of 
regulation, the VSD approach, and the fundamental rights-based approach of the AI HLEG 
as part of the tripartite framework of Trustworthy AI (lawful, ethical, robust AI). These 
frameworks guided the subsequent steps in the thesis. To ensure the protection of 
fundamental rights concerning AI, the findings in I showed the importance of including 
AI developers in developing legal guidelines for AI. Additionally, it confirmed that one of 
the main normative uncertainties raised by AI for the protection of fundamental rights 
concerns the rights to respect for private and family life and the protection of personal 
data, as highlighted in several EU documents, including in the AI HLEG’s ethics guidelines 
and policy and investment recommendations for Trustworthy AI (High-Level Expert 
Group on Artificial Intelligence, 2019a, 2019b). 

Publication II, therefore, looked at how extant EU secondary legislation protects the 
fundamental rights to private and family life and the protection of personal data 
concerning the development and use of AI. The book chapter was written in conjunction 
with the publication of the White Paper on AI by the Commission and the call therein to 
review the applicability of existing EU legislation about AI (European Commission, 
2020b). The analysis involved evaluating how adequately extant legal principles, rules, 
and mechanisms enshrined in EU secondary legislation, particularly in EU data protection 
and cybersecurity laws, can address end-users concerns related to the development and 
use of a ML-based technology. The study considered the importance of both technical 
and non-technical methods to establish legal frameworks for AI based on fundamental 
rights, in line with the objectives in the ethics guidelines for Trustworthy AI (High-Level 
Expert Group on Artificial Intelligence, 2019a). To achieve this, legal and technical 
methods from engineering science were combined, using an interdisciplinary systems 
thinking approach. Drawing on the technical expertise of engineers in AI and their work 
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on the use of NILM in nearly zero energy buildings at the home university, the authors 
chose to study the highly privacy-invasive technology of SM.  

The Commission made the introduction of SM in residential households mandatory as 
part of the Clean Energy for All Europeans package and the European Green Deal, seeing 
SM as crucial to climate change mitigation efforts, especially when combined with ML 
techniques. However, using the technology could severely affect human agency and 
human dignity. The publication first reviewed the technical literature to identify 
end-users’ concerns about the development and use of SM in residential households. 
By end-users, we referred to electricity prosumers treated in the thesis as citizens and 
data subjects. We categorised these concerns based on data protection and privacy and 
cybersecurity and considered them to be generalisable to other AI applications. We then 
analysed the end-users’ concerns from a legal perspective, taking a positivist, doctrinal 
approach while adopting a critical perspective on the law (Ballin, 2020; Hervey et al., 
2011). This involved identifying the legal provisions about the end-users’ concerns and 
then interpreting how adequately the relevant legal norms and mechanisms can address 
them. We used a textual and teleological approach to treaty interpretation to evaluate 
the applicability of the EU’s secondary law in this regard, considering the overarching 
principles and objectives stipulated in the primary law of the EU Treaties (Lenaerts & 
Gutiérrez-Fons, 2013). Based on the combined technical and legal analysis, we inductively 
developed a tool as part of a table that aims to enhance the protection of fundamental 
rights to private and family life and personal data by providing developers, deployers, 
and citizens guidance for either developing or using AI. 

Publication III is part of the evaluative research section of the thesis. After the 
Commission presented the proposal for an Artificial Intelligence Act in April 2021, 
the article examined how adequately the legal requirements in the proposal, including 
the four-dimensional risk-based approach, protect and promote citizens’ fundamental 
rights. Following the methods used in law and technology scholarship (Crootof & Ard, 
2021), the author identified a preferred legal approach to AI that is precautionary. This 
allowed for the reassessment of the EU legal framework for AI. The author collected 
information through desk research, a review, and a documentary analysis of AI governance 
literature in the EU using the Scopus database, EU database EUR-Lex, and Google’s site 
search function. The article looked at the four ethical principles and seven requirements 
in the AI HLEG framework for Trustworthy AI and evaluated their translation into legal 
rights and obligations in the proposal (lawful AI). This helped determine the proposal’s 
shortcomings. It showed that the proposal did not fully implement the fundamental 
rights-based approach of the AI HLEG and its principles of the prevention of harm, respect 
for human autonomy, fairness, and explicability. 

When protecting civil liberties and empowering citizens, one of the main proposed 
amendments in the article was to add substantive and procedural rights for citizens, 
including but not limited to effective redress mechanisms. Additionally, the article 
identified the need to include provisions that make access to educational programs 
in AI mandatory by law to increase digital literacy and, thus, citizen’s capabilities. 
Based on the experience with enforcing the GDPR, this would also benefit future public 
officials’ monitoring of AI use cases when implementing AI laws. Thirdly, since ex-ante 
self-conformity assessments for high-risk AI applications give developers significant 
discretion and decision-making authority regarding AI standards and values, the paper 
calls for incorporating mechanisms into legal frameworks for AI that make public 
participation in the future shaping of AI systems mandatory. This includes rights for 
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public participation in developing AI, particularly in revising high-risk AI applications and 
creating public registries of AI use cases. This would enable the implementation, 
enforcement, and monitoring of legal frameworks for AI based on fundamental rights, 
as envisioned in the human rights-based Trustworthy AI framework. III, therefore, argued 
that the Commission opted for a permissive approach, which does not adequately 
protect and promote fundamental rights. 

Publication V, listed in the appendix and part of the expository research section, 
studied a prominent ransomware attack, WannaCry, which significantly impacted the EU 
cybersecurity strategy and legislative action in this area. The discussion paper aimed to 
determine the types of harm caused and provide legal guidance on the scope and goals 
of emerging EU cybersecurity laws during the EU’s initial legislative actions on 
cybersecurity. We collected information via the EU database EUR-Lex and the Google 
Search database using Google’s site search function. This included EU legal acts, 
preparatory and other EU documents such as transcripts of speeches, and commentary 
by cybersecurity experts and policymakers in the media and selected blogs (Financial 
Times, The New York Times, The Washington Post; The AI Blog) due to the recent nature 
of the attack. The findings informed the conceptualisation of cybersecurity in II. 

Based on the individual findings in I-V, the thesis proposes human rights-based legal 
conditions for protecting and promoting the fundamental rights of individuals and groups 
concerning the development and public-sector use of AI as part of a human rights-based 
approach to regulating AI. This approach is precautionary, participatory, bottom-up and 
complementary to the risk-based approach in the AI Act. As illustrated by Figure 1, 
the conditions are derived from the AI HLEG framework for Trustworthy AI, particularly 
the four ethical principles contained in the theoretical model, and extant legal sources, 
namely the legal principles and mechanisms within the GDPR and pertinent EU 
cybersecurity legislation. Additionally, the author evaluated the AI Act, including 
amendments to the Commission’s Proposal during the ordinary legislative procedure 
before the publication of the AI Act in the Official Journal of the European Union. 
The conditions aim to respond to the normative concerns raised by AI as identified in II 
and the harms mapped in V. 

Figure 1. Illustration of the development of the human rights-based legal conditions for Trustworthy 
AI (source: author) 



22 

Table 2. Explanation of Figure 1 (source: author) 

Throughout the doctoral studies, the author analysed various aspects of the 
phenomenon under study. This also included regulating the development and use of AI 
for military purposes. In this regard, the author focused on how to establish meaningful 
human control over the critical functions of autonomous weapons systems. The author 
has not submitted these findings for publication but has used some of them as 
preparatory materials for co-taught courses at the home university. The feedback from 
the Ragnar Nurkse Department doctoral school seminar participants, especially the 
emphasis on sustainability in regulating ICTs, influenced Publication III and was 
integrated into its revised version. 

Description Explanation 
Normative concerns involving 
AI 

End-user concerns identified in II and harms 
identified regarding the ransomware attack 
WannaCry in V 

AI HLEG ethical principles Respect for human autonomy, the prevention of 
harm, fairness, and explicability 

Applicable law Cybersecurity Act, NIS 1/NIS 2 Directives, Electricity 
Directive, GDPR 

AI Act proposal Up until the European Parliament legislative 
resolution of 13 March 2024 

Human rights-based legal 
conditions for Trustworthy AI 

Legal and institutional requirements for 
Trustworthy AI 
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3 Theoretical background 
This chapter provides the theoretical background of the thesis. First, it examines the 
impact of public-sector AI applications on human rights, focusing on the core human 
rights-related normative concern of discrimination, and data protection and privacy and 
cybersecurity issues raised by AI. Two AI use cases further illustrate the impact: the case 
of SyRI, which refers to the use of AI in the administration of welfare, and the case of SM, 
which is related to the use of AI in the monitoring of energy consumption in residential 
households. Subsequently, the author presents the analytical framework of the thesis. 
The chapter then outlines existing legal proposals for AI regulation, including the two 
main emerging regulatory approaches to AI. 

3.1 The impact of public-sector AI applications on human rights 
The use of both rule- and learning-based AI in the public sector has increased significantly 
across Europe in recent years (Busuioc, 2021; Chiusi et al., 2020; Kaun et al., 2023; Redden 
et al., 2022; Tangi et al., 2022; Wolswinkel, 2022). AI is used in fields such as predictive 
justice, predictive policing, or the allocation of welfare benefits using risk indicators and 
impacting access to public services. Quantifiable, data-driven decision-making represents 
an emerging mode of control over and coordination in society with numerous implications 
for human agency in the relationship between the State as the duty bearer and the 
citizens as rights-holders under the rule of law (Hildebrandt, 2018; Hoffmann-Riem, 
2020, 2021; Murray, 2021; Nemitz, 2021; Nemitz & Pfeffer, 2020; Yeung, 2018). The use 
of AI in the public sector is generally expected to result in more efficient and effective 
delivery of public services (Misuraca & van Noordt, 2020). Additionally, it may reduce 
error rates and bias, save time and resources, increase transparency, and improve 
accessibility and availability of public services (Coglianese & Lehr, 2017; Wirtz et al., 2021; 
Zuiderwijk et al., 2021). However, AI can also negatively impact people’s agency and 
freedoms when they are subjected to an administrative decision, either informed or 
automated by an AI system (Alston, 2019; Jørgensen, 2023; Kaun, 2022; A/74/493, 2019; 
Wendehorst, 2020; Wieringa, 2023). In the public sector, this is crucial because the 
government usually has exclusive authority over public decision-making processes and 
must act under the rule of law while respecting, protecting, and fulfilling fundamental 
rights as ratified in international treaties and enshrined in its constitution (Greenstein, 
2022; Nyman-Metcalf & Kerikmäe, 2020). 

AI’s main functionality is its ability to replicate human intelligence, including reasoning 
and decision-making, and to assist or replace humans by (partially) automating a diverse 
range of tasks through software running on substantial amounts of personal and  
non-personal data (Russell & Norvig, 2010). In this regard, distinguishing between the 
forms of AI’s autonomy is helpful. Barocas et al. (2023) outline three forms of 
automation. The first concerns translating decision-making rules agreed upon by humans 
in policies into software (Ibid.). In this case, human decision-making is aided or 
automated by rule-based AI. The second relates to replicating informal judgments of 
humans and translating them into software (Ibid.). Thirdly, AI systems can establish new 
rules based on data for decision-making processes without relying on human-made, 
pre-existing rules (Ibid.). The latter two cases involve ML-based AI. Whereas ML-based AI 
can achieve better performance, accuracy, and effectiveness than rule-based systems, 
rule-based AI is less opaque and more transparent (Ebers, 2020; Waltl & Vogl, 2018). 
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However, all three forms can negatively impact human agency and the legal interests of 
individuals and groups (Barocas et al., 2023; Niklas, 2020). 

This thesis argues that if developed and deployed within a legal framework and 
institutional system that adequately protects and promotes fundamental rights, the 
potential of AI systems for the tasks they are designed for, such as facilitating or 
automating detection, prediction, and monitoring processes in areas ranging from 
energy to healthcare, law enforcement, employment, social welfare administration or 
the administration of justice and democratic processes, could be increased, and potential 
human rights harms to individuals and groups mitigated (Hoffmann-Riem, 2021; Nemitz, 
2018; Smuha, 2020); I-V). However, realising adequate protection and promotion of 
fundamental rights concerning the development and public-sector use of AI is a complex 
challenge. 

Delegating tasks traditionally assumed by humans to novel technologies is not new. It 
does not necessarily have to raise normative concerns that reach the fundamental rights 
realm and material scope. However, the ethical and normative implications of delegating 
tasks from humans to AI systems are unprecedented due to AI’s human-designed 
capabilities for inferential statistics, data-matching, and profiling (A/HRC/38/35, 2018). 
Furthermore, they are unparalleled because AI is opaque, may exhibit bias, operates with 
partial autonomy, and is highly intrusive while widely deployed in society by private 
and public entities (Hoffmann-Riem, 2021; Yeung, 2019). Additionally, the speed of 
decision-making, the potential for the scalability of AI and the resulting complexity of the 
“black box” technology are unexampled (Burrell, 2016; Loi & Spielkamp, 2021; Pasquale, 
2015; Yeung, 2019). Although environmental considerations have played only a minor 
role in the debate on regulating AI, considering them is at least equally important. 
As evidenced, energy-intensive computational methods and the increasing extraction of 
resources for their development are often neglected side effects of the green and digital 
transition (Santarius et al., 2023; van Wynsberghe, 2021). 

Consequently, AI raises several human rights-related normative concerns, including 
discrimination, data protection and privacy, cybersecurity, and environmental concerns 
(Yeung, 2019; I; II; V). With AI’s potential to “continually and immanently mediate and 
pre-empt our beliefs and choices” (Cohen, 2017, p. 89), AI even presents significant 
challenges to the existing idea of fundamental rights and its underlying principle of 
human dignity (Cohen, 2019; Hildebrandt, 2015; Murray, 2021; Nemitz, 2018). 

In turn, the introduction of AI has implications for the realisation and protection of all 
fundamental rights, encompassing civil and political, socio-economic, collective, absolute, 
and derogable rights, and the principles of legality, necessity, and proportionality, whether 
understood as being codified in treaties or considered as moral entitlements from an 
ethical standpoint (Cohen, 2017; High-Level Expert Group on Artificial Intelligence, 
2019a; Yeung, 2019)7. This raises questions about handling the technology, including its 

7 See also the references to the fundamental rights enshrined in the Charter that the AI Act 
(Regulation 2024/1689, recital 48) seeks to protect: The “right to human dignity, respect for private 
and family life, protection of personal data, freedom of expression and information, freedom of 
assembly and of association, the right to non-discrimination, the right to education, consumer 
protection, workers’ rights, the rights of persons with disabilities, gender equality, intellectual 
property rights, the right to an effective remedy and to a fair trial, the right of defence and the 
presumption of innocence, and the right to good administration, […] [the rights of the child] 
enshrined in Article 24 of the Charter and in the United Nations Convention on the Rights of the 
Child, further developed in the UNCRC General Comment No 25 as regards the digital environment, 
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potential misuse by malicious actors. Regulatory approaches to AI, the objective of which 
is to promote economic interests over the protection of fundamental rights, might not 
achieve their intended goals. If the goal is to attain Trustworthy AI related to the 
development and public-sector use of AI, then legislative frameworks for AI need to 
include requirements that prioritise long-term protection of human values, the 
environment, and the public interest over short-term economic interests (Nemitz, 2021; 
Taylor, 2023a; Whittaker, 2021; III). 

The impact of public-sector AI applications on human rights can become clearer when 
examining the functionalities and internal logic of AI systems. Normative concerns primarily 
arise from AI’s reliance on detecting patterns in data and correlating these data points to 
make either recommendations for human decisions or automate decision-making (Ebers, 
2020; Hildebrandt, 2018; Hoffmann-Riem, 2021; Mayer-Schönberger & Cukier, 2013). 
The main problem with this statistical reasoning is that civil servants might rely on an AI 
system’s output, a recommendation or prediction, as the sole basis for decision-making 
with legal implications for individuals and groups (Laux et al., 2024; Niklas, 2020). In this 
regard, civil servants tend to treat AI systems as neutral technology (Niklas, 2020; 
Wagner, 2019). This can lead them to unreflectively trust the output of AI or result in a 
limited likelihood for them to override an AI system, known as “automation bias” (Green, 
2022, p. 7; Laux, 2023; Niklas, 2020; Wagner, 2019). Yet, the quality of the data input 
impacts the output, as encapsulated by the wording “garbage in, garbage out” 
(Anastasopoulos & Whitford, 2019, p. 506; Kitchin, 2017). If the information and data on 
individuals and groups used for AI-informed decisions are inaccurate, it can result in 
biased decisions and discrimination (Crawford, 2013; Niklas, 2020). In turn, this can lead 
to human rights harms and potential violations of both substantive and procedural 
safeguards for individuals and groups, impacting, for example, the rights to respect for 
private and family life, the protection of personal data, non-discrimination or the right to 
good administration (Alston, 2019; Barocas et al., 2023; Niklas, 2020; A/HRC/38/35, 
2018; A/74/493, 2019). The likelihood of human rights harms can increase due to factors 
such as weak information on the functioning of the system, poor data handling, weak 
technical expertise, time constraints, poor working conditions, low motivation or strong 
hierarchies with little agency for public servants to rectify visible mistakes (Green, 2022; 
Laux, 2023; Niklas, 2020; Wagner, 2019). Understanding contextual factors concerning 
the development and public-sector deployment of AI is, therefore, crucial to mitigating 
discrimination and potential human rights harms. 

The next sub-section investigates the human rights-related issue of discrimination in 
more detail. Thereafter, the issues of data protection and privacy and cybersecurity are 
addressed. 

3.1.1 Discrimination 
Bias or discrimination is a key normative concern about AI (Barocas et al., 2023; Hacker, 
2018; Lehr & Ohm, 2017; Martínez-Ramil, 2022; Zuiderveen Borgesius, 2020); I; II). 
From a technical standpoint, discrimination can be intentional or unintentional (Barocas, 
2014). Unintentional discrimination often occurs due to statistical bias or inaccurate 
inferences from avoidable errors in the data mining process (Barocas, 2014; Barocas et al., 
2023). From a legal perspective, discrimination can be direct or indirect (Hacker, 2018; 

[…] the fundamental right to a high level of environmental protection enshrined in the Charter and 
implemented in Union policies […].” 
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Zuiderveen Borgesius, 2020). To prove indirect discrimination, the crucial factor is not 
the intention but the impact of AI-informed decision-making on the individual or group 
(Zuiderveen Borgesius, 2020). This type of unintended discrimination occurs hidden 
(Ibid.). Still, it can have the same serious outcomes, causing primarily immaterial, 
psychological harm, depending on the type of service the affected individual or group 
expected to receive (Yeung, 2022). Proving that discrimination occurred concerning AI is 
highly difficult for affected persons (Yeung, 2019; Zuiderveen Borgesius, 2020). Often, 
an individual is unaware that an AI system has directly or indirectly discriminated against 
them based on race or ethnicity or indirectly through proxy discrimination, for example, 
based on location (Martínez-Ramil, 2022; Zuiderveen Borgesius, 2020). This can occur 
because individuals do not know that AI is deployed on them. If individuals become 
aware, they have hurdles to prove causation between the model’s logic and its effects 
on them. Additionally, individuals often waive their rights when entering into contractual 
relationships or obligations by consenting to conditions that allow AI companies to, for 
example, claim trade secrecy and intellectual property rights (Yeung, 2019).8 
Furthermore, public authorities often withhold information from citizens about risk 
indicators and the algorithm’s functioning for reasons that include “gaming the system”, 
for example, in welfare allocation contexts (Case C-09-550982, 2020; Rachovitsa & 
Johann, 2022). 

The right to information not only about the data input but also about the data output 
of AI, namely how public authorities further process personal data, is, therefore, crucial 
in mitigating potential discrimination (Wachter & Mittelstadt, 2019; Wachter et al., 
2017a). Consequently, legal frameworks for AI need to include requirements that 
mandate public authorities to provide explanations to citizens about how administrative 
decisions based on risk indicators, whether recommended or solely taken by AI, have 
been made to the extent that the overall functioning of the system is preserved. 
However, these requirements, which concern increasing transparency and explicability 
in calculating risk indicators with legal effect for individuals, can only be considered 
necessary but not sufficient mitigation measures (Ananny & Crawford, 2018; Busuioc, 
2021). This is primarily but not exclusively due to the opacity of AI. 

The opaque nature of AI, also known as the “black box” problem, makes detecting and 
mitigating discrimination challenging (Pasquale, 2015). According to Burrell (2016), 
opacity can entail an intentional dimension, namely the interests of organisations and 
governments in withholding information from citizens for corporate or State secrecy 
reasons (for example, national security concerns) (Burrell, 2016). Secondly, opacity can 
arise due to technical illiteracy (Ibid.). Third, opacity can result from the features of AI’s 
complexity and, hence, the difficulty of deploying AI in a targeted way (Ibid.). In the 
second type, both the developers and deployers of the technology may not fully 
understand the inference process, the step between the input data and the output 
(Ebers, 2020; Kitchin, 2017). This lack of understanding can result in discriminating 
against specific individuals or groups and requires the introduction of measures to 

8 See also the broad exceptions to Article 22 in Article 22(2) of the GDPR (Regulation 2016/679), 
which present hurdles for citizens to address issues of discrimination and bias relying on extant 
data protection legislation: “Paragraph 1 shall not apply if the decision: is necessary for entering 
into, or performance of, a contract between the data subject and a data controller; is authorised 
by Union or Member State law to which the controller is subject and which also lays down suitable 
measures to safeguard the data subject’s rights and freedoms and legitimate interests; or is based 
on the data subject’s explicit consent.” 
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increase the socio-technical digital literacy of developers, deployers and citizens (Burrell, 
2016; Edwards, 2017-2018; Hasselbalch, 2021; Pasquale, 2015; III). 

When considering explicability and transparency requirements as mitigation measures 
against potential discrimination, opacity can impact the quality of the explanations 
provided to individuals. Hence, depending on the context in which the technology is 
deployed, beyond the requirement for public authorities to explain to individuals which 
risk indicators were most influential for the final decision-making process, it is necessary 
that deployers also provide information on the systems' limitations (High-Level Expert 
Group on Artificial Intelligence, 2019a; III). One argument is that legal requirements for 
developers to create explainable models for AI should be weighed against the economic 
benefits of achieving transparency and explicability (Buiten, 2019). While financial 
considerations are important, especially from the perspective of small and medium-sized 
enterprises developing AI systems, when AI is used in sensitive application areas in the 
public sector such as in law enforcement or welfare contexts, financial costs should not 
pose obstacles for developing more explainable AI models and achieving greater 
transparency in its deployment (Yeung, 2022). 

Moreover, while human oversight (Green, 2022; Laux, 2023), including its main 
approaches of “human-in-the-loop”, “human-on-the-loop” and “human-in-command” 
(High-Level Expert Group on Artificial Intelligence, 2019a, p. 16), is considered a key 
measure to mitigate potential human rights harms, including discriminatory outcomes, 
a requirement for establishing effective human oversight can only be treated as 
necessary but not sufficient against the backdrop of the problem of opacity. Establishing 
effective control over the development and deployment of AI in public sectors, therefore, 
requires adopting complementary mechanisms. Yet even the possibility of contesting an 
AI-informed decision presents an insufficient mitigation mechanism. As shown above, 
existing legal safeguards provided by Article 22 of the GDPR are limited regarding AI 
(Niklas, 2020). Additionally, remedies such as a right to lodge a complaint or a right to 
receive an explanation on individual decision-making from deployers would not 
address other factors such as potential structural or organisational deficiencies, 
particularly where an organisational culture of “rubber-stamping” persists (Wagner, 
2019, pp. 117-118). 

The SyRI case 

The analysis of the SyRI case exemplifies the human rights-related normative concern of 
discrimination (Case C-09-550982, 2020). For several years, the risk model SyRI was 
deployed only in disadvantaged neighbourhoods without citizens’ knowledge. Its use was 
enabled by data aggregation and matching among public authorities, including tax and 
police authorities. The risk model has been refined and modified over the years based on 
previous implementations of similar systems. Additionally, the SyRI legislation9 adopted 
by the Dutch Parliament in 2014 legitimised its deployment only until the Hague District 
Court ruled that it conflicted with Article 8(2) of the European Convention of Human 
Rights (ECHR) (Case C-09-550982, 2020). 

The SyRI case shows that correlation does not mean causation and that the knowledge 
AI-informed consequential decisions are based on might cause immaterial individual and 

9 SyRI legislation here refers to the Work and Income Implementation Organisation Structure Act 
(Wet structuur uitvoeringsorganisatie werk en inkomen) (SUWI Act) as adopted under the SUWI 
Decree: Case C-09-550982, 2020. 
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collective harm in violation of applicable human rights standards (Yeung, 2022; III). 
Additionally, it highlights the importance of adopting legal and institutional requirements 
for AI as part of a precautionary rather than a permissive approach to AI regulation 
(Alston, 2020; Case C-09-550982, 2020; Yeung, 2022). While the detection of welfare 
fraud is in line with ethical principles, the deployment of AI in only disadvantaged districts 
but not others and the way the algorithm was designed to restrict access to social 
benefits demonstrated the potential of AI for differential treatment and discrimination 
causing both material and immaterial harms to a generally vulnerable group of people as 
individual and collective rights-holders (Alston, 2019; Chiusi et al., 2020; Gantchev, 2019; 
Rachovitsa & Johann, 2022; A/74/493, 2019; van Bekkum & Borgesius, 2021). Whereas 
the State claimed to have used a rule-based system that primarily relied on decision 
trees, the Court eschewed classifying the system as an automated decision-making 
system within the scope of Article 22 of the GDPR due to a lack of information by the 
State about the exact functioning of the system (Case C-09-550982, 2020, paras. 6.47, 
6.60, 6.90). Yet, based on the SyRI legislation, the Court still determined that SyRI’s risk 
model could be based on deep learning and involve data mining to create risk profiles 
and generate risk reports on individuals receiving welfare benefits by linking governmental 
databases (Case C-09-550982, 2020, paras. 6.53, 6.63, 6.93, 6.102). 

The SyRI case reveals the need to address gaps in the law and introduce institutional 
requirements for the development and public-sector use of types of AI systems that can 
inform administrative decision-making with legal effects for the individuals affected. 
It reveals how the lack of transparency in the deployment of SyRI, the deliberate choice 
of deploying the system primarily in disadvantaged areas, and weak communication 
between affected persons and the deployers of SyRI can impact fundamental rights 
beyond the right to respect for private and family life (Case C-09-550982, 2020, paras. 
6.91-6.95). Additionally, since neither the risk indicators nor the functioning of the risk 
model was made public and existing legal remedies under the GDPR proved insufficient 
to provide information rights to affected persons related to the data output of the 
system, the case illustrates the need for effective redress mechanisms, improved 
monitoring of fundamental rights by national supervisory authorities and mechanisms 
that can increase the participation of affected persons in addressing potential 
discrimination. Even though the Court primarily relied on Article 8 of the ECHR and the 
right to respect for private and family life, home and correspondence, the ramifications 
of the deployment of SyRI show that the implementation of AI for administrative 
purposes can affect multiple civil-political and socio-economic rights at once, including 
people’s human dignity and autonomy, the right to non-discrimination, the right to an 
effective remedy, and the right to access to social security in similar future applications 
(Case C-09-550982, 2020, paras. 6.91-6.95). 

3.1.2 Data protection and privacy and cybersecurity issues 
In addition to discrimination, data protection and privacy issues have been among the 
most highlighted normative concerns about AI, following up on earlier debates on 
regulating digital technologies (Citron & Solove, 2022; Etzioni, 2007; Hoffmann-Riem, 
2021; Kriebitz & Lütge, 2020; Solove, 2024; Wachter & Mittelstadt, 2019; Wachter et al., 
2017a; Wachter et al., 2017b, 2020; Zuiderveen Borgesius, 2020). Privacy is another form 
of protection of human dignity (Kriebitz & Lütge, 2020). The scarce yet emerging case law 
on AI systems in the public sector has revealed that Courts primarily rely on the right to 
respect for private and family life to restrict overly intrusive algorithmic decision-making 
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based on the processing of personal data and require that substantive and procedural 
adjustments related to the data handling, management and communication be made 
(Case C-09-550982, 2020). Privacy concerns of citizens are also mentioned as the most 
crucial factors for governments to consider before implementing AI for public service 
delivery (Kleizen et al., 2023). They primarily originate from AI’s functionalities and 
techniques of tracing and inferring information about individual and group behaviour 
and characteristics from personal data, precisely the use of AI in privacy-sensitive areas 
such as residential households (II). 

As revealed in II, end-users’ privacy and cybersecurity concerns include the denial of 
access to services, the exhibition of user habits and lifestyle, the exhibition of illnesses 
and disabilities, the identification of home appliances, denial of personal mobility and 
discrimination. V shows that privacy and cybersecurity concerns are intricately linked and 
can impact people’s fundamental rights and trust in advanced ICTs. Therefore, legal 
frameworks for AI focusing on the dimension of cybersecurity should secure both 
interconnected information systems, including data, information systems and networks, 
and the aggregate interactions among human users, society and these information systems 
and networks (II; V, p. 21; Papakonstantinou, 2022; Von Solms & Van Niekerk, 2013). 

To perform its various functions in the public sector, AI relies on the provision of 
personal data by individuals (Busuioc, 2021). The principle of consent governs the 
protection of personal data and privacy, including data collection, between individuals 
and public or private entities (Yeung, 2019). Consent is the prime legitimate cause for 
public authorities’ processing of personal data and sharing it with third parties, including 
the principles of lawfulness and data minimisation (Yeung, 2019). Previous case law, 
however, has shown that third parties might use individuals’ personal data for purposes 
other than those initially envisaged by the individual, such as for commercial and data 
analytics practices and personalised price offers based on consumer profiles (Espinosa 
Apráez, 2022; II). Therefore, processing personal data remotely using AI without 
informed consent from the individual can threaten the fundamental rights to respect for 
private and family life, home and correspondence, and the protection of personal 
data (Kriebitz & Lütge, 2020). 

Furthermore, AI shifts information rights from the individual to the collective, 
particularly by using the technology primarily for monitoring and predictive purposes 
based on a sample of a general population rather than an individual (Taylor et al., 2017a; 
Taylor et al., 2017b; Yeung, 2019). However, inferring information from a group’s sample 
creates significant challenges for extant data protection regulations, which focus on 
protecting individual rather than collective rights (Yeung, 2019; Zuiderveen Borgesius, 
2020). 

In extreme cases, by sharing data with the State and third parties, the State can match 
databases and aggregate the data with sensitive AI applications such as remote biometric 
systems for law enforcement purposes. This has occurred in authoritarian States, 
particularly against ethnic minorities and political opponents (Case 11519/20, 2023; 
Kriebitz & Lütge, 2020; Niklas, 2020). To prevent these extreme cases of surveillance 
practices enabled by AI, Kriebitz and Lütge (2020) propose three rules: Data transfers 
from enterprises to public authorities should only be permitted if all parties provide 
consent in the context of asymmetric and dynamically changing power relations, 
consented data processing can only be applied for purposes aimed at reducing harms to 
other actors (harm principle), and the use of privacy-intrusive AI solutions should be 
weighed against the proportionality principle. 



30 

Consequently, AI and the data processing that enables its use can threaten the 
fundamental right to the protection of personal data in at least three aspects: First, public 
and private authorities can process data without the informed consent of the individual. 
Secondly, individuals might waive their right by consent for convenience. Thirdly, 
the inferential analytics afforded by AI enables inferring sensitive information about 
individuals and groups. However, extant data protection legislation also has limitations 
in protecting the privacy of groups as it primarily focuses on the information rights of the 
individual (Taylor et al., 2017a; Taylor et al., 2017b; Zuiderveen Borgesius, 2020). 
Additionally, as shown in the previous sub-sections, the opacity of AI complicates the 
understanding of how the fundamental rights to respect for private and family life and 
the right to the protection of personal data might have been breached (Niklas, 2020). 

The case of smart metering systems 

At the beginning of the debate on regulating AI, threats to the fundamental right to the 
protection of personal data were addressed only from a legal perspective (II). Yet, 
applying solely legal approaches to mitigate human rights harms concerning the 
development and deployment of AI has proven unsuccessful (see, for example, 
Hoffmann-Riem, 2021; Prabhakaran et al., 2022). As shown in II as part of a case study 
on ML methods for monitoring energy consumption in residential households through 
SM, this has implications for data protection legislation effectiveness and enforcement 
concerning the use of AI. From a technical perspective, developers of ML techniques are 
rarely aware of end-users’ concerns and potential threats to fundamental rights the 
development of AI can cause to individuals and groups (II). Additionally, developers are 
often unaware of their legal obligations, thereunder the responsibility to conduct a risk 
impact assessment before the implementation of AI in critical areas where sensitive data 
might be collected. Furthermore, legal guidelines for developers were lacking on how AI 
can be developed so that the deployment of AI is compatible with the fundamental rights 
to respect for private and family life, the protection of personal data, and existing 
cybersecurity obligations (II). 

Hence, II addressed these technical and legal challenges from an interdisciplinary 
perspective. The regulation of SM is a widely discussed topic in the data protection 
literature (Cuijpers & Koops, 2013; Espinosa Apráez, 2022; Huhta, 2020; Lavrijssen et al., 
2022) since its functionalities enable remote real-time reading of energy data in 
residential households, unlike conventional meters. On the one hand, SM enables 
participation in generating renewable energy, more efficient home energy management 
predictions, and personalised price offerings (II). On the other hand, SM functionalities 
allow for fine-grained profiling of citizens based on personal data and information about 
electricity consumption in their private homes. Using ML techniques, particularly NILM 
techniques, enhances this functionality, yet developers of this technique often neglect 
privacy concerns (II). To pre-emptively address potential privacy harms related to the 
implementation of SM in public and private sectors, the publication proposes a visual 
tool in the form of a table that combines both the technical and legal analysis of end-user 
concerns. Before the Commission’s Proposal for an AI Act, it aimed to guide developers 
on their legal obligations related to developing and deploying AI and inform citizens 
about their rights when breaches of applicable data protection standards occur. For the 
development of legal frameworks for AI, II suggested further research into the principles 
and requirements of the AI HLEG, mainly how the principles and requirements for 
Trustworthy AI can inform existing data protection impact assessment mechanisms. 
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More broadly, empirical evidence suggests that public authorities use digital  
solutions to monitor the electricity consumption of welfare recipients (Alston, 2019; 
A/74/493, 2019). Combined with the use of AI for administrative decision-making, 
the implementation of SM could incentivise deployers to use energy consumption data 
collected through SM in the long term. While the use of AI systems for detecting fraud 
or preventing criminal offences in general presents a legitimate public reason, the SyRI 
case shows how the deployment of the technology in residential households for these 
purposes can impact the fundamental right to respect for private and family life and the 
protection of personal data and lead to significant human rights harms to affected 
persons, particularly vulnerable groups in society (Alston, 2019; A/74/493, 2019; 
Yeung, 2022). Therefore, the combined use of SM and ML methods for administrative  
decision-making purposes poses significant challenges to the privacy rights of individuals 
and groups, and consideration of whether its combined use should be prohibited is 
important. 

3.1.3 Summary 
This section aimed to illustrate the current impact of public-sector AI applications on 
human rights and outlined existing mechanisms to address potential bias and 
discrimination, data protection and privacy, and cybersecurity issues raised by the 
development and public-sector use of AI. 

Compared to the case of SM, the analysis of the SyRI case reveals a need to introduce 
not only legal but also institutional requirements for the development and public-sector 
use of AI. These requirements need to address potential human rights harms emanating 
not only from the AI model but also from the decision-making processes of deployers. 
Otherwise, AI systems might reinforce hidden cognitive biases, impacting citizens’ trust 
towards both AI systems and deployers. This necessitates including participatory 
mechanisms that can account for power in the development and assessment of AI 
systems in the public sector. Additionally, the analysis of the SyRI case underscores the 
importance of national supervisory authorities to mitigate potential human rights harms 
by deployers and enable effective redress to affected persons. To realise Trustworthy AI, 
the capacity of national supervisory authorities in the monitoring of AI use cases and the 
enforcement of fundamental rights must be enhanced (III). 

As argued in this thesis, primarily the developers of AI systems and their infrastructure 
impact the protection and enjoyment of fundamental rights of individuals and groups 
concerning AI technology. Therefore, an important requirement to mitigate potential 
human rights harms is to involve AI developers in interdisciplinary, participatory design 
processes. As further highlighted in III, these should be based on critical, participatory 
systems thinking approaches of VSD and the inspection process for Ethical AI 
(Umbrello, 2021, 2022; Umbrello & van de Poel, 2021; Zicari et al., 2021a; Zicari et al., 
2021b). These approaches are intended to increase developers, deployers, and citizens’ 
awareness of the socio-technicity of AI, the importance of design choices in AI 
innovation, and the long-term impact of designing context-specific values in AI for 
citizens (III). In practice, this requires that direct and indirect stakeholders together 
design and assess AI systems such as ML-based SM before their deployment in public 
sectors. 
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3.2 Foundations of human rights protection concerning AI 
This section defines technology, law, and human rights, and outlines the analytical 
framework of the thesis. 

3.2.1 Defining technology, law, and human rights 
The conceptualisation of technology in this interdisciplinary study of law and technology 
and human rights, or “how law shapes technology and how technology shapes the law” 
(Crootof & Ard, 2021, p. 348), has been informed by a post-phenomenological approach. 
In this regard, this thesis treats AI as a technology that “co-determine[s]” human agency 
and “mediate[s] the intentional relation between humans and world” (Ihde, 2009; 
Verbeek, 2005, p. 116), or, further, “as an autonomous digital technology embedded 
into societal structures and contexts, mediated through digital devices” (III, p. 59). This 
understanding of AI highlights its socio-technicity, particularly how the design of AI and 
value choices can impact the protection and promotion of fundamental rights during the 
use of the technology. However, it also considers that an AI system has its own heuristics 
(Hoffmann, 2020), which impacts human oversight over the technology since AI can 
create (long-term) outcomes unintended by its designers (Cohen, 2017). 

Therefore, human beings can shape technology, but technology also shapes human 
beings (Ibid.). This assumption emphasises the importance of incorporating holistic, 
iterative approaches to regulating AI, based on fundamental rights, which is also essential 
for enforcing AI laws and monitoring new AI use cases in the long term. Additionally, 
it implies that an AI system is “neither good nor bad; nor is it neutral” (Kranzberg, 1986, 
p. 545). This is because equally to the law, politics and power can influence the
development and use of AI systems, requiring critical perspectives that extend beyond
the traditional legal approach (Taylor, 2023a).

Law, drafted and promulgated by lawmakers, interpreted and practised by lawyers 
and judges, and consulted by individuals and groups, is commonly defined as “legal rules, 
together with the related institutions, decisions, principles and values expressed in 
normative language that is intended to guide human behaviour” (Ballin, 2020, p. 13). 
Considering the introduction of AI systems, the growing power of digital platforms  
and systemic socio-technical configuration by AI developers, however, traditional 
understandings of law need re-evaluation. Against this background, the thesis adopts 
Brownsword’s concept of law as Law 3.0, which views law as a normative tool alongside 
technological instruments (Brownsword, 2016, 2020, 2022). Governments increasingly 
use non-traditional technology regulations alongside the law to achieve specific regulatory 
objectives, particularly for law enforcement purposes (Brownsword, 2020; Yeung, 2022). 
Therefore, advances in technology have made technology both the object and the 
subject of regulation, also referenced by Lessig under the concept of “code is law” and 
by Brownsword as technological management (Brownsword, 2020; Hydén, 2020; 
Lessig, 1999, 2006), or more prominently in the field of regulatory governance studies as 
algorithmic regulation (Ulbricht & Yeung, 2022; Yeung, 2018, 2022). This understanding 
of law aligns with Cohen’s conceptualisation of fundamental rights (Cohen, 2017), 
highlighting the need to emphasise more the role of AI developers, who influence the 
ordering function of the law and its legal effects through design by embedding their 
values into technology (Nemitz, 2021; Nemitz & Pfeffer, 2020). Legal approaches to 
the regulation of AI, including the field of law and technology in general, are still 
emerging. Understanding law as Law 3.0 requires adopting interdisciplinary, fundamental 
rights-based systems thinking approaches to the regulation of AI to realise Trustworthy 
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AI in the long term. The analytical framework of this thesis, therefore, combines legal 
perspectives, human rights theory and science and technology studies (STS), taking a 
human rights-based, socio-technical perspective on AI regulation. 

While understandings of fundamental rights vary, human rights are most commonly 
treated as ethical demands or legal claims on the State and society by individuals to 
shape and constrain power (Henkin, 1990; Rodley, 2014; Sen, 2004). In the hierarchy of 
norms, national constitutions accord human rights the most prominent position  
(Katz & Sander, 2019; Kriebitz & Lütge, 2020). The subject matter of these rights is, 
therefore, contingent on certain threshold conditions, as only those rights that are of 
“special importance” or of “social influenceability” can receive this status (Kerikmäe & 
Nyman-Metcalf, 2012; Sartor, 2020; Sen, 2004). They are considered a mechanism for 
articulating and realising varied understandings of human dignity (Donnelly, 2013) or for 
protecting individuals’ distinct types of civil liberties from State interference (Henkin, 
1990; Kerikmäe et al., 2016; Kerikmäe & Nyman-Metcalf, 2012). Others conceptualised 
fundamental rights as institutions of society and institutions of the law (Luhmann, 1965). 
As institutions of society, human rights provide continuous protection against external 
factors that can affect the autonomy of the individual and the community. The impact of 
these factors can be made explicit, for example, through technological advancements. 
As institutions of the law, fundamental rights are essential when translating novel ethical 
claims for protecting and promoting the freedom of the individual and groups into law 
(Luhmann, 1965, as cited in Graber, 2017, p. 224). In light of the unequal access to public 
goods and unequal distribution of resources, especially when comparing the Global 
North with the Global South, human rights discourses have also broadened to encompass 
issues of development and capabilities (Nussbaum, 2011; Sen, 2004). 

While often divided into the categories of first-generation rights, which create 
negative obligations on the State not to intervene in the civil and political rights of 
individuals, second-generation rights, demanding that the State create better economic, 
social and cultural conditions for individuals, and third-generation rights, pertaining to 
communal rights such as solidarity and the right to development or a healthier 
environment (Vasak, 1977), this thesis further understands fundamental rights as 
“universal, indivisible and interdependent and interrelated” (A/CONF.157/23, 1993, p. 5). 
It implies that the State, as the traditional duty bearer, has the responsibility to “respect” 
(negative obligation), “protect” (positive obligation) and “fulfil” (positive obligation) the 
human rights of rights-holders so that minorities and vulnerable groups in society enjoy 
the same rights as the majority (Noorman et al., 2019). The rationale for protecting the 
interests of minorities and vulnerable groups and empowering them becomes even more 
important in more sensitive application areas of AI systems, including in law enforcement 
contexts or the administration of welfare (Joamets & Chochia, 2021; Noorman et al., 2019). 
Furthermore, as the UN Human Rights Council affirmed that “the same rights that people 
have offline must also be protected online” (A/HRC/RES/20/8, 2012; A/HRC/38/35, 2018, 
p. 2), it is essential to examine how human rights can be ensured at both individual and
collective levels regarding the development and public-sector use of AI.

3.2.2 Human rights as civil liberties, capabilities, and affordances 
Whereas the State traditionally holds the monopoly over physical force for protecting 
individuals or groups from each other (Weber, 2010), private entities as third parties, 
particularly digital platforms as developers of AI and owners of some of the infrastructure 
it relies upon, have increasingly challenged this role (Jasanoff, 2016; Morozov & Bria, 
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2018; Yeung, 2019; Zuboff, 2019). This has varied implications for the protection and 
enjoyment of fundamental rights. Empirical evidence has shown that previous 
conceptualisations of human rights can hardly address human rights harms concerning 
ICTs alone, enabled by private entities’ development and use of AI (Yeung, 2019). 
Both civil rights and capabilities discourses predate the implementation of big data and 
digital technologies, particularly AI. In an era of ubiquitous computing with “smart digital 
technologies […] continually, immanently mediating and pre-empting our beliefs and 
choices” (Cohen, 2017, p. 89; Hildebrandt, 2015), Cohen (2017), therefore, advocated for 
extending earlier conceptualisations of fundamental rights into affordances. 

To protect fundamental rights in this context, the theoretical perspective of 
human rights as affordances highlights the importance of integrating socio-technical 
considerations into fundamental rights theory and legal practice. Other approaches, 
particularly from data justice discourses, have advanced the capability approach of Sen, 
inquiring into how opportunity freedoms and process freedoms can be understood and 
realised concerning big data and ICTs (Taylor, 2017). While these approaches advocate 
for additional information rights for individuals and groups and particularly emphasise 
education on data use and participation in political decision-making over standards on 
ICTs, they focus less on the impact of architecture and the role of developers (Cohen, 
2017; Taylor, 2017). Therefore, complementary to conceptualising fundamental rights as 
civil liberties and capabilities, the lens of fundamental rights as affordances helps to 
inquire into how the developer, mainly through the design of AI systems and its 
accompanying infrastructure, can either limit or enhance the protection and enjoyment 
of fundamental rights of individuals and groups regarding the development and 
public-sector use of AI in the first place (I-III). This is important, considering that AI has 
an inherent technological normativity that impacts human values, including the 
intellectual and physical freedom of human beings (Brownsword, 2019; Calo, 2022; 
Hydén, 2021). For instance, the development and use of SM for climate mitigation efforts 
could be fundamental rights compliant if the design of the technology and the 
infrastructure it relies on allows for the protection and enjoyment of fundamental 
rights (II). In more concrete practices concerning exercising the right to privacy, existing 
understandings of the fundamental right to privacy focus on the libertarian, 
individualistic concept of consent. However, theory and practice have shown that people 
often waive their right to the protection of personal data by consent due to a lack of 
knowledge, low transparency on how their personal data are processed, or for general 
convenience (Yeung, 2019), demonstrating that previous fundamental rights discourses 
cannot mitigate potential human rights harms posed by AI (Cohen, 2017; Taylor et al., 
2017a). Consequently, addressing individual freedoms such as privacy is a necessary 
condition but insufficient to protect and promote fundamental rights concerning AI. 

Following Cohen (2017, 2019, 2023), we need to re-evaluate the material and 
operational conditions shaped by the process of systemic socio-technical configuration 
by the developers of AI, to ensure that the implementation of AI systems by humans is 
compatible with the fundamental rights of individuals and groups. This involves 
establishing new substantive and procedural human rights standards for the 
development and public-sector use of AI to enable human beings to actively shape and 
constrain technological normativity and resulting values iteratively (III; Drechsler & 
Kostakis, 2014; Taylor, 2023a). This is important because current legal frameworks for AI 
primarily give technology owners and developers the authority to determine AI 
standards, with limited incentives for them to involve other vital domain-specific experts 
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from the public sector (such as doctors) with agency and expertise in establishing AI 
standards and monitoring AI practices under fundamental rights law (Vetter et al., 2022; 
Zicari et al., 2021a; Zicari et al., 2021b; III). 

Consequently, the human rights-based approach of this thesis rests on three pillars: 
the protection of civil liberties, particularly the right to effective redress (Henkin, 1990), 
the promotion of capabilities, focusing on the right to education on AI and access to 
lifelong learning on AI (Sen, 2004; Taylor, 2017), and the advancement of the right to 
participation concerning the development and assessment of AI systems in the public 
sector (Cohen, 2017). The third element, which rests on understanding fundamental 
rights as affordances, pertains to creating legal and institutional requirements that allow 
citizens to “co-determine” how values, principles and rules are “hardwired” into AI 
systems (Cohen, 2017, p. 87). 

Participation in these processes is a critical factor in why citizens accept the use of AI 
systems, particularly in public services (Gesk & Leyer, 2022). This is not to be confused 
with the overly optimistic views on using AI for processes of participation to create value, 
which, in the context of previous digital technologies, has been found to involve risks for 
processes of co-creation and co-production in providing public services (Lember et al., 
2019). To translate human values, principles, and rules, operationalise them via technical 
and legal design requirements and realise Trustworthy AI, this thesis proposes 
introducing participatory design approaches based on the VSD method and the 
inspection process for Ethical AI (Friedman & Hendry, 2019; Zicari et al., 2021b; III). 
This rationale aligns with previous accounts on the impact of architecture and design on 
the exercise of human agency. For instance, Lessig’s four modalities of regulation showed 
how the normative effects of a developer’s choices in designing technology could either 
constrain or reinforce an individual’s choices (Lessig, 1999; I). Additionally, the lens of 
fundamental rights as affordances is consistent with VSD theory as it equally calls for 
employing and combining legal approaches with systems thinking approaches from 
engineers and technologists to operationalise human values, human rights standards and 
principles in practice (Aizenberg & van den Hoven, 2020; Cohen, 2017; Friedman et al., 
2021; Friedman & Hendry, 2019; Umbrello, 2022; III). Protecting and empowering 
individuals and groups in the age of AI requires the introduction of legal and institutional 
requirements enabling citizens and domain-specific experts to participate in the 
development of AI systems and their assessments in the public sector by “reimagin[ing] 
the linkages between information flows and human freedom” (Cohen, 2017, p. 87; III). 

To concretise this human rights-based approach to AI, a second part of the analytical 
framework of the thesis is the four ethical principles and seven requirements in the AI 
HLEG framework for Trustworthy AI. Trustworthy AI can be understood as a new concept 
in human rights theory involving an interdisciplinary, holistic, systems thinking approach 
to AI development and use (Chatila et al., 2021; Smuha, 2020; Smuha et al., 2021). 
Specifically, it can viewed as a new concept for protecting human autonomy concerning 
the development and use of AI as a response to previous calls for creating a 
“counterweight to the pervasive surveillance and asymmetry of power which now 
confronts the individual” and the collective (De Gregorio, 2021; European Data 
Protection Supervisor, 2015, p. 12; Hasselbalch, 2021). To steer AI development and 
uptake in both public and private sectors for societal good, Trustworthy AI aims to 
address the main pitfalls of AI, namely its potential to “unjustifiably subordinate, coerce, 
deceive, manipulate, condition or herd humans” while promoting “responsible 
competitiveness” (High-Level Expert Group on Artificial Intelligence, 2019a, pp. 5, 12; I). 
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In this vein, the AI HLEG ethical principles help to concretise fundamental rights as civil 
liberties, capabilities, and affordances. Therefore, to determine the legal conditions 
necessary and sufficient for protecting and promoting the fundamental rights of 
individuals and groups concerning the development and public-sector use of AI, this 
thesis adopts an analytical framework combining fundamental rights as civil liberties, 
capabilities, and affordances with the ethical principles of the AI HLEG. Following the 
AI HLEG (2019), the analytical framework of this thesis is further grounded in applicable 
human rights law, particularly the Charter, which EU institutions and Member States are 
obliged to adhere to when implementing EU law (Charter, 2016; Kerikmäe, 2014; Schima, 
2015; Seubert & Becker, 2021). Additionally, it is rooted in Article 2 of the Treaty of the 
European Union (TEU) (EU Treaty, 2016). 

The following sub-section examines the role of the Trustworthy AI framework in the 
development of legal frameworks for AI in the context of the EU AI strategy. 

3.2.3 Trustworthy AI: The human rights-based approach of the AI HLEG 
The economic and societal promises of AI and its risks to fundamental rights stimulated 
a debate among EU policymakers on how to approach AI (European Commission, 2018, 
2020b; Floridi et al., 2018; High-Level Expert Group on Artificial Intelligence, 2019a, 
2019b); I; IV). In a global AI competition between the USA and China (Kerikmäe & 
Pärn-Lee, 2021; Smuha, 2021b), the European Council acknowledged in 2017 the 
importance of a coordinated European approach to AI aimed at establishing a 
competitive advantage in AI innovation in the EU while upholding strong data protection 
standards and safeguarding digital rights and ethical values (European Council, 2017). 
It, therefore, requested the Commission to “put forward a European approach to 
artificial intelligence” (European Council, 2017, p. 7). After the Tallinn Digital Summit 
2017, the Commission developed an AI strategy (European Commission, 2018; European 
Group on Ethics in Science and New Technologies, 2018). The AI strategy identified three 
goals, including the need to establish an ethical and legal framework for AI that aligns 
with the Union’s values and the Charter, as advised by the European Group on Ethics and 
Science in New Technologies (European Commission, 2018; European Group on Ethics in 
Science and New Technologies, 2018; IV). The EU AI strategy considers the creation of an 
“ecosystem of trust” and an “ecosystem of excellence” (European Commission, 2020b, 
p. 3). While the former is rooted in applied ethics to develop a human-centric, fundamental
rights-based approach, the latter focuses on responsible investment, innovation, and
implementation of AI (European Commission, 2020b, 2021; I). More broadly, the EU’s
approach to AI combines the development of the digital single market with protecting
and empowering people (De Gregorio, 2021; Newman, 2020; Troitiño, 2022; I). However,
this poses challenges to adequately safeguard fundamental rights and empower citizens
concerning the development and public-sector use of AI (De Gregorio, 2021; III). This is
also visible in the AI Act, which represents an innovation-inspired framework tilting
towards the creation of an ecosystem of excellence rather than an ecosystem of
trust with economic and human values remaining in tension (III; Smuha et al., 2021).
Considering that the AI HLEG’s four ethical principles and seven requirements for
Trustworthy AI are grounded in existing international human rights law standards and
the Charter, III shows that the AI Act Proposal only partially translated them into legal
requirements (Laux et al., 2024; COM/2021/206 final; Smuha et al., 2021).

To inform the implementation of the EU AI strategy, the Commission mandated a 
European expert group composed of stakeholders from industry and academia, including 



37 

human rights scholars, to create AI-specific ethics guidelines and policy recommendations 
(High-Level Expert Group on Artificial Intelligence, 2019a, 2019b). As part of this 
multistakeholder approach, the AI HLEG developed the concept of Trustworthy AI and 
proposed a three-part framework to achieve it (Chatila et al., 2021; Smuha, 2019; Thiebes 
et al., 2021; I). To be deemed trustworthy, AI should be: 
- lawful and in compliance with all extant laws and regulatory frameworks,
- ethical and thus safeguard and promote ethical principles and values in democratic

societies, and
- robust, ensuring both technical and social robustness, especially considering AI’s

potential for unintended harm (High-Level Expert Group on Artificial Intelligence,
2019a, p. 5).

The fundamental rights-based approach of the AI HLEG consists of four core ethical 
principles (respect for human autonomy as enshrined in Articles 1 and 6 of the Charter, 
prevention of harm as stipulated in Article 3 of the Charter, fairness as codified in Article 
21 of the Charter, and explicability as derived from Article 47 of the Charter) and seven 
interdependent ethical and technical requirements (human agency and oversight; 
technical robustness and safety; privacy and data governance; transparency; diversity, 
non-discrimination, and fairness; societal and environmental well-being; accountability), 
and is a response to the array of normative concerns raised by the development and use 
of AI systems (Chatila et al., 2021). Each component and requirement is essential, but 
they only represent necessary conditions, not sufficient ones, for achieving Trustworthy 
AI (Chatila et al., 2021; High-Level Expert Group on Artificial Intelligence, 2019a). To make 
these principles and requirements practical for developers, deployers and citizens, 
the AI HLEG developed the assessment list for Trustworthy AI (High-Level Expert Group 
on Artificial Intelligence, 2020). 

The element of trustworthiness is considered a pre-condition for the uptake of AI 
systems for societal good since previous technologies such as planes, nuclear power 
plants or, medical products and foods could not be used in society if not trusted by the 
people involved and impacted by them (European Commission, 2022; High-Level Expert 
Group on Artificial Intelligence, 2019a, p. 5; Thiebes et al., 2021). Additionally, achieving 
individual and collective trust in the actors and processes regarding the development and 
use of AI systems is essential when considering its use in the public sector, where public 
trust in government has been identified as a critical value in public administration theory 
(Hood, 1991). A high degree of trust in government has been linked to improved quality 
and acceptability of public service delivery, increased willingness for public participation, 
more active civil engagement in political affairs, lower corruption and crime rates, and 
enhanced economic development (Bjørnskov, 2018; van Ingen & Bekkers, 2015, as cited 
in Laux et al., 2024, p. 3). Therefore, as a new concept in human rights theory, realising 
Trustworthy AI requires creating conditions for trust in AI technologies and continuously 
evaluating AI’s widespread adoption in society against the four ethical principles of the 
AI HLEG (III). 

Furthermore, the need for Trustworthy AI is rooted in the complexity of AI and the 
risks and opportunities AI holds for human beings (Chatila et al., 2021; Thiebes et al., 
2021). The primary purpose of Trustworthy AI can, therefore, be understood as managing 
and reducing the complexity that arises from the introduction of the “autonomous, 
adaptive, and interactive” socio-technical system of AI into wider society (III; Luhmann, 
2014; van De Poel, 2020, p. 400). This involves establishing trust in the developers, 
deployers and public institutions monitoring the development and use of AI systems. 
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This can be achieved by establishing human rights-based legal and institutional 
requirements for the development and public-sector use of AI, combining human rights 
and socio-technical perspectives. These requirements would mandate developers to 
develop AI in line with them, deployers to use AI following them, and citizens to 
participate in their implementation and be empowered by them (I-III; High-Level Expert 
Group on Artificial Intelligence, 2019a). The realisation of Trustworthy AI requires an 
inclusive multistakeholder approach, based on interdisciplinary, participatory systems 
thinking, including design- and ethics-based approaches (I-V; Friedman & Hendry, 2019; 
Zicari et al., 2021b). Conceptualising fundamental rights as civil liberties, capabilities and 
affordances and linking these three elements with the AI HLEG framework for 
Trustworthy AI to operationalise fundamental rights regarding the development and 
deployment of AI closes the gap in existing human rights theory concerning AI regulation. 
In other words, it enables translating the AI HLEG ethical principles into new legal 
requirements specific to AI from a human rights-based perspective that is sensitive to 
socio-technical issues that AI raises. As shown in II and III, the translation of these ethical 
principles can be achieved through a combination of technical and legal methods, 
particularly based on the structured systems thinking approaches of VSD and the 
inspection process for Ethical AI (Aizenberg & van den Hoven, 2020; Cohen, 2017; 
Friedman & Hendry, 2019; van den Hoven, 2017). 

Trustworthy AI in this thesis is further understood in line with the AI HLEG as achieving 
“the trustworthiness of all processes and actors that are part of the system’s lifecycle” 
and not the AI system as such (High-Level Expert Group on Artificial Intelligence, 2019a, 
p. 38; Smuha, 2021b). In this regard, Trustworthy AI implies that only humans behind the 
corporations and the AI system and not the technology itself can be held accountable for 
violations of fundamental rights (I; IV). Therefore, regulating AI is related to the question 
of who will design AI systems, for what purpose, who owns and deploys them, and in
which contexts AI will be applied (I; III). Earlier criticisms that humans should trust the
developers and deployers of AI and its institutions only, rather than AI itself, hold general 
value (Bryson, 2018; Freiman, 2022). However, the criticism does not directly apply to
the core understanding of the concept as such and can, therefore, be rebutted (Smuha,
2021b). A more relevant criticism, as mentioned by Laux (2023) and Rieder et al. (2021),
is to place greater focus on the aspects of distrust when establishing legal and
institutional requirements for Trustworthy AI. This is relevant if one considers that
citizens could unreflectively trust and uncritically accept the widespread adoption of AI
systems despite the technology’s earlier discussed technical errors, limitations, and
potential human rights harms. Additionally, the critique that citizens may perceive trust
in AI as externally and technocratically “engineered” (Laux et al., 2024, p. 7) is crucial.
This is important to consider since realising Trustworthy AI is a long-term process
(Kleizen et al., 2023; Laux et al., 2024; III). It requires mechanisms that enable the
participation of citizens in AI regulation by “thinking in and through language and practice 
to reimagine the linkages between information flows and human freedom” (Cohen,
2017, p. 87; Laux et al., 2024). Realising Trustworthy AI in the public sector requires
thinking beyond a “checkbox mentality” (Kleizen et al., 2023, p. 11), gradually addressing 
citizens’ concerns and implementing adequate safeguards for individuals and groups
concerning AI.
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3.3 Legal options for regulating AI 
This section outlines earlier proposals for legal frameworks for AI and presents the two 
main emerging schools of thought on AI regulation: risk- and rights-based approaches. 
Furthermore, it includes the contribution this thesis seeks to make, in particular, to the 
latter. 

3.3.1 Proposals for legal frameworks 
Regulating AI is related to the initial attempts of governments to regulate the Internet 
(Black & Murray, 2019). To unlock the economic potential of the Internet, governments 
embraced a market-oriented approach, refraining from intervening in the market and 
advocating for self-regulation (Savin, 2020). This initial approach eventually led to the 
formation of monopolies of digital platforms known as GAFAM10 and has recently been 
reconsidered by the EU as part of the EU AI strategy (European Commission, 2018, 2020a, 
2020b, 2021). These digital platforms are nowadays the primary owners and developers 
or providers of AI systems representing with their enormous economic and knowledge 
power in our information society one of the two immediate norm addressees in the 
regulatory debate on AI (Floridi, 2020b; Nemitz & Pfeffer, 2020). The economic success 
of big data analytics in e-commerce settings and the promise for greater efficiency in the 
context of austerity programmes after the 2008 fiscal crisis were crucial drivers for 
governments in implementing similar solutions for regulatory purposes in the delivery of 
public services (Yeung, 2018, 2022). Therefore, public authorities as deployers of AI 
represent the second norm addressee in AI regulation. 

Achieving adequate protection and promotion of fundamental rights concerning the 
development and public-sector use of AI is a complex problem (Chatila et al., 2021; 
Smuha, 2020; Smuha et al., 2021; Yeung, 2019). Initially, international civil society 
organisations, including AI researchers, practitioners, and ethics committees, identified 
the need to take regulatory actions on AI, proposing several ethics principles to improve 
the explicability, transparency, oversight and broader accountability of AI (Fjeld et al., 
2020; Floridi et al., 2018; Russell et al., 2015). As prerequisites for the development of 
legal frameworks for AI, some of these initiatives took direct inspiration from the values 
and principles enshrined in existing international and European human rights 
frameworks, data protection legislation and the field of bioethics (European Group on 
Ethics in Science and New Technologies, 2018; Fjeld et al., 2020).11 

At the beginning of the debate on legal frameworks for AI, proposals were made to 
extend extant data protection laws and introduce a right to reasonable inferences 
(Wachter & Mittelstadt, 2019). Arguing that individuals require meaningful protection 

10 GAFAM stands for Google (Alphabet), Amazon, Facebook (now Meta), Apple, and Microsoft: the 
Big Tech companies. 
11 See, for instance, the Asilomar AI Principles by the Future of Life Institute (2017); the IEEE's 
(Institute of Electrical and Electronics Engineers) Ethically Aligned Design Principles: The IEEE Global 
Initiative on Ethics of Autonomous and Intelligent Systems (2016, 2019); the co-created principles 
by the University of Montreal as part of the Declaration for a Responsible Development of Artificial 
Intelligence: Université de Montréal (2018); the Toronto Declaration: Protecting the rights to 
equality and non-discrimination in machine learning systems developed by Amnesty International 
and Access Now and grounded in the International Human Rights Framework: Amnesty 
International & Access Now (2018); the Universal Guidelines for AI published along the Global 
Privacy Assembly Conference held at the European Parliament under the auspices of Giovanni 
Buttarelli: The Public Voice (2018). 
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against not only the inputs but “the outputs of data processing”, these calls aimed to 
address the lack of safeguards and remedies in AI-informed decision-making, focusing on 
increasing transparency and explicability of AI (Wachter & Mittelstadt, 2019, p. 579; 
Wachter et al., 2017a). Even though the yet scarce case law (Case C-634/21, 2023; 
Case C-09-550982, 2020) confirmed that existing principles and requirements for 
transparency stipulated in the GDPR indeed place obligations on deployers of AI, the case 
law also showed that fulfilling the principle of transparency alone would not mitigate the 
spectrum of challenges posed by the introduction of AI into society (van Bekkum & 
Borgesius, 2021). Deployers could easily adjust the transparency parameters of AI to 
comply with the Court’s current interpretation of transparency (Ibid.). In turn, an AI 
system could be deemed transparent but remain discriminatory and opaque due to other 
factors, such as the context in which the technology is used or insufficient oversight and 
monitoring measures (Niklas, 2020; Smuha et al., 2021; II-III). 

Furthermore, while the recent judgment by the Court of Justice of the European Union 
(CJEU) provided clarification on the material scope of GDPR Article 22 regarding 
“Automated individual decision-making, including profiling” by stating that the 
automated processing of personal data for creating “risk scores” in public and private 
entities’ use of AI systems is prohibited (Case C-634/21, 2023; Opinion of Advocate 
General Pikamäe, 2023; Silveira, 2023), relying solely on CJEU rulings and national case 
law related to the GDPR may not be sufficient to address the normative concerns AI 
raises. This also applies when looking at other intrinsic limits of the GDPR, particularly 
how personal data or information is conceptualised in the legal instrument (Gellert, 
2022). As Gellert (2022) argues, the GDPR’s conceptualisation of information can best be 
understood as knowledge communication. Yet, in the context of learning-based systems, 
particularly where profiling is applied beyond individuals to groups for AI-informed 
decision-making purposes, the regulatory target should not be data processing per se but 
the outcome of the learning process of AI. In other words, the processing of personal 
data and information by AI systems ought to be rather understood within the context of 
knowledge production since AI systems continuously improve by the personal data of 
individuals and groups (Gellert, 2022). Moreover, developers’ lack of awareness about 
potential privacy harms an AI model can pose to individuals and groups and about legal 
obligations to potentially mitigate them present additional significant challenges (II). 

As a result of these factors, GDPR Article 22 provides only limited safeguards for 
data subjects concerning AI, specifically as to the explicability and transparency of the 
processing of personal data. The consequence is a need to extend applicable legal 
frameworks and introduce legal and institutional requirements specific to AI (Cohen, 
2017, 2019; Taylor, 2023a; Taylor et al., 2017a; III). 

Several legal scholars have advocated for creating a new legal regime for AI, calling for 
a “robust, holistic and coherent” regulatory approach that mandates ex-ante and ex-post 
requirements towards developers and deployers of AI systems (Black & Murray, 2019, 
p. 16; Murray, 2021; Nemitz, 2018, 2021; Nemitz & Pfeffer, 2020). While Black and
Murray (2019) called on legislators to set red lines for the development of AI, which
cannot meet ex-ante transparency requirements, they also conceded that transparency
requirements are not sufficient to prevent harm in the context of increasing private
ordering and the resulting power asymmetries for people. This also concerns how far
obligations for disclosure of AI-informed decision-making go and how these disclosure
requirements are designed so that they do not create (additional) burdens for citizens
but genuinely inform them about how deployers make AI-informed decisions based on
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their personal data (Ibid.). Some assessed the usefulness of transparency requirements, 
including against the financial costs they might impose on companies and developers of 
AI systems (Buiten, 2019; Reed, 2018). These strands in the scholarship also contended 
that introducing transparency measures needs to be evaluated for their potential impact 
on the accuracy of algorithms, as excessive transparency requirements might reduce 
accuracy (see, for example, Buiten, 2019). 

Drawing comparisons with the regulation of pharmaceuticals and high-frequency 
trading regulation, Martini (2020) argued for introducing new regulatory modalities of 
preventive regulation, risk management tools and ex-post measures such as algorithmic 
responsibility codes. Similarly, Ebers (2020) advanced the idea that AI should be 
regulated based on an innovation-friendly approach, that would follow a co-regulatory, 
multi-level, risk-based approach and include elements such as product licensing, auditing 
mechanisms, regulatory sandboxes and data-based experimental legislation. Likewise, 
Wendehorst (2020) asserted that a risk-based approach presents an appropriate response 
to the physical and human rights-related risks AI can pose to citizens. While necessary 
yet not sufficient, mandatory impact assessments have been proposed for developers 
and deployers to assess the implications of AI systems on fundamental rights before the 
use of the technology (Malgieri & Pasquale, 2024; Mantelero, 2018, 2022; Moss et al., 
2021). 

Others focused on establishing new institutions to coordinate governance and 
legislative efforts on AI at both national and international levels, ensure oversight of AI, 
enable effective enforcement of AI regulation and monitoring of AI use cases 
(Chesterman, 2021; Cohen, 2019; Floridi et al., 2018; Scherer, 2016). On national levels, 
for instance, Scherer (2016) proposed the creation of an agency as part of an Artificial 
Intelligence Development Act with an expert committee to evaluate and certify the 
safety of an AI system and establish procedural mechanisms for experimental AI testing. 
This proposal aligns with the AI4People initiative, which recommended assessing 
national and international institutional capacities, developing AI-focused educational 
programs, implementing redress mechanisms, and appointing AI ombudspersons (Floridi 
et al., 2018). As part of Estonia’s AI strategy, the expert group suggested creating a 
registry of robots and providing new competencies to existing national institutions, 
particularly the Technical Regulatory Authority (IV). On the international level, 
Chesterman (2021) suggested forming an International Artificial Intelligence Agency to 
coordinate efforts on AI for the benefit of humanity globally. Maas and Villalobos’s (2023) 
mapping of 43 initiatives for international institutional development in the field of AI 
attests to the overall complexity of regulating AI and emphasises the need for 
transnational, interdisciplinary and interinstitutional collaboration on AI regulation. 

In addition to the previous proposals, Zech (2021, 2023) mentioned the idea of the 
development of a social insurance fund to remedy harm ex-post. This partially aligns with 
earlier ideas voiced by Estonia’s AI Task Force calling for the development of a national 
insurance fund for AI (IV). The primary function of the fund would be to compensate for 
damage caused by public entities’ use of AI, which is covered by the insurance based on 
a previously agreed list with third parties (developers of AI and insurance companies). 
On the one hand, this would spare the injured party from proving individual causation 
and make determining the traditional burden of proof for strict liability unnecessary. 
On the other hand, it risks lowering the incentive for providers and deployers to comply 
with extant legal requirements if damages could be financially compensated. At this 
initial phase in AI regulation, which types of damages the fund could address is unclear, 
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mainly whether it could compensate for immaterial harm. Additionally, an insurance 
fund as part of economic compensation might divert attention from the necessity to 
create legal frameworks for AI, iteratively adjust legal requirements over the long term 
and enable citizens to meaningfully participate in AI regulation (Noorman et al., 2019). 

3.3.2 Two emerging schools of thought: Risk- and rights-based approaches 
Against this background, prior research on the regulation of AI can be divided into two 
schools of thought. While both aim to mitigate risks concerning the development and 
use of AI through the concept of liability, they diverge on the method to this end, both 
substantively and procedurally. Whereas the first pleads for a preventive top-down 
risk-based approach based on AI auditing mechanisms and self-conformity assessments 
for developers of AI with liability primarily limited to the category of high-risk AI systems 
(Buiten, 2019; Calo, 2017; Ebers, 2020; Martini, 2020; Reed, 2018; Scherer, 2016; 
Wendehorst, 2020), the second calls for the adoption of a bottom-up approach. 

In contrast to the risk-based approach, which often invokes a pro-innovation stance, 
the rights-based approach prioritises public participation and deliberation, introduces 
legal safeguards for citizens through mandatory fundamental rights impact assessments 
for developers and deployers of AI systems, and considers internationally applicable and 
nationally enforceable human rights standards at the development, standard-setting, 
monitoring and enforcement stages (Bria, 2017; Latonero, 2018; Mantelero, 2022; 
McGregor et al., 2019; Morozov & Bria, 2018; Nemitz, 2018; Niklas, 2020; Raso et al., 
2018; Smuha et al., 2021; Yeung et al., 2020). Moreover, as highlighted in III, a human 
rights-based approach to AI treats individuals and groups not only as consumers but 
primarily as citizens, particularly as participatory citizens in AI regulation, where human 
values prevail over economic values. 

Mantelero (2022) adds the perspective of a principle-based approach rooted in ethics 
and international human rights principles. Even though this is not a legal approach  
per se, it belongs to the second school of thought. However, an approach to AI regulation 
based on ethics alone lacks normativity and the legally binding nature of the law for the 
State to force the providers of AI systems as the owners of the technology into 
compliance (A/HRC/38/35, 2018). Additionally, it does not provide legal certainty for 
developers and deployers, including effective redress mechanisms for affected persons. 
Another problem with ethics approaches alone is the risk of “ethics-washing” and 
“ethics-shopping” (Wagner, 2018, p. 4). Specifically, the AI industry might claim to adhere 
to ethics guidelines and yet engage in practices that undermine the fundamental rights 
of individuals and groups. This is also why existing ethics-based auditing approaches to 
AI (Mökander & Floridi, 2021) might not serve the purpose of containing human rights 
harms (AI Now Institute, 2023). 

Complementary to the first and second schools of thought are design-based 
approaches, focusing on “hardwiring” values, principles and rules into AI systems 
through a combination of technical and legal design requirements (Aizenberg & 
van den Hoven, 2020; Friedman & Hendry, 2019; Hildebrandt, 2020; van De Poel, 2020; 
van den Hoven, 2017). However, more than technological fixes through design 
requirements alone are necessary to adequately protect and promote the fundamental 
rights of individuals and groups. It could even perpetuate the problem of opacity and bias 
with AI if the decision to design the technology remains at the developers’ discretion. 

AI has an inherent technological normativity, implying that its code has a regulatory 
impact on individuals (Brownsword, 2019; Graber, 2017; Hydén, 2021). This impact is 
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similar to the influence of legal norms and the coordinating and ordering role of the law 
in society (Hydén, 2020, 2021). Therefore, participatory approaches to the development 
of AI, including deliberation over the requirements of AI systems’ design, are increasingly 
essential for regulating AI (III). This is particularly important, as coding often occurs in 
research clusters driven by commercial interests and in closed environments (Umbrello, 
2022; III). This impacts the design of AI, including the value choices embedded in the AI 
system (Umbrello, 2022; III). 

The codification of the law alone is not a panacea either, as risks remain, such as that 
actors with significant financial resources, including the AI industry, might manipulate 
the legal system by prolonging litigation until claimants potentially give up (Schrems, 
2014). The inclusion of substantive and procedural rights, in particular effective redress 
for affected persons, and the potential creation of new epistemic rights, such as the right 
to information, are, therefore, critical goals in human rights discourses on AI regulation 
(Risse, 2021; Smuha et al., 2021; Wachter & Mittelstadt, 2019; Yeung et al., 2020). These 
issues are not specific to AI per se and have always existed, but they are becoming more 
apparent in the age of AI. 

3.3.3 Summary 
Both the risk- and rights-based approaches attempt to address risks concerning the 
development and use of AI pre-emptively. However, human rights scholarship has yet to 
provide a practically applicable alternative to the existing risk-based approach in the AI 
Act. This leaves open the criticisms that rights-based approaches are too abstract, impose 
unnecessary regulatory burdens, and might hinder innovation (McGregor et al., 2019; 
Yeung et al., 2020). The thesis argues that the absence of an alternative regulatory 
approach to the risk-based approach in the AI Act presents a significant weakness for 
realising Trustworthy AI in the long term. Even though no empirical evidence currently 
exists to determine whether a rights- or risk-based approach is more beneficial for 
society at this early stage in the adoption of AI, a one-size-fits-all legal framework for AI 
does not exist (Chesterman, 2021; Ebers, 2020; Hoffmann-Riem, 2021; Nyman-Metcalf 
& Kerikmäe, 2020). However, this thesis tilts towards a rights-based approach in a 
regulatory field characterised by many “unknown unknowns” (Floridi, 2020c, p. 13), 
in which the law constantly struggles to keep up with technological advancements 
(Drechsler & Kostakis, 2014). 

To “open up the black box of AI” to society and effectively address tensions between 
conflicting values and principles in AI practices, an adequate approach involves iteratively 
translating abstract ethical principles and legal requirements through genuine 
democratic deliberation and contestation among different segments of society with 
varied expertise backgrounds. This essentially involves empowering individuals through 
human rights-based mechanisms that combine ethics, design-based approaches, and the 
law’s force (III; High-Level Expert Group on Artificial Intelligence, 2019a; Nyman-Metcalf 
& Kerikmäe, 2020; Zicari et al., 2021b). However, not all ethical demands in the context 
of AI regulation rise to the threshold of a human rights-related concern. Therefore, only 
the most significant normative concerns that the legal system has not addressed yet may 
require implementing new legal measures (Sartor, 2020). 

In an attempt to respond to the need for holistic, critical, interdisciplinary approaches 
to regulating AI, as advocated by environmental and computer scientists and socio-legal 
and human rights scholars (Ananny & Crawford, 2018; Barocas et al., 2023; Bria, 2017; 
Cohen, 2012, 2017, 2019; Gellert, 2021; Hoffmann-Riem, 2021; Hydén, 2021; Kitchin, 
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2017; Larsson, 2019; Lindgren & Dignum, 2023; Mantelero, 2022; Mittelstadt, 2019; 
Niklas, 2020; Prabhakaran et al., 2022; Rahwan, 2018; Selbst et al., 2019; Smuha et al., 
2021; Taddeo et al., 2023; Taylor, 2017, 2023a; Umbrello, 2022; Yeung et al., 2020; Zicari 
et al., 2021a), the author suggests adopting a bottom-up instead of a top-down approach 
to AI regulation to realise Trustworthy AI in the long term. 

As further elaborated in Chapter 4, the proposed human rights-based approach, 
including the legal conditions, goes beyond mere compliance with legal measures in 
existing civil liability frameworks and data protection regimes, yet combines human 
rights and socio-technical perspectives on AI regulation. Including both ex-ante and  
ex-post mechanisms that involve developers, deployers and citizens in their 
implementation, it considers the specific context in which AI is developed and how that 
development can impact the fundamental rights of individuals and groups at the use 
stage of the technology in the public sector (Cohen, 2017; High-Level Expert Group on 
Artificial Intelligence, 2019a; Prabhakaran et al., 2022; Rahwan, 2018; Smuha, 2021a; 
Umbrello, 2022; Umbrello & van de Poel, 2021; Zicari et al., 2021b; III). As such, grounded 
in systems thinking and participatory design, the human rights-based legal conditions are 
aimed at legislators, policymakers, and citizens alike since realising Trustworthy AI in the 
public sector requires the involvement of all relevant stakeholders in the development 
and assessment of the technology, beyond developers and deployers. 
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4 The contributions of the thesis 
The thesis aims to contribute theoretically and analytically to the regulation of AI, 
particularly to human rights-based approaches. 

First, the theoretical contribution identifies some significant limitations in existing EU 
legal frameworks. These limitations arise from a variety of factors. One is how the AI Act 
conceptualises AI systems (Ruschemeier, 2023). The thesis shows that a conceptualisation 
of AI treating AI as a neutral tool or neutral product has significant drawbacks. This leaves 
decisions about standards and measures to mitigate potential human rights harms 
mainly at the developers’ discretion, excluding the possibility of involving public 
stakeholders, particularly citizens, in their role as recipients of public services, in the 
assessment and development of the technology. It is essential to consider that the design 
of AI systems can either constrain or promote fundamental rights (Aizenberg & van den 
Hoven, 2020; Cohen, 2017), significantly impacting citizens’ choices and autonomy. 
A socio-technical perspective on AI regulation takes this into account, presenting an 
alternative approach to the existing understanding of AI in legal theory and practice 
(I-III). It can inform legal frameworks for AI by integrating legal and institutional 
requirements that advance public participation in the design of the technology and the 
assessment of its use in the public sector. Additionally, legal frameworks for AI based on 
fundamental rights provide affected persons with legal personality (AI subject) and 
substantive and procedural rights, an aspect the AI Act addresses only in a limited way 
(III). In turn, this involves creating legal and institutional requirements that enable 
citizens to contribute to developing and assessing AI systems in the public sector. In doing 
so, AI developers, deployers, and citizens would be enabled to mitigate potential human 
rights harms together. To this end, one of the legal requirements for AI is to provide 
citizens with a right to participate in developing and assessing the use of AI technologies 
in the public sector. 

A second limitation of the AI Act is the risk-based approach. This regulatory method is 
generally considered a technocratic and expert-driven approach that restricts public 
stakeholders’ participation (Kusch, 2007; Laux et al., 2024; Smuha et al., 2021; III). 
Additionally, imposing stringent legal obligations to high-risk AI systems only conflicts 
with the essence of fundamental rights as it risks prioritising economic benefits and 
national security interests over fundamental rights protection (Smuha et al., 2021; III). 
While several AI systems in the public sector have minimal potential to create human 
rights harms (such as spam filters or language tools), drawing a line between prohibited 
AI practices, high-risk AI systems and AI systems other than high-risk, namely certain AI 
systems that arguably pose “only limited risk” or “lowered risk” (Regulation 2024/1689, 
recital 53), is challenging due to many borderline cases. This is because even chatbots, 
specifically learning-based chatbots, could harm citizens interacting with them in the 
public sector if only public authorities or developers’ interests are addressed in the 
system's design phase and citizens’ values are excluded (Coghlan et al., 2023; Makasi et 
al., 2022; Makasi et al., 2021). At this early stage in the development of AI technologies, 
even technical and legal experts still need to understand the societal impact of 
widespread AI adoption in the public sector, including the effects on the fundamental 
rights of individuals and groups and the environment. As a result, the risk-based 
approach should only be seen as an initial step in protecting and promoting the 
fundamental rights of individuals and groups concerning AI (III). 
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Consequently, the thesis argues that the AI Act represents an innovation-inspired 
framework that tilts towards creating an ecosystem of excellence rather than an 
ecosystem of trust, with economic values remaining in tension with the fundamental 
rights-based approach of the AI HLEG (III). This applies particularly to aspects of public 
participation in the development of AI and the assessment of the use of AI in the public 
sector, the lack of legal requirements for developing citizens’ capabilities on AI, and the 
lack of regulatory focus on increasing access to effective redress mechanisms for affected 
persons. Neither the Artificial Intelligence Liability Directive nor the Product Liability 
Directive accompanying the AI Act resolves these gaps (COM/2022/496 final; 
COM/2022/495 final). This is primarily because they focus on addressing material 
damages without adequately considering immaterial or social harms emanating from AI. 
Addressing them requires introducing legally enforceable rights and procedural 
safeguards for individuals and groups. 

In turn, complementary to the AI Act, the thesis suggests adopting human rights-based 
legal and institutional requirements for the development and public-sector use of AI as 
part of a human rights-based approach. It includes technical, social, and legal 
perspectives on AI regulation both relating to the development of AI and the deployment 
of the technology in the public sector. Particularly, it aims to shift the focus of legal theory 
and practice, moving beyond simply regulating the safety features of technologies or 
mitigating potential human rights harms through technological management solutions 
alone (Lindgren & Dignum, 2023). Instead, the proposed legal conditions and requirements 
aim to address potential material and immaterial harm towards human beings and 
promote their fundamental rights. 

Secondly, the thesis contributes theoretically to existing understandings of 
cybersecurity in AI regulation. As argued in V, existing approaches to cybersecurity are 
not enough to mitigate potential harms, including immaterial harm, to individuals and 
groups interacting with ICT-based systems. This is because vulnerabilities in the network 
and information systems of public and private entities are primarily addressed through 
technical solutions and existing approaches are siloed. EU cybersecurity legislation does 
only indirectly treat cybersecurity as a regulatory area of fundamental rights protection 
(Directive 2022/2555; Regulation 2019/881), and the AI Act (Regulation 2024/1689) is 
based on a similar regulatory approach, focusing on technical solutions rather than 
prioritising human aspects (Junklewitz et al., 2023). It is also to be noted that the 
cybersecurity requirements stipulated in Article 15 apply primarily to high-risk AI systems 
(Regulation 2024/1689), and not to AI systems other than high-risk. 

Yet, as shown in II and V, the nature and gravity of harms caused by ransomware 
attacks such as WannaCry to public and private entities, including individuals in essential 
services such as hospitals, and the normative concerns regarding the use of ML-based 
SM in residential households, such as tampering with the training and input data of AI, 
make it imperative to address vulnerabilities in AI through a fundamental rights prism, 
one that is interdisciplinary and participatory by default. This becomes even more 
important considering that cyberattacks can result in decreased trust in ICTs (V). 

A conceptualisation of cybersecurity that focuses primarily on technical solutions has 
negative implications for the data protection and privacy and the cybersecurity of 
individuals and groups at the use stage of AI systems and can negatively impact the 
development and deployment of Trustworthy AI in the public sector in the long term. 
The goals, limitations, and the scope of legal frameworks for AI, therefore, need to be 
informed by an understanding of cybersecurity that goes beyond technical solutions. 
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Grounded in an approach that allows broader stakeholder participation in the 
assessment and setting of technical standards for cybersecurity in AI systems, the thesis 
argues for treating human beings as assets to be protected (Von Solms & Van Niekerk, 
2013, p. 101). By understanding cybersecurity as the “protection of cyberspace itself, 
the electronic information, the ICTs that support cyberspace, and the users of cyberspace 
in their personal, societal and national capacity, including any of their interests, either 
tangible or intangible, that are vulnerable to attacks originating in cyberspace” (Ibid.), 
the thesis suggests that legal frameworks for AI should secure the aggregate interactions 
among human users, society and these information systems and networks (V). As such, 
the regulatory target should be the aggregated interactions of individuals and society 
with network and information systems. This goes beyond the existing understanding of 
cybersecurity as information security, which exclusively focuses on protecting the 
availability, authenticity, integrity and confidentiality of network and information 
systems and data. Mitigating vulnerabilities specific to AI, such as tampering with the 
training and input data of AI (II), therefore, requires mechanisms that can enable citizens 
to shape cybersecurity standards of AI systems beyond developers and deployers. 
Considering that cybersecurity is viewed as a societal challenge, a truly whole-of-society 
approach is needed to mitigate potential human rights harm ensuing from inadequate 
cybersecurity measures at individual and organisational levels concerning AI systems. 
Building up societal resilience (van Kranenburg et al., 2023) against malicious actors, 
realising robust AI and, essentially, Trustworthy AI in the long term requires incorporating 
participatory mechanisms into emerging EU cybersecurity legislation, including the AI 
Act. To this end, the thesis suggests extending requirements concerning existing 
mechanisms of fundamental rights impact assessments and introducing participatory 
design approaches for robust AI. 

Thirdly, the thesis contributes analytically and theoretically to the roles of developers 
and legal scholars in protecting and promoting fundamental rights concerning AI 
systems, particularly related to data protection and privacy standards and emerging 
cybersecurity obligations (II-III). Since technical and legal discourses address threats to 
privacy rights alone rather than combined (Prabhakaran et al., 2022), the thesis attempts 
to show how engineers’ systems thinking approaches can be combined with legal 
methods. By attending to end-users’ concerns before the deployment of an AI system in 
the public sector, the tool proposed in II seeks to guide developers on their legal 
obligations related to developing AI while involving end-users and informing them about 
their rights regarding potential AI privacy infringements. Furthermore, by adopting 
interdisciplinary systems thinking approaches that include the VSD approach and the 
co-assessment inspection process for Ethical AI (Umbrello, 2022; Zicari et al., 2021b), the 
thesis attempts to show how these participatory approaches can increase the protection 
and promotion of the fundamental rights of individuals and groups concerning AI. 

The findings reveal the benefits of establishing legal mechanisms that enable 
lawmakers, developers, deployers and citizens, including domain-specific experts (such 
as doctors or governmental lawyers) to develop AI systems through the participatory 
design approach of VSD and assess the technology through the fundamental rights 
impact assessments and the co-assessment inspection process for Ethical AI (III). 
These interdisciplinary, multistakeholder approaches show an initial potential to 
reconcile the values of both direct and indirect stakeholders at the development and use 
stages of the technology in the public sector, mitigate potential human rights harms and 
promote the fundamental rights of individuals and groups regarding AI (III). 
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4.1 Individual findings in the publications 
The main argument of the thesis for the need to regulate the development and 
public-sector use of AI with a human rights-based approach that combines socio-technical 
and human rights perspectives rests on three publications, two of which are co-authored 
and one single-authored: 

Publication I, co-authored with Professor Kerikmäe as part of a book chapter, conducted 
a literature review of existing research on legal frameworks for ICTs, with a focus on 
regulating AI. The chapter provides a broad overview of AI, its main approaches, and its 
application areas. Additionally, it identifies the main normative issues raised by AI and 
analyses how they could be regulated. Lessig's four modalities of regulation and the VSD 
method are considered suitable for this purpose, adopting a socio-technical perspective 
on regulating ICT-based systems (Lessig, 1999, 2006; van den Hoven, 2017). Furthermore, 
during the review of EU primary and secondary sources, the chapter identified the AI 
HLEG framework for Trustworthy AI as crucial for developing legal frameworks for AI. 
The chapter suggests that the regulatory discussions on AI should be centred on the 
question of by whom and for which purpose AI systems will be designed, by whom they 
are owned and deployed, and in which contexts they will be applied. To address 
normative concerns concerning the deployment of AI systems, the authors argue for 
establishing legal requirements that can reconcile the interests of developers, deployers 
and citizens in AI regulation. 

Publication II was co-authored with Tobias Häring, Dr Korõtko, Professor Rosin, 
Professor Kerikmäe and Professor Biechl as part of an interdisciplinary case study on the 
use of the ML technique of NILM in SM in residential households. Since end-users’ 
perspectives on AI regulation remain underexplored, we mapped AI end-users’ concerns 
regarding the deployment of an AI system in residential households. Some of the 
end-users’ concerns include discrimination, denial of access to services or identification 
of home appliances. The combined technical and legal analysis examines how applicable 
EU legal frameworks, particularly the GDPR and the NIS Directive, deal with end-users’ 
concerns. GDPR Article 22 presents an important provision for citizens when public 
entities process personal data for administrative decisions enabled by SM (Regulation 
2016/679). For instance, when citizens receive an incorrect electricity bill, Article 22 should 
grant data subjects the right to rectify potential discrimination and impose an obligation 
on utilities and developers of AI systems to address this issue pre-emptively. However, 
the paper also shows limitations of the protection provided by GDPR Article 22. This is 
mainly due to the opacity of AI, which complicates the assignment of responsibility for 
privacy infringements or data breaches. The publication proposes a visual tool for 
utilities, AI developers, and citizens to mitigate potential data breaches concerning the 
development and public-sector use of AI together. 

Publication III is a single-authored article and examines to what extent the 
Commission’s Proposal for an Artificial Intelligence Act translated the ethical principles 
of the AI HLEG into legal requirements. The paper’s findings reveal several shortcomings 
in the Commission’s Proposal in achieving this goal. One of the shortcomings is that the 
AI Act treats AI systems merely as a neutral product or tool, which is the common 
understanding in legal theory and practice. However, the STS scholarship and VSD 
approaches have demonstrated that technologies can embody the values of their 
designers, influencing and restricting the choices available to citizens (Cohen, 2017; 
Friedman & Hendry, 2019; Umbrello, 2022; van den Hoven, 2017). This is important since 
innovation in AI mainly occurs in research clusters where AI companies often prioritise 
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economic gains over societal benefits. Without the right for citizens to participate in the 
development and assessment of AI, developers might prioritise more privacy-intrusive 
approaches for financial gains instead of technical approaches that provide transparency 
and explicability for citizens. A legislative framework for AI that treats AI merely as a 
neutral product or tool risks giving AI companies and developers too much leeway to 
decide which values to embed into their products and how to audit them as part of 
self-conformity assessments. By adopting a socio-technical perspective on the regulation 
of AI, the article shows the benefits of integrating participatory design mechanisms into 
legal frameworks for AI as part of a fundamental rights-based approach, conceived as 
precautionary, participatory, and bottom-up. 

Publication IV in the appendix is a report on legal frameworks for AI systems that 
focuses on legal liability questions, led by Professor Kerikmäe and conducted with 
Professor Nyman-Metcalf, Professor Hoffmann, Dr Minn, Dr Liiv, Professor Taveter, 
Dr Solarte Vasquez and Olga Shumilo. The author contributed with desk research on the 
AI policies of Germany, France, the UK, Sweden, Denmark, Finland, the USA, and the EU. 
The reviews of the EU policy documents informed Publication I. The report evaluated the 
extent to which Estonian legislation can address the legal challenges AI systems present 
to private and public sectors. The publication recommended following existing EU laws 
and upcoming legal developments on AI at the EU level rather than creating new 
legislation for AI at a national level and proposed several measures to the Estonian 
government: establishing a registry of robots operating in the physical world, extending 
the competencies of the Technical Regulatory Authority, establishing a national 
insurance fund for autonomous intelligent technologies, creating impact assessments 
and standards for AI based on the degree of risk of AI, and reviewing six categories of 
Estonian legal acts with a focus on the machine readability of legal acts, legal decision-
making, and granularity of access control and responsibility. 

Publication V in the appendix, co-authored with Dr Kasper, is a discussion paper and 
a normative contribution to the development of EU legal frameworks for cybersecurity. 
The paper argues that understanding the harms of cyberattacks is essential to prioritising 
the legal framework’s goals, limits, and scope for cybersecurity. To this end, the author 
conducted desk research on the ransomware attack WannaCry, identified the harms it 
caused, and evaluated its implications for the development of cybersecurity legislation 
at the Union level. The article’s conceptualisation of EU cybersecurity laws informed 
Publication II. The findings show that protective measures should address the following 
harms: potential and actual economic damages, decreased productivity, reputational 
damage, physical and intangible harms to citizens, reduced trust in computer systems, 
destabilisation of the physical world, and potential losses in sovereignty. It calls on 
policymakers and legislators to rethink existing approaches to cybersecurity, which 
should move beyond technological solutions and consider social and human aspects in 
developing legal frameworks for cybersecurity and AI (Von Solms & Van Niekerk, 2013). 
The analysis revealed that the EU’s approach to cybersecurity lacks several legal 
mechanisms to promote the development of common standards, enhance cooperation 
in preventing cyberattacks on both public and private network and information systems, 
and mitigate potential human rights harms to citizens as a result of inadequate 
cybersecurity measures at the organisational and individual level. 
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4.2 Lawful Trustworthy AI 
Based on the individual findings in the publications, including in the appendix papers, 
this section of the thesis determines the legal conditions necessary and sufficient to 
adequately protect and promote individual and collective fundamental rights concerning 
the development and public-sector use of AI. Several proposed conditions have been 
highlighted in the respective publications and further discussed in the previous 
sections. Legal scholars have extensively analysed some of these conditions. Therefore, 
the proposed conditions are interconnected and may overlap with them. All proposed 
conditions are theoretical and conceptual, as none have been empirically tested or 
confirmed. The conditions are exemplified based on the findings of the individual 
publications and only apply to AI practices not prohibited by the AI Act (Regulation 
2024/1689). In essence, aiming to restore human agency vis-à-vis technological 
determinism based on a deontological, Kantian interpretation of morality in which 
humans are treated as ends in themselves rather than mere means to an end, the thesis 
proposes a human rights-based approach to AI. 

Regulating the physical or safety risks of AI is not enough to realise Trustworthy AI. 
AI regulation needs to be grounded in an approach that puts the main regulatory focus 
on the social or human rights risks (III). While the AI Act aims to enhance transparency 
by mandating developers of high-risk AI applications and general-purpose AI models to 
implement technical documentation measures (Regulation 2024/1689), without providing 
effective redress to affected persons and involving citizens in fundamental rights impact 
assessments before adopting AI systems in the public sector, these requirements do not 
yet adequately protect and promote fundamental rights in the long term (III). This is 
especially important given that the AI Act relies on self-conformity assessments by 
providers of stand-alone high-risk AI systems and product safety monitoring by market 
surveillance authorities with yet limited expertise in human rights monitoring of AI use 
cases (Laux et al., 2024; Smuha et al., 2021; Taylor, 2023a; III). 

Additionally, the obligation to conduct self-conformity assessments for high-risk AI 
systems under Article 43 is triggered only if the provider has determined independently 
that the AI system does not represent “a significant risk of harm to the health, safety 
or fundamental rights of natural persons, including by not materially influencing the 
outcome of decision-making” (Regulation 2024/1689, Articles 6(3), 43 and 49(2)).12 

12 The exception to the conduct of conformity assessments for high-risk AI systems is enshrined in 
an additional clause in paragraph 3 of Article 6: Classification Rules for High-Risk AI Systems (AI Act, 
2024):  
“1. Irrespective of whether an AI system is placed on the market or put into service independently 
of the products referred to in points (a) and (b), that AI system shall be considered to be high-risk 
where both of the following conditions are fulfilled: 
(a) the AI system is intended to be used as a safety component of a product, or the AI system is
itself a product, covered by the Union harmonisation legislation listed in Annex I;
(b) the product whose safety component pursuant to point (a) is the AI system, or the AI system
itself as a product, is required to undergo a third-party conformity assessment, with a view to the
placing on the market or the putting into service of that product pursuant to the Union
harmonisation legislation listed in Annex I.
2. In addition to the high-risk AI systems referred to in paragraph 1, AI systems referred to in Annex
III shall be considered to be high-risk.
3. By derogation from paragraph 2, an AI system referred to in Annex III shall not be considered to
be high-risk where it does not pose a significant risk of harm to the health, safety or fundamental
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In turn, the discretion upon complying with obligations for high-risk AI systems under 
Articles 8 to 27 of the AI Act (Regulation 2024/1689), particularly with the quality 
management system and technical documentation requirements, including obligations 
on data and data governance, transparency and provision of information to deployers, 
human oversight, accuracy, robustness and cybersecurity, remains primarily with the 
developers and owners of AI systems. This is important to consider since conformity 
assessment presents the main mechanism for the Commission, market surveillance 
authorities, and, in the case of biometrics, independent conformity assessment bodies, 
to assess the compliance of providers with the obligations for AI systems currently 
deemed high-risk for the fundamental rights of individuals and groups. The AI Act is, 
therefore, an innovation-inspired legal instrument, where economic values conflict with 
human values, putting the overarching goal of Trustworthy AI potentially at risk in the 
long term (III, pp. 58-59). 

Consequently, rendering the development and public-sector use of AI compatible with 
fundamental rights implies going beyond expert-driven AI governance approaches (Laux 
et al., 2024; Taylor, 2023a). There is a crucial need to shift the focus of AI regulation 
towards humans and the potential human rights harms that advanced technologies may 
pose, particularly if not addressed collaboratively at an early stage in the implementation 
of AI technologies (III). 

4.2.1 Fundamental rights impact assessments 
First, to enable adequate protection of fundamental rights and empower individuals and 
groups concerning the development and public-sector use of AI, public entities are 
required to ensure a robust and resilient ICT infrastructure against external and internal 
cyber threats, taking AI-specific vulnerabilities into account (II; V). As shown in the case 
study of the ransomware attack WannaCry, cyberattacks can impact citizens’ and 
society’s trust in the ICT infrastructure and public institutions in which the attack 
materialises by disrupting operations of essential services such as hospitals (Klimburg, 
2012; Von Solms & Van Niekerk, 2013; V). Ensuring a robust and secure ICT infrastructure 
is specifically crucial concerning AI as the outputs of AI systems can be both 
unintentionally and intentionally incorrect or biased with harmful effects on individuals 
and groups, potentially infringing on the fundamental rights to respect for private and 
family life, the protection of personal data, or non-discrimination (II). 

rights of natural persons, including by not materially influencing the outcome of decision making. 
The first subparagraph shall apply where any of the following conditions is fulfilled: 
(a) the AI system is intended to perform a narrow procedural task;
(b) the AI system is intended to improve the result of a previously completed human activity;
(c) the AI system is intended to detect decision-making patterns or deviations from prior decision-
making patterns and is not meant to replace or influence the previously completed human
assessment, without proper human review; or
(d) the AI system is intended to perform a preparatory task to an assessment relevant for the
purposes of the use cases listed in Annex III. Notwithstanding the first subparagraph, an AI system
referred to in Annex III shall always be considered to be high-risk where the AI system performs
profiling of natural persons.
4. A provider who considers that an AI system referred to in Annex III is not high-risk shall
document its assessment before that system is placed on the market or put into service. Such
provider shall be subject to the registration obligation set out in Article 49(2). Upon request of
national competent authorities, the provider shall provide the documentation of the assessment
[…]”.
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Specifically, when AI systems are used in critical sectors such as energy (II) or 
healthcare, in addition to financial and reputational damage, material and immaterial 
harm to citizens can occur from public entities’ lack of preventive and responsive 
cybersecurity measures (V). As revealed in II concerning the use of SM in residential 
households, AI-specific vulnerabilities can include tampering with the training and input 
data of AI, which in turn can result in the denial of access to services, discrimination, 
the exhibition of user habits, and illnesses, disconnection of home appliances, denial of 
personal mobility, or burglary, and thus potential harms to citizens. To address these 
AI-specific vulnerabilities and harms, cybersecurity legislation must respond to the needs 
of citizens and recipients of public services, considering citizens as assets to be protected 
(Von Solms & Van Niekerk, 2013, p. 101; V). 

Therefore, in addition to addressing AI-specific vulnerabilities and increasing AI system’s 
resilience and robustness through conventional mechanisms such as the cybersecurity 
certification scheme, the creation of incident response teams, the assignment of clear 
responsibilities and roles for the mitigation of cybersecurity threats or reporting obligations 
for improving the communication, coordination, and information-sharing between the 
private and public sectors regarding cyber incidents and threats, the role of citizens in 
cybersecurity mitigation and response efforts should be strengthened (Regulation 
2019/881). While the initial focus on implementing technical solutions for protecting 
network and information systems is important, citizens’ interests remain 
underrepresented in cybersecurity legislation (Papakonstantinou, 2022; Von Solms & 
Van Niekerk, 2013; V). Arguably, citizens’ involvement in critical preventive cybersecurity 
measures can improve societal resilience and robustness as part of a whole-of-society 
approach and allow for adequate protection and promotion of fundamental rights 
concerning AI. Therefore, EU cybersecurity legislation should secure not only the 
interconnected information systems and networks, including data, but also the 
aggregate interactions between human users, society and these information systems 
and networks within the EU, taking thus human and social aspects in the standardisation 
of cybersecurity, and collective preventive and responsive measures for critical 
infrastructure protection and essential services into account (V, p. 21). 

While the NIS 2 Directive has increased focus on the role of citizens concerning 
cybersecurity measures in public sector entities, as it now includes cybersecurity 
obligations specifically addressed to public administrations, adjusted the criteria of 
determining cybersecurity incidents from quantitative to qualitative measures, such as 
focusing not only on the numbers of citizens affected, the geographical intensity and 
length of attacks but also material and immaterial harm of cyber threats and attacks 
(Directive 2022/2555; Vandezande, 2024), legal incentives remain lacking for public 
authorities to enable the participation of citizens in cybersecurity mitigation efforts for 
AI (II). Addressing this gap involves mechanisms that allow and enable citizens to 
participate in assessing and developing AI systems in public sectors before their use. 

To enable meaningful participation of citizens in the development and deployment of 
AI systems, one of the mechanisms should include the involvement of citizens, and 
depending on the context in which the technology is applied, domain-specific experts 
beyond developers and deployers, in fundamental rights impact assessments before 
deploying AI systems in public sectors (Mantelero, 2022; Zicari et al., 2021a; Zicari et al., 
2021b; II-III). To ensure the AI system’s technical robustness and safety, deployers should 
be legally required to allow citizens, including vulnerable groups and domain-specific 
experts, to participate in the conduct of fundamental rights impact assessments for AI 
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and thus “co-determine” or co-construct how values, principles and rules are “hardwired” 
into AI systems (Cohen, 2017, p. 87; III). Gender parity should also be included to ensure 
that gender interests are taken into account in the assessment process. This is 
particularly important considering that the use of AI technologies tends to represent 
male interests more than female interests and may reinforce existing biases (Buolamwini 
& Gebru, 2018; O’Connor & Liu, 2023). 

Due to the evolving nature of AI, legal frameworks for AI should also provide citizens 
with the right to participate in periodic reviews of the criteria of fundamental rights 
impact assessments. This is particularly important regarding the joint evaluation of what 
constitutes material and immaterial harm and thus creates a detrimental causal impact 
on individuals and groups concerning AI (Barocas et al., 2017; McGregor et al., 2019; 
Moss et al., 2021). In the long term, fundamental rights impact assessments for AI need 
to learn from other impact assessment mechanisms and combine their assessment 
mechanisms for quantitative and qualitative measurements of harm. Lessons can be 
specifically drawn from environmental impact assessments, where the participation of 
directly or indirectly impacted stakeholders has shown to be the highest among existing 
types of impact assessments (Moss et al., 2021). This is important for addressing 
limitations in existing fundamental rights impact assessments, specifically when it comes 
to the evaluation of risks of energy-intensive AI to the environment. While these risks in 
the deployment of AI systems may currently be seen as minimal, from an environmental 
perspective, there might be AI systems which pose a higher risk to the exercise of 
fundamental rights of human beings in the long term than existing empirical knowledge 
might suggest. In this regard, fundamental rights impact assessments should not serve 
as a panacea in mitigating human rights harms concerning AI, including the dimension of 
cybersecurity with regard to robust AI. However, they present a crucial mechanism if they 
are meaningfully opened to citizens and their assessment criteria are open to meaningful 
review and revision. 

In this regard, making meaningful participation of citizens in fundamental rights 
impact assessments legally mandatory before the deployment of AI systems in the public 
sector, particularly but not only for high-risk AI systems, responds to the AI HLEG ethical 
principles of the respect for human autonomy, prevention of harm, fairness, and 
explicability. 

4.2.2 Effective redress mechanisms 
A second necessary condition is ensuring effective redress mechanisms for affected 
persons, in line with Article 47 of the EU Charter (III). Previous mundane AI use cases, 
for example, for publicly legitimate purposes such as the detection of welfare fraud in 
the SyRI case have shown how, despite data governance and oversight measures, 
the deployment of AI can cause significant human rights harms to citizens (Alston, 2019; 
Rachovitsa & Johann, 2022; A/74/493, 2019; Wieringa, 2023; Yeung, 2022). As the SyRI 
case has also shown the potential to negatively impact citizens’ trust towards deployers 
of AI technologies, addressing unintended harms in public-sector use of AI systems 
through effective redress mechanisms is an important mechanism to enhance citizens’ 
trust in public institutions deploying AI in the long term in line with the values enshrined 
in Article 2 of the EU Treaty (III). 

In this regard, GDPR Article 22 and the “data subject’s right not to be subject to a 
decision based solely on automated processing, including profiling, which produces legal 
effects concerning him or her or similarly significantly affects him or her” presents one 
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part of measures to achieve effective redress (Regulation 2016/679; II). As earlier 
addressed, this information right needs to be complemented by additional measures due 
to the limitations of extant data protection legislation for protecting only individual and 
not collective rights with regard to public authorities’ processing of personal data in 
AI-informed decision-making. Furthermore, citizens often waive their rights when 
entering into contractual relationships or obligations by consenting to conditions that 
allow public entities to withhold information about the functioning of the AI system. 
Additionally, not all public-sector AI-informed decisions will likely be “solely” based on 
automated processing. AI’s issue of opacity and the fact that public authorities often 
withhold information about the risk indicators and, thus, how the AI system might have 
reached a decision presents additional hurdles for citizens to claim their rights 
concerning the data output of the AI system (Wachter & Mittelstadt, 2019). Without 
reasonable individual or collective access to AI’s source code and information about how 
the system has reached a legally binding decision for citizens, under these accumulated 
conditions, its use creates an additional power asymmetry between the State and the 
citizen, specifically when the citizen is expected to prove causation between the model’s 
logic and its harms caused, be it discrimination or the exposition of illnesses (II). 

Therefore, as part of effective redress mechanisms for AI, deployers should be obliged 
both to make citizens aware when an AI system is used to aid administrative decisions 
with a legally binding effect for citizens and provide an explanation in clear and easily 
understandable language about the purpose of its deployment, including concerning 
which legal options and mechanisms under both EU and national law are provided for 
affected citizens to receive redress for potential immaterial or material human rights 
harm, independent of the current risk-categorisation of the AI system. 

Additionally, legal frameworks for AI need to include provisions that require public 
authorities to provide reasonable information as part of explanations to citizens about 
how administrative AI-informed decisions based on risk indicators have been reached, to 
the extent that the overall functioning of AI and the purposes it was designed for are 
preserved. In this regard, a precautionary approach to AI assumes that the burden of 
proof is not on the side of affected persons but on the deployer as the more powerful 
actor in the relationship. While tensions might arise in using AI for legitimate public 
purposes (High-Level Expert Group on Artificial Intelligence, 2019a), particularly for the 
prevention of criminal offences, affected persons should have the right to reasonable 
explanations on a case-by-case basis, and national supervisory authorities should review 
their individual or collective requests promptly. 

Concretely, effective redress implies respecting and enabling human autonomy and 
agency when adversely impacted by an AI-informed administrative decision in line with 
the AI HLEG interdependent ethical principles for the respect of human autonomy, 
prevention of harm, fairness, and explicability (III). While Article 86 in the AI Act introduces 
a right to explanation of individual decision-making, a right to reasonable explanations 
about the AI system’s functioning could only be an effective redress mechanism if 
affected persons receive information about and access to redress mechanisms 
(Regulation 2024/1689). In this regard, legal frameworks for AI should also enable the 
lodging of collective complaints similar to the “right to mandate a not-for-profit body, 
organisation or association” stipulated in Article 80 of the GDPR (Regulation 2016/679; 
Smuha et al., 2021). Awareness and access should also include the obligation for public 
entities to communicate in an understandable language to citizens about their right to 
contest AI-informed decisions. “By design” mechanisms could enable this (Aizenberg & 
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van den Hoven, 2020; Fanni et al., 2023). In this regard, legal frameworks for AI should 
allow citizens to participate in deliberating upon the design of digital redress mechanisms 
and their creation. This could, for instance, be combined with the conduct of fundamental 
rights impact assessments, as shown under the first condition. In addition to digital 
formats, citizens should also be informed about their rights in paper formats and formats 
that allow vulnerable groups in society, such as visually impaired individuals, to enjoy 
their right to effective redress. 

Enabling effective redress will be a complex task for legislators, including public 
authorities. However, to realise Trustworthy AI in line with the AI HLEG ethical principles 
and Article 47 of the Charter implies considering taking complementary measures to the 
GDPR Article 22, extending information rights to citizens, including vulnerable groups in 
society. Additionally, it implies informing citizens about their rights and thus enabling 
them to meaningfully contest AI-informed decisions by public entities that may have 
caused them immaterial or material harm. 

4.2.3 Socio-technical digital literacy 
Third, to enable conditions one and two, the capabilities of citizens in their roles as public 
servants, judges, engineers, prosumers, developers, cashiers, platform workers, doctors, 
and so forth should be increased so they can critically and meaningfully participate and 
thus co-determine how AI systems are designed and deployed in the public sector for 
citizens (Pohle & Thiel, 2020; III). One measure to ensure digital literacy on AI, precisely 
one that is socio-technical, participatory and reflective, is to allocate adequate funding 
for interdisciplinary education programs and curricula from preschool to higher 
education (Hasselbalch, 2021). Therefore, adequate funding should be tailored to 
improving access to education, including higher education programmes and curricula 
that focus on the ethical, legal, technical, societal and environmental aspects of AI 
systems, including “the possible limits of automation”, from an interdisciplinary 
perspective (European Group on Ethics in Science and New Technologies, 2021; Kerikmäe 
& Pärn-Lee, 2021; Nyman-Metcalf & Kerikmäe, 2020, p. 48; III). Addressed beyond 
lawyers and engineers, these curricula should include courses that introduce students to 
the concept of Trustworthy AI, the conduct of fundamental rights impact assessments, 
cybersecurity, the VSD approach for developers of AI, and other ethical and legal aspects 
of technology law and human rights studies. 

Furthermore, from an organisational perspective, it should be a legal requirement for 
public entities that educational curricula be “co-created” with the lecturers’ and students’ 
interests in mind, in particular, but not only, in engineering education (Voll, 2023). 
This is essential for improving the effectiveness and quality of higher education programs 
and enhancing the long-term well-being of the students and lecturers. 

A lifelong learning approach to AI should be enabled to increase citizens’ digital 
capabilities and critical thinking and allow for informed and conscious decisions about 
how, with whom, and for which purposes citizens share their data (Berlin Declaration on 
Digital Society, 2020). Interdisciplinary higher education programmes on AI should be 
open to citizens of all ages as part of open university programs. 

While public-private collaboration in education on AI is essential, it is also important 
to take a critical distance and review tech partnerships sometimes, specifically to ensure 
the data protection rights of children, students and lecturers (Celeste, 2021; Compagnucci, 
2022). Sometimes, opting for (European) open-source and privacy-protective technical 
solutions in schools and universities might be wiser than experiencing lock-in effects by 
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commercial software. Considering the risk of AI industry “tech capture” (Whittaker, 
2021) in academic institutions, in the long term, establishing the right for citizens to 
review tech collaborations at public universities to maintain intellectual freedom may 
also be necessary. 

Ensuring socio-technical digital literacy through adequate government and private 
funding of interdisciplinary educational programs is essential for achieving Trustworthy 
AI. While not a panacea, education and access to education are key enabling factors for 
citizens to be able to meaningfully partake in co-determining AI standards in the 
development and use of AI systems, for example, through participation in fundamental 
rights impact assessments for robust AI or the development of effective redress 
mechanisms by design. 

4.2.4 Monitoring and enforcement capacity of national supervisory authorities 
Fourth, it is essential to ensure compliance with existing and novel human rights 
obligations and improve the capacity of national supervisory authorities to monitor and 
enforce them concerning public entities’ use of AI systems (Smuha et al., 2021; 
Zuiderveen Borgesius, 2020; III). Three criteria must be fulfilled in this regard. 

First, Member States should provide adequate funding for national supervisory 
authorities since experience around the GDPR has shown that compliance with and 
enforcement of data protection laws are highly contingent on sufficiently resourced 
national supervisory authorities and trained human rights experts (NOYB – European 
Center for Digital Rights, 2024; Zuiderveen Borgesius, 2020; III). Secondly, compared to 
the Commission’s Proposal in 2021, the final text of the AI Act (Regulation 2024/1689) 
stipulates in Articles 70 and 77 that Member States should secure funding for enforcing 
and monitoring obligations concerning high-risk AI systems. However, these requirements 
should also apply to AI systems other than high-risk (III). This is a vital legal requirement 
since these AI systems, including chatbots or deep fakes, might create similar human 
rights harms for citizens interacting with them, for example, when chatbots are deployed 
to inform administrative decisions with legal effects for individuals and groups.  
The risk-based approach in the AI Act creates the problem that the monitoring and 
enforcement of the obligations are curtailed to high-risk AI systems only (Laux et al., 
2024; Smuha et al., 2021; III). However, the nature of fundamental rights makes it 
mandatory that its principles and protective guarantees are at least equally applicable to 
the interactions of individuals and groups with AI systems other than high-risk as to those 
currently classified as high-risk (III). Democratic societies are only beginning to 
understand the borderline cases of AI and, thus, the consequences of the widespread 
introduction of AI systems in public entities (III). 

On the one hand, a risk-based approach might have the value of focusing often scarce 
resources on mitigating and monitoring the most imminent harms posed by AI and 
creating more demanding requirements and safeguards for the developer and deployer 
of AI systems (Wendehorst, 2020). On the other hand, the risk-based approach,  
as a list-based approach, has limitations since national competent authorities, including 
notifying authorities and market surveillance authorities, selected by the respective 
Member State to monitor the enforcement of the AI Act, could place the regulatory focus 
on high-risk AI systems only. Consequently, due to limited resources, they might overlook 
AI use cases other than high-risk that might be causing equal, if not more, severe human 
rights harms to citizens (III). 
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Since the risk-based approach has been adopted to realise Trustworthy AI, the approach 
must be continuously and iteratively contextualised and evaluated against the AI HLEG 
four ethical principles (III). To achieve this, fundamental rights impact assessments for 
the public-sector use of AI should be conducted with the participation of citizens, 
including regarding the revision of their parameters, as referred to under condition one. 
This may enable the contextualisation of human rights harms and align the risk-based 
approach with the “dignitarian” understanding of fundamental rights (Mantelero, 2022; 
Yeung & Bygrave, 2022, p. 143). 

Furthermore, Article 112 is a vital mechanism in the AI Act regarding the potential 
future revision and extension of high-risk AI systems in Annex III. However, beyond 
the Commission, other public actors, particularly national human rights institutes and, 
on a case-by-case basis, citizens, should be allowed to make suggestions on adding 
additional AI systems to the list of high-risk AI systems (III). In this regard, more extensive 
collaboration among members of the EU AI Board, and the respective authorities 
protecting fundamental rights, including representatives of the advisory forum, 
is required. This can be achieved through meetings among the relevant stakeholders on 
a regular instead of a case-by-case basis, including in the sub-groups. Additionally,  
the agenda of all meetings of the EU AI Board must be published and made accessible to 
citizens. 

Thirdly, legal frameworks for AI should encourage market surveillance authorities and 
national human rights institutes to increase collaboration and information exchange on 
AI human rights monitoring experiences. This collaboration and sharing of experiences 
between the agencies could be further institutionalised through AI registries in cities, 
built on the experience of public AI registers in Amsterdam and Helsinki (Floridi, 2020a). 
This is important since the primary expertise of market surveillance authorities does not 
lie in protecting fundamental rights (Smuha et al., 2021; III). 

In general, realising Trustworthy AI should not be limited to only a compliance exercise 
that can be achieved quickly. In line with Laux et al. (2024, p. 2), “trustworthiness is a 
longitudinal concept that necessitates an iterative process of controls, communication, 
and accountability to establish and maintain its existence across both AI technologies 
and the institutions using them.” The question of whether the risk-based approach is 
incompatible with the concept of trustworthiness in general, as argued by Laux et al. 
(2024), requires the collection of empirical evidence. To realise Trustworthy AI and, thus, 
ensure adequate protection and promotion of fundamental rights concerning AI, relying 
solely on the existing risk-based approach is insufficient (III). As previously argued,  
the risk-based approach must be continuously reassessed and adapted. To this end,  
it is necessary to adopt complementary legal and institutional requirements that enable 
participation and contestation to maintain the individual and collective agency regarding 
the development and public-sector deployment of AI. 

In summary, condition four implies that only adequately resourced and trained human 
rights experts in institutions can ensure compliance, monitor the public-sector use of AI, 
and address potential human rights harms. The principles of fundamental rights should 
apply equally to all AI systems and, thus, beyond high-risk AI systems, and collaboration 
between the national supervisory authorities, particularly market surveillance authorities 
and institutions monitoring and enforcing fundamental rights law improved, for instance 
through the mechanism of public AI registers. 



58 

4.2.5 Fora for participatory design and the inspection process for Ethical AI 
Fifth, legal frameworks for AI should include requirements mandating public authorities 
to create fora in existing public institutions for translating the ethical principles of the AI 
HLEG and applicable legal requirements into AI systems with the participation of 
developers, deployers, citizens and domain-specific experts (lawyers, doctors, and so 
forth) (Aizenberg & van den Hoven, 2020; Cantero Gamito & Gentile, 2023; Umbrello, 
2022; Zicari et al., 2021a; Zicari et al., 2021b; II-III). This context-sensitive, nuanced 
translation process should be based on co-design methodologies, particularly the 
fundamental rights-based, interdisciplinary systems thinking method of VSD and the 
inspection process for Ethical AI (Friedman & Hendry, 2019; Umbrello, 2022; Zicari et al., 
2021b; III). Essentially, these fora are aimed at embedding ethical, technical, and legal 
requirements into AI systems in the public sector while addressing potential value 
tensions at the development stage of AI technologies and facilitating stakeholders’ 
understanding of the potential human rights harms the use of AI can create for 
individuals and groups in different application contexts. 

In addition to the participation of citizens in fundamental rights impact assessments, 
these fora need to be designed such that they enable all stakeholders to actively shape 
the technological normativity of AI and its resulting values following the AI HLEG 
principles of the respect for human autonomy, prevention of harm, fairness and 
explicability. 

As argued in II and III, the design of AI systems in its engineering or development 
process can either increase or constrain human agency in the use stage of the system. 
In other words, due to the inherent technological normativity of AI, the developer’s 
design choices can impact citizens’ intellectual freedom and choices (Aizenberg & 
van den Hoven, 2020; Cohen, 2017; Hydén, 2020; van den Hoven, 2017; III). Additionally, 
it can impact the citizens’ long-term perception of the AI system and, thus, AI’s 
trustworthiness, including in governmental AI projects (Kleizen et al., 2023). Therefore, 
the thesis explicitly defines AI from a socio-technical perspective as “an autonomous 
digital technology embedded into societal structures and contexts, mediated through 
digital devices” (III, p. 59). Emphasising the socio-technicity of AI serves to establish the 
link between the role of developers’ design choices and their implications for human 
agency (Umbrello, 2022; Umbrello & van de Poel, 2021; III). It thus serves to increase the 
role of design approaches for protecting and promoting the fundamental rights of 
individuals and groups in the context of innovation in AI products and services (III). This 
is important to consider since the AI Act primarily gives technology owners and 
developers the authority to determine AI standards in self-conformity assessments with 
limited incentives for developers to involve citizens or deployers in this auditing process 
(Laux et al., 2024; Regulation 2024/1689). 

Additionally, developers are often unaware of the potential human rights harms 
associated with the application context of AI technology (Friedman & Hendry, 2019; 
Umbrello, 2022; van den Hoven, 2017; II-III). Taking the growing information asymmetry 
among AI developers, deployers and citizens into account, the development of AI 
systems before their implementation in different domains in the public sector must be 
supported by the expertise of domain-specific experts such as doctors, lawyers, lecturers, 
and environmental experts (Vetter et al., 2022; Zicari et al., 2021a; Zicari et al., 2021b; 
III), and also ordinary citizens ought to be allowed to participate in the development and 
assessment of AI systems in the public sector. 
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In the deliberation, development, and testing process of AI systems for use in Courts, 
it is essential to bear in mind that “legal protection by design” and not the “legal by 
design” principles should guide this process (Hildebrandt, 2020, p. 251 ff; IV). Considering 
that AI systems are imperfect, only AI technologies in public sectors that are by design 
contestable in the use stage should be used, with substantive and procedural safeguards 
for affected persons as part of effective redress mechanisms. This principle should also 
be applied regarding the second condition and the requirement of enabling effective 
redress mechanisms by design. 

Furthermore, as the SyRI case revealed, the sources of human rights harms can lie 
beyond the design of the AI model and can emanate from deployers who purchase the 
AI system and select the purpose and location of its deployment. Opacity and bias in AI 
systems, including the deployer’s hidden cognitive biases, can thus be potentially 
reinforced and mediated through AI, impacting the fundamental rights of citizens, 
such as their rights to privacy and non-discrimination, the right to an effective remedy 
and the right to access to social security. Yet, implementing the VSD approach and the 
co-assessment inspection process for Ethical AI before deploying AI systems in public 
sectors could also be a mechanism to mitigate human rights harms beyond the design of 
the AI system. The VSD approach and the co-assessment inspection process for Ethical 
AI present methods that, on a case-by-case basis, can also account for power concerning 
the development and deployment of AI systems, providing the first structured methods 
to resolve tensions between different stakeholders’ values in this regard (Friedman et 
al., 2021; Jacobs et al., 2021; Zicari et al., 2021b). 

More recent implementations of AI systems in public entities have also shown the 
potential to increase organisational errors13 and change institutional rules and 
procedures with harmful effects on citizens (see, particularly, Robodebt Scheme: Royal 
Commission into the Robodebt Scheme, 2023; Yeung, 2022). Beyond focusing primarily 
on the design of AI systems, the VSD approach, along with the co-assessment inspection 
process for Ethical AI, could also be applied to reduce errors rooted in institutional design 
that is yet insensitive to potential human rights harms emanating from the development 
and use of AI systems. Further empirical research is needed to understand how 
participatory design approaches can be applied to further account for power and address 
potential tensions among stakeholders in different application areas of AI in the public 
sector. In this regard, the thesis views the VSD method and the co-assessment inspection 
process for Ethical AI as the first structured approaches to organising participatory AI 
governance in the public sector. 

Realising the fifth condition implies creating fora to implement the participatory 
design method of VSD and the co-assessment inspection process for Ethical AI in existing 
public institutions. These fora allow for a proactive contextualisation of potential human 
rights harms concerning the development and deployment of AI systems in the public 
sector. Given that AI developers are increasingly configuring public spaces and citizens’ 
choices through their architecture, including the risks of AI for increasing organisational 
errors in public institutions, these fora can be viewed as one mechanism for “taking 
collective responsibility to attend to the socio-technical foundations of moral and 
democratic freedom” (Cohen, 2017; Yeung, 2019, p. 70). They are aimed at increasing 

13 Organisational errors refers here to “actions of multiple organisational participants that deviate 
from organizationally specified rules and can potentially result in adverse organisational 
outcomes” (Goodman et al., 2011, p. 154). 
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human oversight in the AI system lifecycle and fostering public accountability in line with 
the ethical principles of the AI HLEG. Therefore, legal frameworks for AI should include 
requirements that mandate governments to establish these fora and enable the 
participation of developers, deployers, and citizens, including a diverse group of domain-
specific experts, in the development and assessment of AI systems. Lastly, it is important 
to communicate the necessity of establishing these fora among both public and private 
stakeholders. 

4.2.6 Visual summary 
Figure 2 provides a visual summary of the findings of the thesis, illustrating the 
connections among citizens, developers, deployers, the AI HLEG ethics principles within 
the Trustworthy AI framework, the proposed legal conditions as part of Lawful 
Trustworthy AI, and existing applicable legislation for AI under Lawful AI. Furthermore, 
Table 3 on pages 60 to 64 summarises the proposed legal conditions (A through E) and 
recommendations to address the identified gaps in the AI Act for achieving Trustworthy 
AI in the long term. 

Figure 2. Summary of findings (source: author) 
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Table 3. Summary of findings and recommendations (source: author) 

Ethical and Robust AI Lawful AI Lawful Trustworthy AI 
AI HLEG ethical 
principles 

Addressee/s 
(AI Act) 

Relevant 
articles 
(AI Act) 

Main gaps in 
extant legislation 

ID Legal condition Explanation/recommendations Main 
stakeholder/s 

Respect for human 
autonomy: 
(CFEU: Articles 1 and 6) 
• Human agency

and oversight

Prevention of harm: 
(CFEU: Article 3) 
• Technical

robustness and 
safety

• Privacy and data
governance

• Societal and 
environmental
well-being

Fairness: 
(CFEU: Article 21ff) 
• Diversity, non-

discrimination,
and fairness

• Societal and 
environmental
well-being

• Accountability

Explicability: 
(CFEU: Article 47) 
• Transparency

Deployers 15 and 
27; Recital 
165 

Applicable to 
high-risk AI 
systems only 

Fundamental 
rights impact 
assessments for 
cybersecurity 

Participation 
of citizens 

A Fundamental 
rights impact 
assessments 
for Robust AI 

Inclusion of citizens in the 
conduct of fundamental  
rights impact assessments 

Conduct of fundamental 
rights impact assessments 
for AI systems other than 
high-risk 

Fundamental rights impact 
assessments for achieving 
appropriate level of  
cybersecurity and robust AI 

Participation of citizens in 
periodic reviews of the  
criteria of fundamental rights 
impact assessments 

Learning from environmental 
impact assessment 
mechanisms 

Citizens, 
Deployers 

(Continued) 
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Ethical and Robust AI Lawful AI Lawful Trustworthy AI 
AI HLEG ethical 
principles 

Addressee/s 
(AI Act) 

Relevant 
articles 
(AI Act) 

Main gaps in 
extant legislation 

ID Legal 
condition 

Explanation/recommendations Main 
stakeholder/s 

Respect for human 
autonomy: 
(CFEU: Articles 1 and 6) 
• Human agency

and oversight

Prevention of harm: 
(CFEU: Article 3) 
• Technical

robustness and 
safety

• Privacy and data
governance

• Societal and 
environmental
well-being

Fairness: 
(CFEU: Article 21ff) 
• Diversity, non-

discrimination,
and fairness

• Societal and 
environmental
well-being

• Accountability

Explicability: 
(CFEU: Article 47) 
• Transparency

Citizens, 
Deployers 

50 and 
85 to 86; 
Recital 
165 

Information 
rights on 
Individual 
decision- 
making 
applicable/ 
enforceable 
regarding 
high-risk AI 
systems only 

Collective 
complaints 

Participation of 
citizens 

B Effective 
redress 
mechanisms 

Mechanisms complementary 
to Regulation (EU) 2016/679 
(GDPR) Article 22 

Increasing citizens’ awareness 
about deployments of AI  
systems for administrative  
decision-making purposes 
with a legally binding effect 

Meaningful information  
about redress options and  
mechanisms under both EU  
and national law for affected  
citizens (applicable beyond 
only high-risk AI systems) 

Option for lodging collective 
complaints similar to 
Regulation (EU) 2016/679 
(GDPR) Article 80 

Citizen deliberation over and 
participation in the design of 
digital redress mechanisms  
 (following the principle of 
“legal protection by design”) 

Citizens, 
Deployers 

(Continued) 
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Ethical and Robust AI Lawful AI Lawful Trustworthy AI 
AI HLEG ethical 
principles 

Addressee/s 
(AI Act) 

Relevant 
articles 
(AI Act) 

Main gaps in 
extant legislation 

ID Legal 
condition 

Explanation/recommendations Main 
stakeholder/s 

Respect for human 
autonomy: 
(CFEU: Articles 1 and 6) 
• Human agency

and oversight

Prevention of harm: 
(CFEU: Article 3) 
• Technical

robustness and 
safety

• Privacy and data
governance

• Societal and 
environmental
well-being

Fairness: 
(CFEU: Article 21ff) 
• Diversity, non-

discrimination,
and fairness

• Societal and 
environmental
well-being

• Accountability

Explicability: 
(CFEU: Article 47) 
• Transparency

Deployers, 
Developers 

4 and 
70(3); 
Recitals 
91 and 
165 

Higher education 
funding 

Socio-technical 
digital literacy 
of developers, 
deployers and 
citizens 

C Socio-
technical 
digital 
literacy 

Increasing capabilities of 
citizens to participate in the  
development and 
assessment of Trustworthy AI 
systems through 
adequate funding for  
interdisciplinary education  
programs and curricula on AI 
from preschool to higher 
education 

Enabling lifelong learning and 
promoting open universities 

Adoption of the method of 
co-creation in higher 
education  

Review of tech collaborations 
at public universities 

Citizens, 
Deployers, 
Developers 

(Continued) 
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Ethical and Robust AI Lawful AI Lawful Trustworthy AI 
AI HLEG ethical 
principles 

Addressee/s 
(AI Act) 

Relevant 
articles 
(AI Act) 

Main gaps in 
extant 
legislation 

ID Legal condition Explanation/recommendations Main 
stakeholder/s 

Respect for human 
autonomy: 
(CFEU: Articles 1 and 6) 
• Human agency

and oversight

Prevention of harm: 
(CFEU: Article 3) 
• Technical

robustness and 
safety

• Privacy and data
governance

• Societal and 
environmental
well-being

Fairness: 
(CFEU: Article 21ff) 
• Diversity, non-

discrimination,
and fairness

• Societal and 
environmental
well-being

• Accountability

Explicability: 
(CFEU: Article 47) 
• Transparency

Deployers 
(National 
competent 
authorities), 
Developers 

6 to 27, 
50, 65 to 
67, 70, 
74, 77 
and 112; 
Recital 
165 

Risk-based 
approach 

Adequate 
funding for 
national 
supervisory 
authorities 

Information  
exchange 
between 
national 
competent 
authorities 
and national 
human rights 
institutes 

Amendments 
to list of 
high-risk AI 
systems in 
Annex III 

D Monitoring and 
enforcement 
capacity of 
national 
supervisory 
authorities 

Adequate funding for 
national supervisory 
authorities 

Monitoring of AI systems  
other than high-risk AI systems 

Contextualisation of potential 
human rights harms through 
participation of citizens in  
fundamental rights impact  
assessments (applicable  
beyond high-risk AI systems) 

Collaboration and 
information exchange on AI  
human rights monitoring  
experiences between  
national human rights  
institutes and market  
surveillance authorities built  
on experience around public 
AI registers in cities 

Extensive collaboration 
among Commission, EU AI  
Board and Advisory Forum 

Amendments to list of high- 
risk AI systems in Annex III by 
national human rights  
institutes and, on a case-by- 
case basis, also citizens 

Deployers 
(National 
competent 
authorities), 
Citizens, 
Developers 

(Continued) 
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Ethical and Robust AI Lawful AI Lawful Trustworthy AI 
AI HLEG ethical 
principles 

Addressee/s 
(AI Act) 

Relevant 
articles 
(AI Act) 

Main gaps in 
extant 
legislation 

ID Legal condition Explanation/recommendations Main 
stakeholder/s 

Respect for human 
autonomy: 
(CFEU: Articles 1 and 6) 
• Human agency

and oversight

Prevention of harm: 
(CFEU: Article 3) 
• Technical

robustness and 
safety

• Privacy and data
governance 

• Societal and 
environmental 
well-being 

Fairness: 
(CFEU: Article 21ff) 
• Diversity, non-

discrimination,
and fairness

• Societal and 
environmental
well-being

• Accountability

Explicability: 
(CFEU: Article 47) 
• Transparency

Developers, 
Deployers 

Recital 
165 

Participatory 
design 
and co- 
assessment 
methodo-
logies 

E Fora for 
participatory 
design and the 
inspection 
process for 
Ethical AI 

Establish fora in existing 
public institutions and adopt 
co-design methodologies,  
particularly the structured 
method of value sensitive  
design and the inspection  
process for Ethical AI and  
enable the participation of 
citizens, developers and  
deployers, including a diverse 
group of domain-specific 
experts from both the public 
and private sector, in the 
development and 
assessment of AI systems in 
the public sector (beyond 
high-risk practises) 

Design these public fora such 
that all interested citizens, 
including disabled or  
visually and/or hearing  
impaired, are enabled to 
meaningfully participate in 
the development and 
assessment of AI systems in 
the public sector 

Citizens, 
Deployers, 
Developers 

Source: Author 
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4.3 Limitations 
Several challenges to the realisation of the conditions and requirements exist. By only 
invoking the language of human rights, the interactions between citizens and AI systems, 
the institutions, and the human beings behind them will not become more fair, 
transparent, and accountable when deploying AI systems (Kleizen et al., 2023). 
Trustworthy AI must be brought to action. Yet, risk aversion and blame avoidance among 
decision-makers in policy innovations (Hood, 2010; Howlett, 2014) could complicate the 
implementation of the proposed requirements, particularly since implementing them 
may take time and may not lead to immediate policy success. Similarly, overly constrained 
budgets in the Member States might, yet should not impede their realisation, specifically 
but not only when it comes to conditions three and five for increasing citizens’ 
capabilities to critically partake in shaping the technological normativity of AI. Achieving 
effective communication to ensure that both public and private stakeholders understand 
the intentions of governmental AI projects and can participate in their implementation 
presents an additional hurdle (Kerikmäe & Pärn-Lee, 2021). 

The proposed human rights-based conditions are not a panacea or a strive for 
perfection to address the complex landscape of challenges that the introduction of AI in 
the public sector carries, specifically since AI is a wicked problem (Austin & Háji, 2023). If 
one were to apply these requirements to other cultures and contexts, they ought to be 
adjusted with the involvement of the citizens, civil society, business communities, and 
public authorities, depending on their needs, capabilities, and capacities. Human rights 
approaches themselves need to be self-reflective to the extent that they do not impose a 
morality superior over other approaches to AI regulation (Karppinen & Puukko, 2020).  

Additionally, conducting interdisciplinary normative research in the field of human 
rights and involving interdisciplinary perspectives may carry the risk of focusing on the 
law as it should be (lex ferenda) rather than as it is (lex lata) (Coomans et al., 2010). While 
this argument is relevant, it must be evaluated in the context of recent legislative actions 
on data protection and privacy, cybersecurity, and AI. Considering the threats the 
development and use of AI can pose to democracy, the rule of law, and fundamental 
rights (Murray, 2021; Nemitz, 2018, 2021; Nemitz & Pfeffer, 2020), this thesis responds 
to the growing call in the legal research community to adopt an interdisciplinary 
approach to regulating AI (Hoffmann-Riem, 2021). 

Thus, by combining socio-technical and human rights perspectives, the thesis 
attempts to show the current limits in the law for addressing potential human rights 
harms and promoting the fundamental rights of individuals and groups concerning the 
development and public-sector deployment of AI systems. It highlights the limits of 
traditional legal approaches for addressing these lacunae, specifically from the perspective 
of citizens interacting with AI. To protect fundamental rights in the context of Law 3.0 
(Brownsword, 2016, 2020, 2022), including interdisciplinary perspectives that can 
enhance public participation in the development and assessment of AI systems and allow 
citizens to influence the value choices made by AI developers is imperative. As shown in I-III 
and further discussed in this chapter, this necessitates implementing mechanisms that 
can involve developers, deployers, and citizens in joint assessment and development 
processes. These mechanisms include fundamental rights impact assessments, the VSD 
participatory design approach, and the co-assessment inspection process for Ethical AI. 
Additionally, realising Trustworthy AI involves improving subsequent enforcement and 
monitoring of AI legislation based on fundamental rights as well as providing adequate 
funding for interdisciplinary education programs and curricula on AI from preschool to 
higher education.
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5 Concluding remarks and avenues for future research 
To adequately protect and promote the fundamental rights of individuals and groups 
regarding the development and deployment of AI systems in the public sector, this thesis 
suggests adopting a precautionary rather than a permissive approach to regulating AI. 
Each of the proposed conditions, including the specific requirements, aims to address 
the normative concerns identified in this thesis. By combining human rights with socio-
technical perspectives, the thesis proposes an inherently bottom-up, interdisciplinary, 
collaborative approach to AI regulation. Inclusive of the needs and capabilities of citizens, 
the proposed legal and institutional requirements are aimed at both protecting and 
promoting the fundamental rights of individuals and groups. In highlighting some 
significant limitations in the EU legal frameworks examined in this thesis, the author 
suggests that Trustworthy AI can be realised if governments take the following actions: 
- Create a robust and resilient ICT infrastructure in the public and private sectors. This 

includes strengthening the role of citizens in cybersecurity mitigation and response
efforts, particularly through citizen participation in fundamental rights impact
assessments before deploying AI systems in the public sector.

- Establish effective redress mechanisms, specifically by extending information rights
to citizens about AI-informed administrative decisions.

- Allocate adequate funding for interdisciplinary education programs and curricula to
increase the socio-technical digital literacy of citizens in the long term.

- Provide adequate funding to national supervisory authorities to increase their
capacity to monitor compliance with human rights obligations across all types of AI
systems and enforce fundamental rights.

- Establish fora in existing public institutions and implement the systems thinking and
participatory design methods of value sensitive design and the inspection process for 
Ethical AI to enable public and private stakeholders, developers, deployers, and
citizens, including domain-specific experts (doctors, lawyers, and so forth), to translate
and embed the ethical principles of the AI HLEG and applicable legal requirements
into AI systems for various application areas in the public sector.

Based on the findings of the thesis, several topics for future research emerge. 
First, further research is required into how the ethical principles of the AI HLEG and 

applicable legal requirements can be translated for different AI application contexts in 
the public sector, including for the implementation of SM in residential households (II). 
To this end, empirical studies are needed on the practicability of the inspection process 
for Ethical AI in different application areas and beyond the area of healthcare, where the 
assessment process has shown its practicality (Zicari et al., 2021a). 

Secondly, at the EU level, further case law is needed to clarify public entities’ 
obligations in the use of AI systems and individuals’ rights under extant data protection 
legislation. While the CJEU’s recent judgment clarified that Article 22 contains a 
prohibition concerning decisions reached by an AI system, particularly the assignment of 
“scores” or the creation of “risk profiles” by automated processing (Case C-634/21, 2023; 
Opinion of Advocate General Pikamäe, 2023; Silveira, 2023), further legal interpretation 
is needed on which AI use cases might constitute automated individual decision-making 
under Article 22 of the GDPR. At the national level, further judgments from Supreme or 
Constitutional Courts are needed to specify which AI practices can be considered 
constitutional and which should be banned in addition to those outlawed by the AI Act 
(see also recent judgment by the First Senate of the Federal Constitutional Court of 
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Germany (Bundesverfassungsgericht) on the legislation in Hesse and Hamburg regarding 
the use of automated data analysis for predictive policing: Case 1 BvR 1547/19, 2023). 

Third, while in the literature on the regulation of AI, the argument is often invoked 
that human rights-based approaches might hinder innovation and set additional 
bureaucratic hurdles for businesses, human rights scholarship has only conducted 
conceptual and theoretical studies to counter these arguments (McGregor et al., 2019; 
Yeung et al., 2020). Therefore, qualitative and quantitative empirical studies are needed 
to assess the economic effects of adopting human rights-based approaches to AI 
regulation. To this end, the practicality of the method of empirical legal studies should 
be evaluated (Altwicker, 2019; Ballin, 2020). Yet, statistics should be used with caution 
in this regard due to the problem of causality and its potential for not accounting for 
contextual factors (Alston, 1992). When assessing the adequacy of fundamental rights 
protection, including, for instance, how adequately the obligations and rights in the AI 
Act can protect individuals and groups, it should be assessed in combination with 
qualitative methods (Coomans et al., 2010).  

Fourth, more participatory regulatory approaches to AI beyond the risk-based 
approach in the AI Act need to be sought (III). The proposed legal and institutional 
requirements in this thesis are only a first contribution to this debate. Parallel to the 
implementation of the AI Act, further study of the borderline cases of AI applications and 
their relation to the categories of prohibited AI practices, high-risk AI systems, and certain 
AI systems other than high-risk is necessary. This could be done by employing fundamental 
rights impact and environmental risk assessment mechanisms. 

Fifth, additional qualitative and quantitative data ought to be collected to study citizens’ 
perceptions of Trustworthy AI, focusing on effective redress mechanisms, fundamental 
rights impact assessments, and participatory design methods (III). Similarly, more 
participatory data collection methods should be explored and implemented for broader 
stakeholder involvement beyond conventional data collection methods such as surveys 
(Bergold & Thomas, 2012; de Vos et al., 2021). Equally important is collecting more data on 
the environmental impact of the development and use of AI systems, and their potential 
for climate mitigation efforts (III), including concerning the effectiveness of SM in this 
context (II). 

Setting standards for developers and deployers of AI systems to align the use of the 
technology with human values, fundamental rights, and the rule of law is a societal task 
that requires the involvement of all scientific disciplines and relevant stakeholders 
equally (Nyman-Metcalf & Kerikmäe, 2020; I-III). To realise Trustworthy AI or adequate 
protection and promotion of fundamental rights concerning AI, this thesis, therefore, 
argues for implementing an inherently interdisciplinary, human rights-based approach, 
involving legislators, policymakers, developers, deployers, and citizens in AI regulation. 

In essence, realising Trustworthy AI wisely implies that human rights should not 
be “confined within the judicial model [and the code of AI systems] in which [they could 
be] incarcerated” (Sen, 2004, p. 319; adapted by the author). It also means 
decentring technology sometimes and reflecting on whether other approaches 
could address a societal problem more effectively than relying on AI systems alone. It 
is also important sometimes to pose the right questions and leave room for them to be 
heard, for instance, about whether developing some AI systems in the first place is 
beneficial for society at all. More importantly, realising Trustworthy AI in the public 
sector wisely involves empowering citizens, being responsive to their needs, and 
attempting to collaboratively enhance understanding of the root causes of societal 
problems over the long term before relying primarily on AI technologies to solve them.
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Abstract 

Human Rights-Based Legal Conditions for Trustworthy AI 
Regulating the advanced networked digital information and communications technology 
of artificial intelligence (AI) system has recently become a key priority for governments 
around the world. While on the one hand, AI promises to contribute to economic growth, 
help tackle societal challenges, and render the delivery of public services more efficient 
and effective, on the other hand, empirical evidence, such as the SyRI case, has shown 
how some mundane AI implementations in the public sector can create significant 
material and immaterial harm to individuals and groups impacting the EU values of 
democracy, the rule of law and human rights, including the trust of citizens. In response 
to the complex twofold challenge of mitigating potential human rights harm while 
leveraging the projected societal benefits of AI, governments are establishing regulatory 
instruments focused on enabling the implementation of Trustworthy AI. Informed by the 
fundamental rights-based approach of the High-Level Expert Group on Artificial 
Intelligence (AI HLEG) and its three-part framework for Trustworthy AI as lawful, ethical, 
and robust AI, this cumulative thesis conceives the realisation of Trustworthy AI as 
adequate protection and promotion of the fundamental rights of individuals and groups 
concerning the development and public-sector use of AI. Yet, only limited research has 
dealt with the question of the legal conditions under which Trustworthy AI can be 
realised in the public sector. 

Providing conceptually and theoretically informed insights on this topic, this 
interdisciplinary thesis examines one main research question and three sub-questions: 
Under what legal conditions can the fundamental rights of individuals and groups be 
protected and promoted regarding the development and public-sector use of AI 
systems? 
- What policy and legal measures has the European Union implemented as part of its

AI strategy to protect and promote fundamental rights?
- To what extent can the main legal principles and mechanisms under the GDPR

address risks to the fundamental right of the protection of privacy concerning the
development and use of AI?

- In which aspects does the AI Act fall short in guaranteeing adequate protection and
promotion of fundamental rights regarding the development and public-sector use
of AI?

The main aim of the thesis is to determine the legal conditions necessary and sufficient 
for protecting and promoting the fundamental rights of individuals and groups 
concerning the development and public-sector use of AI. In addressing the research 
questions, the thesis looks into two cases, involving the application of two different AI 
models in the public sector: the SyRI case, and the implementation of smart metering 
systems (SM), including the use of non-intrusive load monitoring techniques, in residential 
households. It focuses on regulating narrow AI systems and neither deals with AI that 
poses only minimal risk, such as spam filters, nor with AI applications for military 
purposes. 

Based on four original, peer-reviewed publications and a contribution to the Report 
of Estonia’s AI Taskforce, this thesis contributes to the growing body of knowledge on AI 
regulation, particularly to nascent critical streams in the literature on human rights-based 
approaches to AI. By combining insights from human rights and science and technology 
studies, it examines pertinent EU legal frameworks under the EU AI strategy, including 
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the Cybersecurity Act, the NIS 1, and the revised NIS 2 Directive, the GDPR, and the AI 
Act. Methodologically, the thesis adopts a “law in action” approach, taking an external 
viewpoint on the law and including critical perspectives beyond the traditional legal 
approach. By applying qualitative research using both deductive and inductive methods, 
it thereby aims to understand how the four ethical principles of the 
AI HLEG can be translated into lawful AI. In this regard, the thesis follows Cohen’s 
conceptualisation of fundamental rights as civil liberties, capabilities, and affordances, 
considering that developers significantly influence the ordering function of the law by 
embedding their values into the technology in the development of AI, thereby impacting 
the choices and autonomy of citizens at the use stage of the technology. 

Building on findings in Publication IV, to which the author contributed with desk 
research on AI policies of several European countries, the USA, and the EU, Publication I 
establishes the main technical approaches of the technology and evaluates potential 
regulatory models to address normative concerns related to AI. It suggests that the 
regulatory discussions on AI should be centred on the question of by whom and for which 
purposes AI systems will be designed and related to that, by whom the technology is 
owned and deployed and in which contexts AI will be applied. Publications II and III show 
how interdisciplinary, fundamental rights-based systems thinking approaches can be 
applied to mitigate potential human rights harms and promote the fundamental rights 
of citizens as end-users of AI. Publication III particularly emphasises the introduction of 
participatory systems thinking approaches, based on the structured participatory design 
method of value sensitive design and the co-assessment inspection process for Ethical 
AI. The thesis treats these approaches as initial methods for organising participatory AI 
governance in the public sector, aimed at involving legislators, policymakers, developers, 
deployers, and citizens in the joint development and assessment of the technology. The 
findings of Publication V, particularly on the harms caused by the ransomware attack 
WannaCry, informed Publication II, which contains technical and legal analyses of 
identified privacy and cybersecurity concerns of end-users concerning the 
implementation of SM in residential households. 

In synthesis, the normative analysis highlights some significant limitations in extant 
EU legislative frameworks and the AI Act for realising Trustworthy AI in the public sector. 
In an attempt to overcome them, the thesis suggests implementing human rights-based 
legal conditions as part of an inherently interdisciplinary, collaborative, bottom-up 
approach to AI regulation. Overall, the conditions proposed involve implementing 
fundamental rights impact assessments and effective redress mechanisms, allocating 
adequate funding for interdisciplinary education programs and national supervisory 
authorities, and establishing fora in existing public institutions for participatory design 
and the inspection process for Ethical AI. By conceptualising AI as a socio-technical system 
embedded in societal structures and contexts, mediated through digital devices, the 
thesis highlights the need to treat AI not as a neutral tool or product but as a technology 
that requires advancing AI regulation as a collective responsibility. Complementary to the 
existing risk-based approach in the AI Act, the thesis provides guidelines and suggests 
practically applicable tools for practitioners and scholars to test and implement 
participatory regulatory approaches to AI in the public sector to realise Trustworthy AI in 
the long term. 
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Lühikokkuvõte 

Inimõigustel põhinevad õiguslikud tingimused usaldusväärse 
tehisintellekti loomisel 
Tehisintellekti süsteemidel põhinev võrgustunud digitaalse info- ja 
kommunikatsioonitehnoloogia reguleerimine on viimasel ajal muutunud kogu maailma 
valitsuste jaoks oluliseks prioriteediks. Ühelt poolt lubatakse, et tehisintellektiga 
aidatakse kaasa majanduskasvule, ühiskondlike probleemide lahendamisele ning avalike 
teenuste osutamise tõhusamaks ja tulemuslikumaks muutmisele, kuid teiselt poolt on 
empiirilised tõendid, näiteks SyRI juhtum, näidanud, kuidas mõned argised avalikus 
sektori tehisintellektirakendused võivad tekitada üksikisikutele ja rühmadele 
märkimisväärset materiaalset ja immateriaalset kahju, mõjutades demokraatia, õigusriigi 
ja inimõiguste väärtusi, sealhulgas kodanike usaldust. Vastuseks keerulisele 
kahetasandilisele väljakutsele, milleks on võimalike inimõiguste kahjustuste 
leevendamine ja samal ajal tehisintellekti prognoositava ühiskondliku kasu 
ärakasutamine, on valitsused kehtestanud regulatiivsed meetmed, mis on suunatud 
usaldusväärse tehisintellekti rakendamise võimaldamisele. Tuginedes kõrgetasemelise 
tehisintellekti eksperdirühma (AIHLEG) põhiõigustel põhinevale lähenemisviisile ja selle 
kolmest osast koosnevale usaldusväärse tehisintellekti raamistikule – seaduslik, eetiline 
ja tugev tehisintellekt – on käesolevas kumulatiivses doktoritöös käsitletud usaldusväärse 
tehisintellekti realiseerimist kui üksikisikute ja rühmade põhiõiguste piisavat kaitset ja 
edendamist seoses tehisintellekti arendamise ja avaliku sektori kasutamisega. Siiski on 
seni vaid piiratud määral uuritud, millistel õiguslikel tingimustel saab usaldusväärset 
tehisintellekti avalikus sektoris realiseerida. 

Käesolevas interdistsiplinaarses doktoritöös uuritakse ühte peamist uurimisküsimust 
ja kolme alamküsimust, mis annavad kontseptuaalselt ja teoreetiliselt põhjendatud 
ülevaate sellest teemast: 
Millistel õiguslikel tingimustel saab üksikisikute ja rühmade põhiõigusi kaitsta ja 
edendada seoses tehisintellekti süsteemide arendamise ja avaliku sektori kasutamisega? 
- Milliseid poliitilisi ja õiguslikke meetmeid on Euroopa Liit võtnud osana oma
tehisintellekti strateegiast põhiõiguste kaitsmiseks ja edendamiseks?
- Mil määral saavad üldises isikuandmete kaitse määruses sätestatud peamised
õiguslikud põhimõtted ja mehhanismid käsitleda riske, mis ähvardavad eraelu
puutumatuse kaitse põhiõigust seoses tehisintellekti arendamise ja kasutamisega?
- Millistes aspektides ei suuda tehisintellekti seadus tagada põhiõiguste piisavat
kaitset ja edendamist seoses tehisintellekti arendamise ja avaliku sektori kasutamisega?

Lõputöö peamine eesmärk on määrata kindlaks õiguslikud tingimused, mis on 
vajalikud ja piisavad üksikisikute ja rühmade põhiõiguste kaitsmiseks ja edendamiseks 
seoses tehisintellekti arendamise ja avaliku sektori kasutamisega. Uurimisküsimuste 
käsitlemisel vaadeldakse doktoritöös kahte juhtumit, mis hõlmavad kahe erineva 
tehisintellekti mudeli rakendamist avalikus sektoris: SyRI juhtum ja nutikate 
mõõtmissüsteemide rakendamine, sealhulgas mittesekkuvate koormuse jälgimise 
meetodite kasutamine kodumajapidamistes. Peamiselt keskendutakse kitsaste 
tehisintellekti süsteemide reguleerimisele ning ei käsitleta tehisintellekti, mis kujutab 
endast vaid minimaalset ohtu, nagu rämpsposti filtrid, ega tehisintellekti rakendusi 
sõjalistel eesmärkidel. 
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Käesolev doktoritöö, mis põhineb neljal eelretsenseeritud teadusartiklil ja Eesti 
tehisintellekti töörühma aruandel, annab oma panuse tehisintellekti reguleerimist 
käsitlevate teadmiste kasvavasse kogumisse, eelkõige tekkivatesse kriitilistesse 
suundadesse kirjanduses, mis käsitlevad inimõigustel põhinevaid lähenemisviise 
tehisintellektile. Ühendades inimõiguste ning teadus- ja tehnoloogiauuringute 
seisukohti, uuritakse selles ELi tehisintellekti strateegia raames asjakohaseid ELi 
õigusraamistikke, sealhulgas küberturvalisuse seadust, NIS 1 ja läbivaadatud NIS 2 
direktiivi, üldist majandushuvi käsitlevat määrust ja tehisintellekti seadust (tehisintellekti 
seadus). Metodoloogiliselt lähtutakse doktoritöös õigus päriselus – law in action –, võttes 
õiguse suhtes välise vaatenurga ja kaasates kriitilisi vaatenurki, mis väljuvad 
traditsioonilisest õiguslikust lähenemisviisist. Kvalitatiivne uurimus kasutab nii 
deduktiivset kui ka induktiivset meetodit, mille abil püütakse mõista, kuidas AIHLEGi neli 
eetilist põhimõtet on võimalik tõlkida seaduslikuks tehisintellektiks. Sellega seoses järgib 
doktoritöö Coheni põhiõiguste kontseptsiooni kui kodanikuvabaduste, võimekuste ja 
võimaldatavus (affordances) kontseptsiooni, võttes arvesse, et arendajad mõjutavad 
oluliselt õiguse korralduslikku funktsiooni, integreerides oma väärtused AI arendamisel 
tehnoloogiasse, mõjutades seeläbi kodanike valikuid ja autonoomiat tehnoloogia 
kasutamisetapis. 

Tuginedes IV artikli järeldustele, millesse põimiti mitmete Euroopa riikide, Ameerika 
Ühendriikide ja ELi tehisintellektipoliitikat käsitlev dokumendianalüüs, kehtestatakse I 
artiklis tehnoloogia peamised tehnilised lähenemisviisid ja hinnatakse võimalikke 
regulatiivseid mudeleid, et käsitleda tehisintellektiga seotud normatiivseid probleeme. 
Selles tehakse ettepanek, et tehisintellekti üle peetavad regulatiivsed arutelud peaksid 
keskenduma küsimusele, kelle poolt ja millistel eesmärkidel tehisintellekti süsteemid 
kavandatakse ja sellega seoses, kellele tehnoloogia kuulub ja kes seda kasutab ning 
millistes kontekstides tehisintellekti rakendatakse. Usaldusväärse tehisintellekti 
realiseerimiseks näitavad II ja III artiklis esitatud järeldused, kuidas saab rakendada 
interdistsiplinaarseid, põhiõigustel põhinevaid süsteemseid lähenemisviise, et leevendada 
võimalikku kahju inimõigustele ja edendada kodanike põhiõigusi. III väljaandes 
rõhutatakse eelkõige osalusel põhineva süsteemse mõtlemise lähenemisviiside 
kasutuselevõttu, mis põhineb struktureeritud osalusel põhineval väärtustundliku 
projekteerimise meetodil ja eetilise tehisintellekti kaashindamise kontrolliprotsessil. 
Doktoritöös käsitletakse neid lähenemisviise kui esialgseid meetodeid osaluslike 
tehisintellekti valitsemise korraldamiseks avalikus sektoris, mille eesmärk on kaasata 
seadusandjad, poliitikakujundajad, arendajad, kasutuselevõtjad ja kodanikud tehnoloogia 
ühisarendusse ja -hindamisse. V artikli järeldused, eelkõige WannaCry lunavararünnaku 
põhjustatud kahjude kohta, on aluseks II artiklis, milles viiakse läbi tehniline ja õiguslik 
analüüs lõppkasutajate tuvastatud eraelu puutumatuse ja küberturvalisuse probleemide 
kohta seoses arukate mõõtmissüsteemide rakendamisega kodumajapidamistes. 

Kokkuvõttes toob normatiivne analüüs esile mõned olulised piirangud olemasolevates 
ELi õigusraamistikes ja tehisintellekti seaduses, mis on vajalikud usaldusväärse 
tehisintellekti rakendamiseks avalikus sektoris. Nende probleemide ületamiseks tehakse 
ettepanek rakendada inimõigustel põhinevaid õiguslikke tingimusi osana 
interdistsiplinaarsest, koostööl põhinevast, alt-üles lähenemisviisist tehisintellekti 
reguleerimisel. Üldiselt hõlmavad väljapakutud tingimused järgmist: põhiõiguste 
mõju hindamise ja tõhusate õiguskaitsemehhanismide rakendamine, piisava 
rahastamise eraldamine interdistsiplinaarsetele haridusprogrammidele ja riiklikele 
järelevalveasutustele ning foorumite loomine olemasolevates avalikes asutustes 
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osaluslike kujunduste ja eetilise tehisintellekti kontrolliprotsessi jaoks. Mõtestades 
tehisintellekti kui sotsiaal-tehnilist süsteemi, mis on integreeritud ühiskondlikesse 
struktuuridesse ja kontekstidesse ning mida vahendavad digitaalsed seadmed, 
rõhutatakse doktoritöös vajadust käsitleda tehisintellekti mitte neutraalse vahendi või 
tootena, vaid hoopis tehnoloogiana, mis nõuab tehisintellekti reguleerimise edendamist 
kui kollektiivset vastutust. Doktoritöö täiendab tehisintellekti seaduses sätestatud 
riskipõhist lähenemisviisi ning pakub praktikutele ja teadlastele suuniseid ja praktiliselt 
rakendatavaid vahendeid, et katsetada ja rakendada avalikus sektoris tehisintellekti 
osalusel põhinevaid regulatiivseid lähenemisviise, et saavutada pikas perspektiivis 
usaldusväärne tehisintellekt.
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Appendix: Publications I-III and IV-V 

Publication I 
3.1 Antonov, A., & Kerikmäe, T. (2020). Trustworthy AI as a Future Driver for 
Competitiveness and Social Change in the EU. In D. R. Troitiño, T. Kerikmäe, R. M. de la 
Guardia & G. Á. P. Sánchez (Eds.), The EU in the 21st Century: Challenges and 
Opportunities for the European Integration Process (pp. 135−154). Springer. 
https://doi.org/10.1007/978-3-030-38399-2_9 
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<=>?@A�BC�DE�BF�AGH�IBJKL�H@BFB=MN�OPQ�RSTUV�WXYZ[\P]�̂�_S̀ ab[]NcdbZebfeP�bgV�hgga\ViiQQQǸXUZ[\P]NXS̀ ijìPkZbiWXYZ[\P]ilPbgmTPkno[\Zphg\icTgZqZXZbeno[gPeeZpP[XPiOSgP\nqTS̀ nghPnqTS[gZPTnWSkPeZ[pnghPnZ̀abXgnSqnconS[nghPnQSTeknPXS[S̀ ]iWronOSgP\nqTS̀ nghPnconqTS[gZPTnWSkPeZ[pnghPnZ̀abXgnSqnconS[nghPnQSTeknPX�N�cXXP\\PkV�sPagP̀fPT�tuv�wxtyNWZggPe\gbkgv�zN�{Nv�ceeSv�|Nv�}bkkPSv�WNv�~bXhgPTv�sNv�̂�leSTZkZv��N��wxt��N�}hPPghZX\�Sq�bepSTZgh̀ \V�WbaaZ[p�ghP�kPfbgPN��<���?A?����B@<HAMv�t�wtOSTgh\gbTN��wxt���DE�ABL?M��DE�AB=BJJBI��DI?JHFH����?@@H>A?F@H�?FL?FA<@<>?A<BF�BC�DE��D��KB�?K�@BF��=HJ�>HJ�>H@A<�HN�cdbZebfeP�bgV�hgga\ViiQQQNbTǸXS̀ i\SemgZS[\ibTgZqZXZbenZ[gPeeZpP[XPi\mTdP]�N�cXXP\\PkV�sPagP̀fPT��v�wxtyN��_{N��wxty�N�DJA<C<@<?K�<FAHKK<�HF@H�<F��B@<HAMN�|bTZ\V���_{�|mfeZ\hZ[pN�mgPkbv�_N�_N��wxxt�N��K�>JB@H�B�LH�@BF�A<A�@<BF?K<�?@<�F�LH�K?��F<�F���JB>H?�LH��B=?�?��<�?��OSN���N��[Zd�sb[gZbpS�kP�_S̀ aS\gPebN|bQeb\v�oN��wxtuv�sPagP̀fPT�N�}hP��Z\PpTbk�_Sm[gTZP\�b[k��mTSaPb[��[ZS[P̀̀ fPT\hZan\PePXgPk�Z\\mP\N�o[��JB@HHL<F���BC�EFAHJF?A<BF?K�D@?LH=<@�BFCHJHF@H���OSN�w�x�����N�o[gPT[bgZS[be�o[\gZgmgP�Sq�sSXZbe�b[k��XS[S̀ ZXsXZP[XP\N�b̀ZTS�}TSZgZ[Sv�{Nv�̂�|b[kS�zbeeP\gPTS\v�WN�{N��N�|N��wxt��N�_hmTXhZee \�mTSaPb[�Z[gPpTbgZS[�̀SkPeN���¡E�¢D����£��E���¢���¤¥¥��u���tN�PZ[\Pev�{Nv�rb[g¦v�§Nv�̂��]k[Z[pv�§N��wxt��N�}hP�kZpZgZ¦bgZS[�Sq�ghP�QSTekV�lTS̀PkpP�gS�XSTPN�DF�E���̈G<AH��?>HJN�cdbZebfeP�bgV�hgga\ViiQQQN\PbpbgPNXS̀ iqZeP\iQQQnXS[gP[giSmTn\gST]igTP[k\iqZeP\iZkXn\PbpbgPnkbgbbpPnQhZgPabaPTNakq�NcXXP\\PkV�sPagP̀fPT�t�v�wxtyN�m\\Peev�sN�§Nv�̂�OSTdZpv�|N���k\N�N��wxt��N�DJA<C<@<?K�<FAHKK<�HF@H��D�=BLHJF?>>JB?@G���Tk�PkN�N��\\P©V�|PbT\S[�PkmXbgZS[NsXhPTPTv�WN��wxt��N��PpmebgZ[p�bTgZqZXZbe�Z[gPeeZpP[XP�\]\gP̀\V��Z\U\v�XhbeeP[pP\vXS̀ aPgP[XZP\�b[k�\gTbgPpZP\N�ª?J�?JL�«B�JF?K�BC�¬?I���¢H@GFBKB�M��®�w�v��u���xxNsSeS̀ S[Sqqv�rN��tyu��N��?M��BKB=BFBCC�?FL�AGH��?JA=B�AG���==HJ�JH�H?J@G>JB̄H@A�<F�?JA<C<@<?K�<FAHKK<�HF@HN�cdbZebfeP�bg�hggaViiTb]\SeS̀ S[SqqNXS̀ ikbTg̀SmghikbTgTb]Nakq�N�cXXP\\PkV�sPagP̀fPT�t�v�wxtyN
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YZ�[\]�̂_Z[]̀[�_a�bc_deccf�̂_Z[]g[]hi�hfZejk̂eccf�]l_clkZb�hkbk[ec�]̂_gfg[]jgi�mk[\�[neh]�eZh�on_hp̂[k_Z�_a�b__hgi�g]nlk̂]g�eZh�kZa_nje[k_Z�kẐn]j]Z[eccf�g\ka[kZb�kZ[_�[\]�hkbk[ec�n]ecji�[\]�_dq]̂[kl]�_a�[\kg�̂_Ẑ]o[peci�]̀oc_ne[_nf�oeo]n�kg�[_�]̀ejkZ]�[\]�rstg�n_c]�kZ�eZh�̂_Z[nkdp[k_Z�[_�h]l]c_oj]Z[�_a�e�Z_l]c�[fo]�_a�b_l]nZeẐ]i�[\]�o\]Z_j]Z_Z�_a�eZ�]j]nbkZb�un[kv̂kec�YZ[]cckb]Ẑ]�gfg[]jg�wuYx�b_l]nZeẐ]�anej]m_nyz�{k[\�uYtg�y]f�apẐ[k_Z�_a�ejockafkZb�ka�Z_[�ep[_je[kZb�g_̂kec�on_̂]gg]g�[nehk[k_Zeccf�̂ennk]h�_p[�df�\pjeZ�d]kZbgi�k[g�mkh]|ĝec]�kZ[n_hp̂[k_Z�kZ[_�g_̂k][f�m_pch�̂_Ẑ]kledcf�\el]�e�n]l_cp[k_Zenf�kjoê[�_Z�\pjeZ�ep[_Z_jfz�{\kc]�}p]g[k_Zg�ed_pZh�eg�[_�[\]�]̀ê[�Ze[pn]�_a�uY�eZh�[\pg�k[g�ĝ_o]i�eZh�[\]�edkck[f�[_�n]bpce[]�k[g�eoock̂e[k_Z�kZ�hkl]ng]�g_̂k][ec�̂_Z[]̀[gi�[\]�rs�h]lkg]h�e�n]bpce[_nf�anej]m_ny�[ekc_n]h�[_�c]l]neb]�a_n�[\]�o_[]Z[kec�_a�uYi�eg�_Z]�_a�[\]�c]eh]ng�_a�uY�h]l]c_oj]Z[i�ec_Zb�mk[\�[\]�s~�eZh��\kZez��\]�rstg�bc_deccf�pZk}p]�g[eZhenhg�_Z�uY�en]�_a�oen[k̂pcen�kZ[]n]g[��ex�[\]��npg[m_n[\f�uY�anej]m_nyi�h]l]c_o]h�df�[\]��kb\|�]l]c�r̀o]n[��n_po�_Z�uY�wuY���r�i�����ex�eZh�deg]h�_Z�e�apZhej]Z[ec�nkb\[g|deg]h�pZh]ng[eZhkZbi�eZh�dx�[\]�gpdg]}p]Z[�rpn_o]eZ��_jjkggk_Ztg�on_o_gec�a_n�e�a_pn|hkj]Zgk_Zec�nkgy|deg]h�eoon_ê\�kZ�[\]�un[kv̂kec�YZ[]cckb]Ẑ]�û[�wuYux��wrs��_jjkggk_Zi�����e������d������hxz��\]�rstg�uY�o_ck̂k]g�en]�h]nkl]h�an_j�[\]�kZ[]Z[k_Z�[_�̂n]e[]�d_[\�eZ��]̂_gfg[]j�_a�[npg[���eZh��]̂_gfg[]j�_a�]̀̂]cc]Ẑ]���wrs��_jjkggk_Zi�����xz��_n]�dn_ehcfi�[\]f�en]�pZh]nokZZ]h�df�[\]�[m_|a_ch�ne[k_Zec]�[_�d_[\�ê̂]c]ne[]�h]l]c_oj]Z[�_a�[\]��kbk[ec�~kZbc]��eny][�eZh�]jo_m]n�̂k[k�]Zg�eZh�_̂Zgpj]ng�ec_Zbgkh]�[\]�[neZga_nje[kl]�b_ec�_a�ê\k]lkZb�������������������������wrs��_jjkggk_Zi�����exz� p[�\_m�en]�[\]g]�[m_�eoon_ê\]gi�[\]�apZhej]Z[ec�nkb\[g|deg]h�eZh�kZZ_le[k_Z|kZgokn]h�nkgy|deg]h�j][\_hi�eckbZ]h�mk[\�e�lk]m�[_�ê\k]lkZb���npg[m_n[\f�uY��kZ�[\kg�̂_Z[]̀[¡ug�gp̂\i�[\kg�g[phf�g]]yg�[_�]̀ejkZ]�[\]�rstg�j_h]g�_a�b_l]nZeẐ]�eoock]h�kZ�[\kg�Zeĝ]Z[�o_ck̂f�h_jekZ�[\n_pb\�[\]�onkgj�_a�[\]�uY���r�tg�anej]m_ny�_a��npg[m_n[\f�uYi�eZh�kZ�[pnZ�]ced_ne[]�_Z�m\][\]n�[\]f�en]�apccf�bn_pZh]h�kZ�apZhej]Z[ec�nkb\[g|deg]h�pZh]ng[eZhkZbi�gkẐ]�[\kg�eoon_ê\�enbpedcf�on]g]Z[g�[\]�j_g[�lkedc]�j_h]�_a�kẐn]egkZb�̂k[k�]Zgt�[npg[�kZ�eZ�kẐn]egkZbcf�ep[_Z_j_pg��z�~]]���¢��w����x���£�akZecz��¤n_o_gec�a_n�e�¥]bpce[k_Z�_a�[\]�rpn_o]eZ�¤enckej]Z[�eZh�_a�[\]��_pẐkc��efkZb��_mZ��enj_Zkg]h�¥pc]g�_Z�un[kak̂kec�YZ[]cckb]Ẑ]�wun[kak̂kec�YZ[]cckb]Ẑ]�û[x�eZh�uj]ZhkZb��]n[ekZ�sZk_Z��]bkgce[kl]�û[g�z�z�uZ�eoon_ê\�deg]h�kZ�eoock]h�][\k̂g�m\k̂\�kg�ekj]h�e[�h]l]c_okZb�uY�pZh]n�e�n]ac]̂[kl]i�̂k[k�]Z|]̂Z[nk̂i�apZhej]Z[ec�nkb\[g|deg]h�ne[k_Zec]z�z�Y[�onkjenkcf�bnelk[e[]g�en_pZh�[\n]]�okcceng��n]go_Zgkdc]�kZl]g[j]Z[i�kZZ_le[k_Zi�eZh�kjoc]j]Z[e[k_Z�_a�uY��~]]�ecg_���¢��w����x���¦�akZecz��§_g[]nkZb�e�rpn_o]eZ�eoon_ê\�[_�un[kak̂kec�YZ[]cckb]Ẑ]�z
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KLMLNKOPQRS	MRTUSVWVXY	Z[\	]̂ _̀ a	bcdeLfg	hVSiRjkRSMWYa	MUR	lRY	VmnRTMPQR	Pi	oOVQPKPSX	PSPMPLW	PSiPXUMi	PSMV	MUR	RpMRSM	MV	qUPTU	MUR	iRQRS	ORjkPORrRSMi	Vs	tOkiMqVOMUY	[\	u	UkrLS	LXRSTY	LSK	VQROiPXUMa	MRTUSPTLW	OVmkiMSRii	LSK	iLsRMYa	oOPQLTY	LSK	KLML	XVQROSLSTRa	MOLSioLORSTYa	KPQROiPMYa	SVSNKPiTOPrPSLMPVS	LSK	sLPOSRiia	iVTPRMLW	LSK	RSQPOVSrRSMLW	qRWWmRPSXa	LSK	LTTVkSMLmPWPMY	Z[\	]̂ _̀ a	bcdeLf	u	LOR	RpoORiiRK	PS	MUR	OPilNmLiRK	LooOVLTU	Vs	MUR	[\[a	mY	MUR	sVWWVqPSX	ORiRLOTU	jkRiMPVSivu	wULM	Pi	[\	LSK	UVq	TLS	MUR	MRTUSVWVXY	mR	TVSTRoMkLWPxRKyu	wULM	Pi	MUR	_z{i	[\	XVQROSLSTR	sOLrRqVOl	LSK	PMi	TVSMOPmkMPVS	MV	MUR	RrROXPSX	|RWK	Vs	[\	XVQROSLSTR	PS	XRSROLWyu	tV	qULM	RpMRSM	Pi	MUR	oOVoViRK	sVkONKPrRSiPVSLW	OPilNmLiRK	LooOVLTU	PS	MUR	[\[	LWPXSRK	qPMU	MUR	tOkiMqVOMUY	[\	TVSTRoMywUPWR	[\	Pi	KkLW	kiR	PS	TULOLTMROa	MUR	iTVoR	Vs	LooWPTLMPVS	Vs	MUR	tOkiMqVOMUY	[\	sOLrRqVOl	Pi	TVS|SRK	MV	KRQRWVorRSM	LSK	KRoWVYrRSM	Vs	[\	PS	MUR	okmWPT	iRTMVO	Z_z	hVrrPiiPVSa	bcbdmfg	[KKPMPVSLWWYa	MUR	iMkKY	Pi	rLPSWY	TRSMORK	VS	RpMROSLW	XVQROSLSTR	sLTMVOia	MURORmY	SVM	oOVQPKPSX	LS	LSLWYiPi	Vs	QLOPLmWR	PSMROSLW	XVQROSLSTR	sLTMVOi	ikTU	Li	MUR	ProLTM	Vs	mkKXRMLOY	rLMMROia	RgXg	ORXLOKPSX	okmWPT	oOVTkORrRSM	Vs	[\a	VS	MUR	[\	XVQROSLSTR	sOLrRqVOlg}~������������	��	���	��	�~������	�	���������	��	����~�����	hULOLTMROPxRK	Li	L	XRSROLWNokOoViR	MRTUSVWVXY	Z�OYSnVWsiiVS	LSK	�T[sRRa	bcd�f	LSK	TVSTRPQRK	Li	L	�mWLTlNmVp�a	[\{i	KVkmWRNRKXRK	iqVOK	TULOLTMRO	oOVQPKRi	TVroRWWPSX	ORLiVSi	sVO	L	ORXkWLMVOY	ORXPrRa	TVroORURSiPQRa	UVWPiMPT	LSK	rkWMPNWLYRORK	PS	SLMkORg	tVkMRK	Li	VSR	Vs	MUR	rViM	iMOLMRXPT	MRTUSVWVXPRi	Vs	MUR	bdiM	TRSMkOYa	L	qPKRNiTLWR	koMLlR	Vs	[\	RSTLoikWLMRi	MUR	oOVrPiR	MV	PSTORLiR	MUR	jkLWPMY	Vs	oOVKkTMi	LSK	iROQPTRia	OLPiR	Rs|TPRSTY	LSK	TORLMR	RTVSVrPT	XOVqMU	LrVkSMPSX	MV	�d��g�	mPWWPVS	Ps	SVM	MOPWWPVSi	LSSkLWWYa	oOVQPKRK	PMi	LKVoMPVS	PS	RNTVrrROTR	Li	oLOM	Vs	MUR	_kOVoRLS	�PXPMLW	�PSXWR	�LOlRM	�MOLMRXY	oOVQRi	ikTTRiiskW	qPMUPS	MUR	SRpM	sRq	YRLOi	Z�TVMM	��	��ga	bcdefg	 S	L	iVTPVNoVWPMPTLW	WRQRWa	PM	oOVrPiRi	MV	URWo	LKKORii	iVTPRMLW	TULWWRSXRi	PS	KVrLPSi	ikTU	Li	¡����¡	¢�£�	N	mY	KRMRTMPSX	TLSTRO	TRWWia	PS	�¤£¥¢¦��¦£�	N	mY	KRTORLiPSX	KRoWRMPVS	Vs	iVPWa	VO	PS	�£�§̈©ª£���¥ª§	N	mY	PSTORLiPSX	iLsRMY	LSK	oVMRSMPLWWY	ORKkTPSX	MUR	TLOmVS	sVVMoOPSM	ZtLRPULXUa	bcbdfg
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XYZ[\]Z[�̂Y_̀YYZ�[]a\bc�bZd�Ya]Z]e\a�d\eYZ[\]Z[�]f�gh�bi\[Y�̀jYZ�[]a\Y_bc�_ik[_�_]̀bid[�_jY�k[Y�]f�_jY�_YajZ]c]lm�̂]_j�̂m�ni\ob_Y�ba_]i[�bZd�a\o\c�[YiobZ_[�\Z�_jY�nk̂c\a�[Ya_]i�̀YbpYZ[q�Xj\[�\[�ni\ebi\cm�dkY�_]�\ccra]Z[\dYiYd�dYnc]meYZ_�]i�YoYZ�dYc\̂Yib_Y�b̂k[Y�]f�ghs�b[�bciYbdm�̀\_ZY[[Yd�\Z�d]eb\Z[�[kaj�b[�\Z�cb̀�YZf]iaYeYZ_�\Z�_jY�tu�a]Z_Yv_�]f�niYd\a_\Zl�_jY�c\pYc\j]]d�]f�iYa\d\o\[es�\Z�_jY�wj\ZY[Y�a]Z_Yv_�]f�k[\Zl�iYe]_Y�̂\]eY_i\a�\dYZ_\xab_\]Z�bZd�[]a\bc�aiYd\_�[m[_Ye[�]is�e]iY�nYi_\ZYZ_cm�f]i�_j\[�nbnYis�\Z�_jY�bcc]ab_\]Z�]f�̀YcfbiY�̂YZYx_[�\Z�_jY�yt�zwj\k[\�{|�}~qs������q�XjY[Y�bZd�]_jYi�ab[Y[�niY[YZ_�ajbccYZlY[�f]i�̀\dYr[abcY�[]a\Y_bc�bd]n_\]Z�]f�gh�bZd�abcc�f]i�iYlkcb_]im�eYb[kiY[�_]�iY[_ib\Z�̀jb_�jb[�̂YYZ�[]eY_\eY[�a]ZaY\oYd�\Z�[aj]cbicm�baa]kZ_[�b[�_jY�YeYil\Zl��d\l\_bc�cYo\b_jbZ��z�bZlf]ids������qX]�jbiZY[[�ghs�_jY�[]a\bc�bZd�cYlbc�d\[a]ki[Y�\Z�_jY�[_\cc�fibleYZ_Yd�[_kdm�]f�gh�l]oYiZbZaY�_jYiYf]iY�aYZ_iYd�ni\ebi\cm�]Z��kY[_\]Z[�]f�j]̀�_]�baj\YoY��iY[n]Z[\̂cY�gh�s�bZ�gh��Y_j\abc�m̂�dY[\lZ��bZd��Xik[_̀]i_jm�gh��z�bZ�dYZ��]oYZs�������XjY]d]i]k�bZd��\lZkes��������bekc�ps������q��\_j�YZl\ZYYi[�̂Y\Zl�]ZY�]f�_jY�pYm�[_bpYj]cdYi�li]kn[�\Z�_jY�dYoYc]neYZ_�]f�ghs�iY[Ybiaj�\Z\_\b_\oY[�[kaj�b[�������{�|����jboY�ŶYZ�Y[_b̂c\[jYd�̀\_j�_jY�b\e�]f�\Zo]co\Zl�gh�dYoYc]nYi[�\Z�\_Yib_\oY�a]rdY[\lZ�fibeỲ]ip[�bZd�YZlbl\Zl�_jYe�\Z�d\[ak[[\]Z[�̀\_j�b�d\oYi[Y�li]kn�]f�d]eb\Z�[nYa\xa�YvnYi_[�z�\abi\�{|�}~�s������q�Xj\[�j]c\[_\as�\Z_Yid\[a\nc\Zbims�a]rdY[\lZ�eY_j]d]c]lm�bdd[�bZ�\en]i_bZ_�YcYeYZ_�_]�a]ZaiY_\�b_\]Z�]f�_jY�iY�k\iYeYZ_[�f]i�Xik[_̀]i_jm�gh�]f�_jY�gh���y�s�\ZaiYb[Y[�b̀biYZY[[�]f�_jY�[]a\]r_YajZ\a\_m�]f�gh�bZd�_jk[�iYbfxie[�_jY�\en]i_bZaY�]f�b�fkZdbeYZ_bc�i\lj_[r̂b[Yd�bnni]baj�_]�gh�l]oYiZbZaY�̀\_j\Z�_jY�ytq�gdd\_\]Zbccms�dŶb_Y[�Yv\[_s�aYZ_iYd�bi]kZd�aiYb_\Zl�c\b̂\c\_m�bZd�baa]kZ_b̂\c\_m�fibeỲ]ip[�\Z�ab[Y[�]f�n]_YZ_\bccm�d\[ai\e\Zb_\Zl�]i��b̀Yd�gh�zŷYi[s������q�hZ�bZ�YoYi�e]iY�ZY_̀]ipYds�db_bxYd�[]a\Y_ms�[_ika_kiYd�̂m�hZf]ieb_\]Z�bZd�w]eekZ\ab_\]Z�XYajZ]c]l\Y[�s�_jY�jkebZ�blYZam�bZd�jYZaY�jkebZ�d\lZ\_ms�dYe]aibam�bZd�_jY�ikcY�]f�cb̀s�n\ccbi[�bZd�obckY[�]f�_jY�yki]nYbZ�\Z_Ylib_\]Z�ni]�Ya_�b[�[kajs�biY�fkZdbeYZ_bccm�nk_�_]�_jY�_Y[_�̂m�kn_bpY�]f�gh�zgh���y�s�����b���kiibms������q��q�tZdYi[_]]d�_]�̂Y�b��̂i]bd�bZd�kZa]Z[]c\db_Yd�d]eb\Z�z���]f�z\��ni]dka_[s�z\\��\Zfib[_ika_kiY�bZd�z\\\��ni]aY[[Y[�z���_jb_�\ZackdY[�_YcYa]eekZ\ab_\]Z[�bZd�\Zf]ieb_\]Z�_YajZ]c]l\Y[s�fi]e�zb��ibd\][�bZd�ẑ��_YcYnj]ZY�c\ZY[�_]�za��[b_Ycc\_Y[s�zd��a]enk_Yi[�bZd�zY��_jY�hZ_YiZY_��zhXts���� �q
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���������	��
����

��������	�����	�������	� ��� �!�" �#�$	 %&	'('$	)%	*'+,-%	.�)��/0��		12113445677889:;<;	=	>934456?@789@8;A	=	BBBCDEFGHCGIJ

KLM	NOPQRPST	ULVSSMWXM	VY	YZUL[	\MYPWVN]WX	O]NL	NLM	̂\M_]PZY	T]YUPZ\YM	PW	M̀M\X]WX	NMULWPSPX]MY	abV\YYPW[	cdcef[	]Y	NP	TM_]YM	V	NV]SP\MT[	̂\P̂P\N]PWVNM	\MXZSVNP\g	̀MULVW]Ỳ	OL]UL	PW	NLM	PWM	LVWT	̂\P_]TMY	V	TMX\MM	PR	SVN]NZTM	RP\	]WWP_VN]PW	]W	hi	VWT	PW	NLM	PNLM\	LVWT	VTT\MYYMY	̂]NRVSSY	VS\MVTg	TMNMUNMTj	iW	PNLM\	OP\TY[	NLM	kl	RVUMY	NLM	ULVSSMWXM	PR	MYNVmS]YL]WX	V	\MXZSVNP\g	R\V̀MOP\n	RP\	NLM	TMY]XW[	TM_MSP̂ M̀WN	VWT	V̂ Ŝ]UVN]PW	PR	hi	OL]UL	TPMY	WPN	oZWpZYN]qVmSg	YZmP\T]WVNM[	UPM\UM[	TMUM]_M[	̀ VW]̂ZSVNM[	UPWT]N]PW	P\	LM\T	LZ̀ VWYr	mZN	]WYNMVT	oVZX̀MWNY[	UP̀ ŜM̀MWNY	VWT	M̀ P̂OM\Y	LZ̀ VW	UPXW]N]_M[	YPU]VS	VWT	UZSNZ\VS	Yn]SSYr	ahi	sbkt[	cdeuVfjhY	UPWNMWTMT[	V	RZWTV̀MWNVS	\]XLNYQmVYMT	V̂ \̂PVUL	LMŜY	NP	Y]NZVNM	VWT	UPWNMvNZVS]wM	O]TMQYUVSM	V̂ Ŝ]UVN]PW	PR	hiQmVYMT	YPU]PQNMULW]UVS	YgYNM̀Y[	VS]XWMT	O]NL	̂\]WU]̂SMY	PR	̂\P̂P\N]PWVS]Ng	VWT	WMUMYY]Ngj	iN	̂\P_]TMY	VUUMYY	NP	\MT\MYY	VWT	VUUPZWNVm]S]Ng	̀MULVW]ỲY	]W	VT_M\YM	UVYMY	]W_PS_]WX	hi[	]W	̂V\N]UZSV\	NP	_ZSWM\VmSM	X\PẐY	]W	YPU]MNgj	hTT]N]PWVSSg[	R\P̀	NLM	_]MÔP]WN	PR	NLM	hi	TM_MSP̂M\[	NLM	RZWTV̀MWNVS	\]XLNY	R\V̀MOP\n	LMŜY	VWN]U]̂VNM	VWT	NLZY	VTT\MYY	̂PNMWN]VS	\]YnY	V\]Y]WX	R\P̀	TM̂SPg̀MWN	PR	hi	ax̀ZLV[	cdcef	VN	VW	MV\Sg	YNVXMj	KLM	yZMYN]PW	UPWUM\WY	LPO	OM	̀Vg	VUL]M_M	K\ZYNOP\NLg	hi	]W	NLM	UPWNMvN	PR	_V\]VmSM	MWTPXMWPZY	VWT	MvPXMWPZY	RVUNP\Y[	WPN	NP	̀MWN]PW	NLM	XSPmVS	UP̀ M̂N]N]PW	RP\	hi	TM_MSP̂ M̀WN[	M̂]NP̀]wMT	]W	WPN]PWY	YZUL	VY	ohi	\VUMr	mMNOMMW	NLM	lx[	zL]WV	VWT	NLM	kl[	VWT	X\PO]WX	UVSSY	RP\	oT]X]NVS	YP_M\M]XWNgr	a{PLSM	VWT	KL]MS[	cdcdfj|}~�������	������}��	}�	��	���������	��	�~	���}~}�}��	�������	����~}�}��	��������	�~	�}������	����������hi	UVW	mM	T]_]TMT	]WNP	T]RRM\MWN	̀MNLPTY	VWT	YZmQT]YU]̂S]WMY	atVYYM\	VWT	hS̀M]TV[	cde�f[	NLM	̀PYN	̂\P̀ ]Y]WX	PR	OL]UL	]Y	UP̀ \̂]YMT	PR	̀VUL]WM	SMV\W]WX	a�bf	mVYMT	V̂ Ŝ]UVN]PWY	MjX�	]W	NLM	V\MVY	PR	WVNZ\VS	SVWXZVXM	̂\PUMYY]WX[	]̀VXM	\MUPXW]N]PW	P\	\PmPN]UYj	hRNM\	]WUM̂N]PW	PR	hi	VY	V	\MYMV\UL	T]YU]̂S]WM	V̀]T	NLM	�V\ǸPZNL	�P\nYLP̂	]W	NLM	YZ̀ M̀\	eu���[	NLM	UZ\\MWN	̂PS]N]UVS	VWT	MUPWP̀ ]U	�j	KLM	�V\ǸPZNL	xZ̀ M̀\	�MYMV\UL	{\PpMUN	NPPn	̂SVUM	]W	NLM	YZ̀ M̀\	PR	eu��	VN	NLM	̂\]_VNM	ZW]_M\Y]Ng	�V\ǸPZNL	zPSSMXM	asVWP_M\[	�MO	sV̀ ŶL]\Mfj	iN	\VW	RP\	\PZXLSg	M]XLN	OMMnY	VWT	OVY	P\XVW]YMT	mg	�PLW	�UzV\NLg	azP̀ ẐNM\	Mv̂M\Nf[	�V\_]W	�]WYng	aYU]MWN]YNf[	�VNLVW]MS	�PULMYNM\	aUL]MR	V\UL]NMUN	PR	NLM	i��f	VWT	zSVZTM	xLVWWPW	àVNLM̀VN]U]VW[	MSMUN\]UVS	MWX]WMM\	VWT	U\ĝNPX\V̂L]YNfj		KL]Y	M_MWN	]Y	O]TMSg	UPWY]TM\MT	NP	mM	NLM	RPZWT]WX	M_MWN	PR	V\N]R]U]VS	]WNMSS]XMWUM	VY	V	R]MSTj
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KLMNOMLPQRSRT	PMTUQSVWXK	PRY	SVK	PK	ZLV	KVSMM	RPQQU[\	]̂V	TQPŶPMMZ	YL_LMÙSRT	SRVLMMSTLRaLb	cUQL	]QUPYMZ\	de	SK	̂RSf̂L	SR	aUX̀ PQSKUR	VU	VQPYSVSURPM	KUaSUOVLaWRSaPM	KZKVLXK	U[SRT	VU	SVK	gP̂VURUXÛK\	PYP̀VS_L\	PRY	SRVLQPaVS_Lh	NLPV̂QLK	ijPR	YL	kULM\	lmlmn	oQUSVSpU\	lmlqr\	[SVW	VWL	YLKSTR	aWPRTSRT	aURVSR̂ÛKMZ	VWÛTW	SRVLQPaVSUR	PRY	LRTPTLXLRV	[SVW	VWL	LR_SQURXLRV	PaQUKK	VSXL	PRY	K̀PaLb	oWL	RLŝK	]LV[LLR	dehK	RPV̂QL	PRY	YL̀MUZXLRV	SR	QLPMO[UQMY	aURVLsVK	VŴK	RLaLKKSVPVLK	PYYSVSURPM	QLtLaVSUR	UR	VWL	SX̀ PaV	UN	VWSK	RU_LM	VZ̀L	UN	KUaSUOVLaWRSaPM	KZKVLX	UR	VWL	ŴXPR	LR_SQURXLRV\	PRY	SVK	SRVLQPaVSURK	[SVW	ŴXPR	]LSRTK	SR	P̀QVSâMPQb	uQPXSRT	de	PK	PR	P̂VURUXÛK	KUaSUOVLaWRSaPM	KZKVLX	LX]LYYLY	SR	P	KUaSUOMLTPM\	LaURUXSa	LR_SQURXLRV	VŴK	WLM̀K	LKVP]MSKW	VWL	MSRv	]LV[LLR	de	YLKSTR	PRY	VWL	SX̀ PaV	UN	YLKSTR	aWUSaLK	NUQ	de	YL_LMÙXLRV	UR	ŴXPROaUX̀ V̂LQ	SRVLQPaVSURb	eV	SRaQLPKLK	VWL	QUML	UN	aSVSwLRK	LX̀ U[LQSRT	YLKSTR	P̀ Q̀UPaWLK\	[WSaW	aPR	LsVLRY	VU	ŴXPR	RLLYK	NQUX	P	ŴXPROaLRVQSa	̀LQK̀LaVS_L	SR	VWL	aURVLsV	UN	de	SRRU_PVSURb	oWSK	SK	L_LR	XUQL	QLML_PRV	SN	URL	aURKSYLQK\	VWPV	SRRU_PVSUR	SR	de	WPK	]LLR	Q̀SXPQSMZ	VPvSRT	̀MPaL	SR	̀QS_PVL\	aUXXLQaSPMMZ	 YQS_LR	 QLKLPQaW	aM̂KVLQK\	PRY	VWL	QPVSURPML	UN	VWLKL	[PK	VSMVLY	QPVWLQ	SR	NP_ÛQ	UN	aURK̂XLQK	VWPR	aSVSwLR	LX̀ U[LQXLRV\	[SVW	P	vLZ	SX̀ PaV	UR	de	YLKSTR	PRY	_PM̂L	aWUSaLK	VWLQLSR	ixX]QLMMU\	lmllrb	yLRaL\	VU	aURaQLVSwL	VWL	de	yz{|	oQ̂KV[UQVWZ	de	NQPXL[UQv	PRY	VŴK	ML_LQPTL	VWL	̀UVLRVSPM	UN	dehK	P̂VURUXÛK	NLPV̂QLK\	LRTSRLLQK	SR	̀PQVSâMPQ	PQL	aPMMLY	UR	VU	NPXSMSPQSwL	VWLXKLM_LK	[SVW	PRY	P̀ M̀Z	KZKVLXK	VWSRvSRT	P̀ Q̀UPaWLK	VU	de	YLKSTR\	[WSaW	PQL	]PKLY	UR	N̂RYPXLRVPM	QSTWVKO]PKLY	QPVSURPMLKb	oU	VWSK	LRY\	LbTb	xX]QLMMU	ilmllr	K̂TTLKVK	̂VSMSwSRT	VWL	jPM̂L	}LRKSVS_L	~LKSTR	ij}~r	P̀ Q̀UPaW\	P	NQPXL[UQv	̀QU_SYSRT	P	QSaW	VUUMvSV	UR	VWL	KV̂YZ	UN	aUX̀ V̂LQOŴXPR	SRVLQPaVSUR\	PRY	[WLR	PYP̀VLY	VU	VWL	K̀LaS�aSVSLK	UN	de\	VU	de	TU_LQRPRaL	SR	P̀QVSâMPQ	ixX]QLMMU	PRY	_PR	YL	kULM\	lmlqrb	dK	P	QLtLaVS_L\	SRVLQYSKaS̀MSRPQZ	aQUKKOâMV̂QPM	K̀LaS�a	XLVWUY\	SV	aPR	LMSaSV	PRY	NUKVLQ	P[PQLRLKK	UN	VWL	SX̀ UQVPRaL	UN	YLKSTR	aWUSaLK	SR	de	SRRU_PVSUR\	PRY	UN	VWL	MURTOVLQX	SX̀ PaV	UN	LX]LYYSRT	aURVLsVOK̀LaS�a	_PM̂LK	SR	de	UR	aSVSwLRK\	LRYÔKLQK	PRY	UVWLQ	KVPvLWUMYLQK	SR	LXLQTSRT	de	YSTSVPM	LaUKZKVLXKb	oWSK	SK	UN	QLML_PRaL\	KSRaL	j}~	aPR	aUX̀ MLXLRV	VWL	[UQv	UN	VWL	de	yz{|	]Z	XLPRK	UN	VQPRKMPVSRT	VWL	oQ̂KV[UQVWZ	de	aQSVLQSP	VWQÛTW	de	YLKSTR	SRVU	K̀LaS�a	RUQXK\	PRY	XPZ	VWLQLNUQL	WLM̀	̀QUXUVL	P	N̂RYPXLRVPM	QSTWVKO]PKLY	KZKVLX	VWSRvSRT	NUQ	de	TU_LQRPRaLb	oWL	KLaURY	YSN�âMVZ	SK	]LKV	YLKaQS]LY	]Z	VWL	KUOaPMMLY	�de	LNNLaV�\	P	̀PQPYUs	R̂YLQMZSRT	YL̀MUZXLRV	UN	PMM	de	]PKLY	VLaWRUMUTSLK�	dK	KUUR	PK	de	WPK	]LLR	PYÙVLY	]Z	VWL	]QUPYLQ	̀ ]̂MSa\	SV	MUKLK	VWL	aWPQPaVLQ	UN	de	PRY	]LaUXLK	P	aUR_LRVSURPM	
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YZ[\]̂_̂̀a�bcd̂eYef̂g�hihjkl�m̂nZoZdg�pZq]e]̀�rs�tuvZp�̂]�Y\Z�vZoZdeYa�u]p�v[u_Z�ŵ�ZwwZ[Yv�̂w�eYv�pZx_̂ayZ]Y�̂]�\zyu]{tZe]̀v�u]p�Y\Z�Z]oed̂]yZ]Y�e]�̀Z]Zdu_g�uv�vYexz_uYZp�e]�Y\Z�rsr�e]�Y\Z�ŵdy�̂w�Y\Z�ŵzd{peyZ]vê]u_�dev|{tuvZp�uxxd̂u[\g�\Z_xv�zv�uppdZvv�Y\ev�[\u__Z]̀Z�]̂Y�̂]_a�̂]�Y\Z�vZyu]Ye[�_ZoZ_�tzY�[̂][Zeout_a�̂]�Y\Z�_ZoZ_�̂w�Y\Z�dz_Z�̂w�_un�u]p�wz]puyZ]Yu_�dè\Yv�b}~��̂yyevvê]g�hihj[kl��̂d�Z�uyx_Zg�u]�rs�vavYZy��n\e[\�pZx_̂av�vzt_eye]u_�YZ[\]e�zZv�tZâ]p�u�xZdv̂]�v�[̂]v[êzv]Zvv�Ŷ�yuYZdeu__a�pevŶdY�u�xZdv̂]�v�tZ\uoêzd��b}~��̂yyevvê]g�hihj[k�[̂z_p�]ZoZd�tZ�YdZuYZp�uv�u�[̂]oZ]Yê]u_�YZ[\]̂_̂̀a�e]�u]p�ta�u�pZŷ[duYe[�v̂[eZYal�cZ]vê]v�[̂z_p�udevZ�pzde]̀�uxx_e[uYê]�̂w��dZu_{YeyZ�dZŷYZ�têyZYde[�epZ]Yeq[uYê]�vavYZyv�e]�xzt_e[_a�u[[Zvvet_Z�vxu[Zv�ŵd�Y\Z�xzdx̂vZ�̂w�_un�Z]ŵd[ZyZ]Y��beteplkg�neY\�Z�[ZxYê]v�Ŷ�eYv�uxx_e[uYê]�wu[e]̀�vztvYu]Yeu_�[deYe[evy�ta�Y\Z�}zd̂xZu]��ud_euyZ]Yg�e][_zpe]̀�oudêzv�}zd̂xZu]����vl�ZoZdY\Z_Zvvg�xd̂oepZp�Y\uY�Y\Z�vuyZ�uxx_e[uYê]v�udZ�dZvYde[YZp�ta�Y\Z�wz]puyZ]Yu_�dè\Yv�_un�xde][ex_Zv�̂w�]Z[ZvveYa�u]p�xd̂x̂dYê]u_eYag�eyx_eZv�Y\uY�ZoZ]�Y\ZvZ�ne__�]̂Y�tZ�uxxd̂oZp�neY\̂zY�u]a�[deYe[u_�dZ�Z[Yê]v�ta�u�pZŷ[duYe[�v̂[eZYa�e]ŵdyZp�ta�u]�e]pZxZ]pZ]Y�xdZvv�u]p�Y\zv�unudZ�̂w�Y\Z�x̂YZ]Yeu_�pu]̀Zdv�rs�x̂vZv�Ŷ�eYv�̂n]�pè]eYal��d̂t_Zyv�yè\Y�udevZ�e]�}~�[̂z]YdeZv�n\ZdZ�Y\Z�dz_Z�̂w�_ung�u]p�e]pZxZ]pZ][Z�̂w�Y\Z�xdZvv�u]p��zpe[euda�ev�̀dupzu__a�tZe]̀�vztoZdYZpl�c\ev�yè\Y�[̂yx_e[uYZ��zpe[eu_�dZoeZn�xd̂[ZpzdZv�Ŷ�[̂]YZvY�e]peoepzu_�uxx_e[uYê]v�̂w�rs�e]�upye]evYduYeoZ�[̂zdYv�Zl̀l�ta�_un�Z]ŵd[ZyZ]Y�n\e[\�yè\Y�e]�Yzd]�\uoZ�u�]Z̀uYeoZ�ZwwZ[Y�̂]�YdzvYn̂dY\e]Zvv�̂w�Y\Z�pèeYu_�YZ[\]̂_̂̀alrppeYê]u__ag�wzdY\Zd�unudZ]Zvv�dZ̀udpe]̀�zvZ�̂w�têyZYde[v�ev�dZ�zedZp�e]�eYv�pZx_̂ayZ]Y�ùue]vY�[eYe�Z]v�wd̂y��Y\edp�[̂z]YdeZv�g�Zl̀l�e]�Y\Z�[̂]YZ�Y�̂w�t̂dpZd�xd̂YZ[Yê]l�c\Z�qZ_p�̂w�têyZYde[v�ne__�Y\ZdZŵdZ�dZyue]�[̂]YZvYZp�u]p�xd̂oepZ�wZdYe_Z�̀d̂z]p�ŵd�pZtuYZv�uv�Ŷ�n\ZY\Zd�uxx_e[uYê]v�wd̂y�Y\Z][Z�v\̂z_p�tZ�Ydu]vwZddZp�n\̂__a�̂d�xudYeu__a�Ŷ�Y\Z���d̂\eteYZp�rs��du[Ye[Zv��[deYZdeu�b}~��̂yyevvê]g�hihj[kl�rppeYê]u_�̀dZa�udZuv�vZY�Y\Z�tuvev�ŵd�YZ]vê]v�tZYnZZ]�\zyu]�dè\Yv�xde][ex_Zv�u]p�vuwZ̀zudpe]̀�xzt_e[�vZ[zdeYa�YZyx̂dude_a�e]wde]̀e]̀�Y\̂vZ�dè\Yv�[̂z_p�tZ�yZ]Yê]Zpg�tzY�n\uY�eY�t̂e_v�p̂n]�Ŷ�ev�Y\uY�uv�_̂]̀�[eoe_�v̂[eZYa�̂d�_Z̀u_�Z]YeYeZvg�udZ�e]ŵdyZp�ut̂zY�rs�v�xeYwu__v�u]p�Zyx̂nZdZp�Ŷ�[\u__Z]̀Z�Y\Zy�Y\d̂z̀\��zpe[eu_�dZoeZn�xd̂[ZpzdZvg�upoZdvZ�eyxu[Yv�̂w�rs�n̂z_p�[̂]Ye]ẑzv_a�tZ��zZvYê]Zp�ta�v̂[eZYa�dZ]pZde]̀�Y\Z��rs�ZwwZ[Y��u�xZdYe]Z]Y�[deYZdeu�zx̂]�n\e[\�rs�pZx_̂ayZ]Y�[̂z_p�tZ�uvvZvvZpl��̂]vZ�zZ]Y_ag�dZyue]e]̀�z]pZd�xzt_e[�v[dzYe]a�ŵd�Y\Z�Z]YedZ�_ewZ�[a[_Z�̂w�rsg�Y\Z�xudup̂��xdZvZ]Yv�u�Y\dZv\̂_p�[deYZdê]�n\e[\�Y\Z�pZŷ[duYe[�[\udu[YZd�̂w�v̂[eZYa�[u]�tZ�uvvZvvZp�ùue]vYls]�ZvvZ][Zg�ve][Z�rs�[u]�tZ�[̂]vYdzZp�uv�u]�uzŶ]̂ŷ zv�pèeYu_�YZ[\]̂_̂̀e[u_�udYZwu[Y�ZytZppZp�e]�u�v̂[ê{_Z̀u_g�Z[̂]̂ye[�Z]oed̂]yZ]Yg�dZ̀z_uYe]̀�rs�dZv̂_oZv�ud̂z]p�Y\Z�[Z]Ydu_��zZvYê]v�̂w��ta������u]p��������������������rs�vavYZyv��ne__�tZ�pZvè]Zp�u]p�dZ_uYZp�Ŷ�Y\uY���������Y\Za�udZ�̂n]Zp�u]p�pZx_̂aZp�u]p�������������������Y\Za�ne__�tZ�uxx_eZp��br]Ŷ]̂o�u]p� Zde|y¡Zg�hihikl



���������	��
����

��������	�����	�������	� ��� �!�" �#�$	 %&	'('$	)%	*'+,-%	.�)��/0��		12113445677889:;<;	=	>934456?@789@8;A	=	BBBCDEFGHCGIJ

KLMMNOPQ	RST	UNVW	QVXMNPYPZM	LV	RS	QVXMNPYPZM[\]	̂_̀a_̂	_b	cd_e]f̂ĝh]i	gjjka]l	̀_	egfa_ml	n_ogâl	ĝn	p]knlq	rf_gnks	n]̂_̀âd	tgu	h_ojk]v	̀sj]tlu	_b	l̀]]fâd	ĝn	h_woĝgd]o]̂ 	̀rs	jmrkah	ĝn	jfaeg̀]	gh̀_fl	_e]f	l_hagkq	j_kàahgk	ĝnx_f	]h_̂_oah	jf_h]ll]lq	]à\]f	_̂	ĝ	ầ]f̂g̀a_̂gkq	̂g̀a_̂gk	_f	lmrŵg̀a_̂gk	k]e]ky	z]̂]fgkks	lj]g{âdq	̀\]	bfgo]|_f{	_b	d_e]f̂ĝh]	ogs	̀\]f]b_f]	r]	n]haj\]f]n	gl	g	l_hagk	_fn]fâd	]v]fhal]q	|à\	\̀]	b_kk_|âd	]k]o]̂ l̀	bgh̀_f]n	ầ_	̀\]	n]p̂àa_̂}	tau	omk̀ajkahàs	_b	gh̀_fl	w	âl̀àm̀a_̂lq	l̀g̀]lq	ầ]f̂g̀a_̂gk	ĝn	̂_̂wd_e]f̂o]̂ g̀k	_fdĝa~g̀a_̂lq	taau	egfa]̀s	_b	o]h\ĝalol	ĝn	taaau	l̀fmh̀mf]lq	taeu	n]df]]l	_b	âl̀àm̀a_̂gka~g̀a_̂	ĝn	teu	nal̀farm̀a_̂	_b	gm̀\_fàs	t�g̀~]̂rgh\	ĝn	�krfah\̀q	����uy�\ak]	l_o]	j_kàahgk	lha]̂ àl̀l	\ge]	�m]l̀a_̂]n	̀\]	ĝgks̀ahgk	n]j̀\	_b	\̀]	bfgo]|_f{q	_|âd	̀_	àl	|an]	lh_j]	ĝn	gjjkahgrakàs	t�_\k]fw�_h\	ĝn	�à̀r]fd]fq	����uq	â	̀\]	mj̀g{]	_b	nalfmj̀ae]	̀]h\̂_k_da]l	ĝn	̀\]	hgkk	b_f	g	\_kal̀ah	m̂n]fl̀ĝnâd	_b	���l	l_ha]̀gk	fgoaphg̀a_̂l	t�mffgsq	����uq	̀\]	d_e]f̂ĝh]	bfgo]|_f{	pfl̀	_b	gkk	jf_ean]l	dmanĝh]	gl	g	̀__kr_v	b_f	]vjk_fâd	ĝn	j_̀]̂ àgkks	gnnf]llâd	̀\]	h_ojk]vàs	gf_m̂n	��q	̀\]	nae]flàs	_b	gh̀_fl	ĝn	jf_h]ll]l	gf_m̂n	̀\]	̀]h\̂_k_dahgk	âbfgl̀fmh̀mf]q	ĝn	â	̀mf̂	o_ngkàa]l	ĝn	h_̂pdmfg̀a_̂l	â	̀\]	ầ]fwf]kg̀a_̂l\aj	r]̀|]]̂	_mf	]val̀âd	m̂n]fl̀ĝnâd	_b	̀\]	bfgo]|_f{	_b	d_e]f̂ĝh]	ĝn	��q	̀\ml	̀\]	̂]h]llgfs	o]glmf]lq	|\]̀\]f	\̀]s	gf]	j_kaha]lq	k]dalkg̀a_̂q	f]dmkg̀a_̂lq	âhkmnâd	gk̀]f̂g̀ae]	o_ngkàa]l	_b	f]dmkg̀a_̂	t�]lladq	����u	w	lmh\	gl	]̀\ahl	dman]kâ]l	t�gfll_̂q	����uq	l̀ĝngfnlq	h_n]l	_b	h_̂nmh̀	wq	_f	gn�mnahg̀a_̂q	̀\f_md\	|\ah\	l_hagkq	j_kàahgk	ĝn	]h_̂_oah	bfah̀a_̂l	hgml]n	rs	̀\]	mj̀g{]	_b	��	ogs	r]	g̀̀]̂mg̀]n	ĝn	\]̂h]	jmrkah	ĝn	jfaeg̀]	ầ]f]l̀l	jf_j_f̀a_̂g̀]ks	rgkĝh]n	_m̀y�̂	]ll]̂h]q	̀\]	h_̂h]j̀	_fadâg̀]n	g̀	̀\]	]̂n	_b	̀\]	����lq	|\]̂	jfaeg̀]	gh̀_fl	]̂ ]̀f]n	̀\]	p]kn	_b	jmrkah	d_e]f̂ĝh]	nfae]̂	rs	̀\]	o_̀ae]l	_b	h_l̀wf]nmh̀a_̂	ĝn	]bpha]̂hsq	gf]gl	ĝn	n_ogâl	_e]f	|\ah\	̀\]	�̀g̀]	̀fgnàa_̂gkks	gllmo]n	j_kàahgk	gm̀\_fàsq	]e]̂ m̀gkks	k]gnâd	̀_	|\g̀	�\_n]l	t����}	���u	n]lhfar]n	gl	g	�bfgdo]̂ g̀̀a_̂	_b	j_kàahgk	gm̀\_fàs�y�	�̂ 	̀\]	ầ]f̂g̀a_̂gk	ĝn	]v̀]f̂gk	nao]̂la_̂	_b	̀\]	d_e]f̂ĝh]	bfgo]|_f{q	goan	̀\]	]̂n	_b	̀\]	�_kn	�gf	ĝn	ljmff]n	_̂	rs	̀\]	jf_h]ll	_b	dk_rgka~g̀a_̂q	l̀g̀]wh]̂ f̀ah	̀\â{âd	\gn	dfgnmgkks	r]]̂	f]jkgh]n	rs	̂]|	̀sj]l	_b	d_e]f̂ĝh]	hmkoâg̀âd	â	̀\]	h_̂l]̂lml	n]p̂àa_̂	rs	̀\]	�_ooalla_̂	_̂	zk_rgk	z_e]f̂ĝh]	t����}	�u}	cz_e]f̂ĝh]	al	̀\]	lmo	_b	̀\]	oĝs	|gsl	ânaeanmgkl	ĝn	âl̀àm̀a_̂lq	jmrkah	ĝn	jfaeg̀]q	oĝgd]	̀\]af	h_oo_̂	gbbgafliy�y	�]]	gkl_}	�gkhgfg	��	��q	����}	�y
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YZ[\�]̂_̀[a[b̀�cdaef�gcdahî\�aẐ�gZc̀j[̀j�gZcicgâi�bk�aẐ�lacâm�nẐî�ckâi�jic]hceef�ô[̀j�\Zcd̂]�of�̂̀]bĵ̀ bh\�c̀]�̂pbĵ̀ bh\�kcgabi\m�qjbr̂ì[̀js�\Z[kâ]�ab�qjbr̂ìc̀ĝst�YẐ�ub\a�gihg[ce�c\d̂ga�ab�ô�̀cû]�kbi�obaZ�][û \̀[b̀\�[\�aẐ�hdacv̂�bk�wxY\�c̀]�aẐ�\ho\̂yĥ à�dibĝ\\�bk�][j[ace[zca[b̀{t�YẐ�dẐ b̀û b̀̀�bk�kicjû àca[b̀�aẐîkbî�cdde[̂\�̂yhceef�abm�[\�îdî\̂̀ â]�[̀�c̀]�of�aẐ�ghiî̀a�gb̀âpa�bk�âgZ̀bebj[gce�][\ihda[b̀m�ab�nZ[gZ�eciĵ�][j[ace�decakbiu\m�[̀�dcia[gheci�|}~}���|bbjêm�}uczb̀m�~cĝobbvm�}ddê�c̀]��[gib\bka��gb̀ai[ohâ]t}\�\hgZm�[udcga[̀j�cee�][û \̀[b̀\�bk�\bg[̂afm�][j[ace[zca[b̀�Zc\�khiaẐi�̂ib]̂]�aic][a[b̀ce�h̀]̂i\ac̀][̀j�bk�kh̀ga[b̀[̀j�bk�aẐ�lacât�YẐ�gb̀a[̀h[̀j�dibĝ\\�bk�kicjû àca[b̀�gZcicgâi[ẑ]�of�[̀gîc\[̀j�âgZ̀bebj[gce�gbudêp[af�ôci\�rcif[̀j�[udcga\�b̀�dbe[gfucv[̀j��b̀�[a\�]̂\[j̀m�b̀�\̂êga[b̀�c̀]�dcia[g[dca[b̀�bk�̀̂n�cgabi\m�b̀�aẐ�dbe[gf�jbce\�c̀]�Ẑ g̀̂�ûaZb]\�of�nZ[gZ�aẐ\̂�cî�\̂a�bha�kbi�ô[̀j�caac[̀̂]t�̂n�jbr̂ìc̀ĝ�kicûnbiv\�\hgZ�c\���������������|ci\b̀m������m�����������������������̂aâuc̀ m̀������m����������������������������b̀�lbeu\�c̀]�rb̀�lbeu\m�������c̀]��������������������������caẑ̀ ocgZ�c̀]��eoi[gZam�������Zcr̂�̂ûiĵ]t��̂\\[j \��������dî\g[̂̀a�bo\̂irca[b̀�ca�aẐ�ôj[̀̀ [̀j�bk�aẐ�hdacv̂�bk�wxY�]hi[̀j�aẐ�ecâ��� \�aZca�qgb]̂�¡nc\¢�ecns�c̀]�aZca�aẐ�cigZ[âgahî�bk�gfôi\dcĝ�][\decf̂]�h̀[yĥ�k̂cahî\�]̂uc̀][̀j�c�îr[\[b̀�bk�aic][a[b̀ce�jbr̂ìc̀ĝ�kicûnbiv\�dibr[]̂\�c�n̂ee£jibh̀]̂]�dîghi\bi�ab�aẐ�h̀]̂i\ac̀][̀j�bk�ghiî̀a�\bg[̂aceef�][\ihda[r̂�dẐ b̀û c̀�\hgZ�c\�gbuûig[ceef�]i[r̂̀ �\bg[ce�dib_e[̀j�c̀]�̀h]j[̀j�bi�aẐ�dibe[k̂ica[b̀�bk�Zcâ�\d̂ ĝZ�c̀]�aẐ�][\\̂u[̀ca[b̀�bk�][\[̀kbiuca[b̀m�dibd̂eê]�of�c̀]�̂̀\h[̀j�kibu�[̀̀ brca[b̀�[̀�wxY\�r[c�gfôi\dcĝt¤\\̂̀a[ceefm�aẐ�rc\a�̂gb̀bu[g�dbn̂i�][j[ace�decakbiu\�̂p̂ia�br̂i�\bg[̂af��¥hobkkm�����¦��̂u[az�c̀]�§k̂kk̂im�������c̀]�aẐ�]cac_gca[b̀�î\hea[̀j�aẐîkibu���hiicfm�������Zcr̂�gceê]�kbi�c�îr[\[b̀�bk�aic][a[b̀ce�jbr̂ìc̀ĝ�kicûnbiv\t�ẁ�dcia[ghecim�aẐ�jibn[̀j�v̀bnê]ĵ�c\fuûaif�ôan̂^̀�dibjicuûi\�c̀]�dbe[gfucv̂i\�dî\̂̀ a�îc\b̀\�kbi�îaZ[̀v[̀j�jbr̂ìc̀ĝ���̂\\[jm�����¦��c̀�]̂ �̀b̈r̂̀ m����{¦�©h[ầm������t�ª̂i[r̂]�kibu�aẐ�ẁâì â�jbr̂ìc̀ĝ�][\gbhi\̂���̂aâuc̀ m̀�������«��m�aẐ�̀ba[b̀�bk�quhea[\acv̂Zbe]̂i[\us�Zc\�jc[̀̂]�aicga[b̀m�gcee[̀j�kbi�c�oibc]£oc\̂]�dcia[g[dca[b̀�bk�̂pd̂ia\�n[aZ�âgZ̀[gcem�êjcem�\bg[ce�c̀]�ĝb̀bu[g�̂pd̂ia[\̂�[̀�dbe[gf�c̀]�ecn£ucv[̀j�dibĝ\\̂\t{t�ª[j[ace[zca[b̀�[\�h̀]̂i\abb]�Ẑî�ab�ô�obaZ�c�âgZ̀[gce�c̀]�\bg[ce�dibĝ\\�bk�aic̀\eca[̀j�c̀cebj�]cac�c̀]�[̀kbiuca[b̀m�aic][a[b̀ceef�\abî]�[̀�aẐ�kbiu�bk�âpa\�[̀ab�ucgZ[̀̂£îc]coê�kbiuca�of�ûc̀\�bk�c�o[̀cif�gb]̂��}ean[gv̂im������t



���������	��
����

��������	�����	�������	� ��� �!�" �#�$	 %&	'('$	)%	*'+,-%	.�)��/0��		12113445677889:;<;	=	>934456?@789@8;A	=	BBBCDEFGHCGIJ

KL	MNOPQ	RS	QPNTU	QPV	WVXVMRYZVLQ	RS	[K	\]L	̂V	Q_V]QVW	]T	]	\RLQNL̀]QNRL	RS	NLLRX]QNRL	NL	KabT	R_	WNONQ]M	QV\PLRMRONVT	NL	OVLV_]Mc	KL	TNZYMNdVW	QV_ZTU	_VMeNLO	RL	Y_VTVLQ	NLS_]TQ_̀\Q̀_V	\]Y]̂NMNQNVTU	QPV	QV\PLN\]MU	MRON\]M	]LW	TR\N]M	M]eV_	RS	\êV_TY]\V	fg\PZNQQU	hi�jkU	lNQP	QPV	̀YQ]mV	RS	[KU	WNONQ]MNn]QNRL	\̀MZNL]QVT	NL	\ROLNd\]QNRL	RS	TR\N]M	Y_R\VTTVT	foVMMeU	hi�pkU	QPV	Y_VTVLQ]QNRL	RS	TQNMM	L]__RlMe	WVdLVW	P̀Z]L	NLQVMMNOVL\Vc	bPV	Y_R̂MVZ	RS	qrsturv	RXV_	QPVTV	Y_R\VTTVT	\R̀YMVW	lNQP	QPV	TYVVW	RS	MNOPQ	RS	VMV\Q_RLN\	TNOL]MT	Q_]XVMMNLO	]MRLO	d̂_V	RYQN\	\]̂MVT	NT	\RZYR̀LWVW	̂e	QPV	NLPV_VLQ	]LW	ZRTQ	\P]_]\QV_NTQN\	SV]Q̀_V	RS	[KU	NQT	]̀QRLRZeU	O_R̀LWVW	NL	wxŷ]TVW	NLẀ\QNXV	MV]_LNLO	ZV\P]LNTZTU	]LW	QP̀T	NQT	ẑM]\mŷR{|	\P]_]\QV_U	lPN\P	NL	Q̀_L	WNT_̀YQT	Q_]WNQNRL]M	̀LWV_TQ]LWNLO	RS	Q_]LTY]_VL\eU	S]N_LVTTU	MVO]MNQe	]LW	]\\R̀LQ]̂NMNQec	[L	]WWNQNRL]M	S]\QR_	\RZYMN\]QNLO	QPV	ORXV_L]L\V	RS	[K	NT	QPV	Z̀ MQNYMN\NQe	RS	]\QR_T	NLXRMXVW	NL	NQT	WVTNOLU	̀YQ]mVU	Z]NLQVL]L\V	]LW	]̀WNQNLOc	}NL]MMeU	QPV	TYVVW	RS	NLLRX]QNRL	NL	[K	VXVL	MV]WT	TRZV	_VTV]_\PV_T	QR	\RLQVLW	QP]Q	[K	ZNT]MNOLVW	lNQP	R̀_	X]M̀V	TeTQVZ	ZNOPQ	YRQVLQN]MMe	YRTV	]L	V{NTQVLQN]M	QP_V]Q	QR	P̀Z]LNQe	NQTVMS	f~RTQ_RZU	hi���	�]SRVU	hi��kcaRLTV�̀VLQMeU	NL	]WWNQNRL	QR	QPV	LRLyV{P]̀TQNXV	MNTQ	RS	ORXV_L]L\V	S_]ZVlR_mT	]̂RXVU	]	LVl	ORXV_L]L\V	WRZ]NL	\]L	̂V	WNT\V_LVW	S_RZ	QPV	\̀__VLQ	WNT\R̀_TV	NL	NLQV_WNT\NYMNL]_e	QV\PLRMROe	ORXV_L]L\V	MNQV_]Q̀_V�	��	�r��us�sq�c	�PNMV	WeL]ZN\U	eVQ	S_]OZVLQVW	]LW	̀L\RLTRMNW]QVW	f~̀Q\PV_	]LW	~V_NWnVU	hi���	b]VNP]OPU	hih�k	NL	\P]_]\QV_U	T\PRM]_T	]LW	YRMN\eZ]mV_T	]MNmV	P]XV	Y_RYRTVW	WNXV_TV	]YY_R]\PVT	SR_	TQVV_NLO	[Kc	~VNLO	NL	ZRTQ	_VTYV\QT	PRMNTQN\	NL	T\RYVU	QPV	WNT\R̀_TV	RL	[K	ORXV_L]L\V	Y_NZ]_NMe	O_]XNQ]QVT	]_R̀LW	QPV	�̀VTQNRL	RS	]LQN\NY]QNLO	]LW	WV\_V]TNLO	S̀Q̀_V	_NTmT	NL	QPV	TPR_QyQV_Z	]LW	MRLOyQV_Z	QP_R̀OP	VQPN\T	ÒNWVMNLVTU	NLTQNQ̀QNRL]M	̂̀ NMWNLO	Y_R\VTTVT	]LW	\RWNd\]QNRL	RS	VQPN\]M	ÒNWVMNLVT	NLQR	P]_Wy\RWVW	LR_ZT	fx]_TTRLU	hih�kc[T	RLV	RS	QPV	d_TQ	_VTV]_\PV_T	QR	TVQ	R̀Q	]	S_]ZVlR_m	RL	[K	ORXV_L]L\VU	�]TTV_	]LW	[MZVNW]	fhi�jk	]LW	�]SRV	fhi��k	TR̀OPQ	QR	\RL\_VQNnV	_V�V\QNRLT	\RL\V_LNLO	[K�T	TR\NVQ]M	_]ZNd\]QNRLT	]LW	RYYR_Q̀LNQNVT	]_R̀LW	QPV	WNZVLTNRLT	RS	QPV	fNk	�rq��v	�s�	v���v	v���uU	fNNk	�t��q�v	v���u	]LW	fNNNk	��q�s�q�v	v���uU	]LWU	_VTYV\QNXVMeU	fNk	t��	��q�s�q�v	��s��q���U	fNNk	��	�rv�t�q�	]LW	fNNNk	����v	�r��us�sq�	NLQR	YRMN\NVTU	LVl	NLTQNQ̀QNRLT	]LW	LR_ZT	QP_R̀OP	NQV_]QNXV	Z̀ MQNTQ]mVPRMWV_	\RLT̀MQ]QNRLT	RL	]L	NLQV_L]QNRL]M	MVXVMc	g̀ ŷ\RZZ̀ LNQNVT	T̀\P	]T	QPV	[K��RRW	NLNQN]QNXV	̂e	QPV	��U	QNVW	QR	QPV	��	g̀TQ]NL]̂MV	�VXVMRYZVLQ	�R]MT	fKb�U	hih��	aRlMT	�t	�v�U	hih�kU	]LW	QPV	�QPN\]MMe	[MNOLVW	wRXVZVLQ	RS	QPV	KLTQNQ̀QV	RS	�MV\Q_N\]M	]LW	�MV\Q_RLN\T	�LONLVV_T	\RZZ̀ LNQe	fK���U	hi��k	P]XV	O_RlL	

 	¡¢£	¤¥¦¢§¡̈¡©¢	ª¥«̈ ¬¡	©̈¡	¢	ª¬®̄©¢§¡¢ª	°§¥«	±²¢	©³§§¢¡±	ª¬®©¥³§®¢	¬¡	¬¡̄±¢§ª¬®©¬́µ¬¡̈§¶	±¢©²¡¥µ¥¤¶	¤¥¦¢§¡̈¡©¢	µ¬±¢§̈±³§¢·	 ̧	¤¥¦¢§¡̈¡©¢¹	º©²¥µ̈§®	̈¡ª	¥́µ¬©¶«̈ »¢§®	̈µ¬»¢	²̈¦¢	́§¥́¥®¢ª	ª¬¦¢§̄®¢	̈´́§¥̈©²¢®	°¥§	®±¢¢§¬¡¤	 ̧¹	
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YZ[�Y\�]Y[̂_̀[̂Ya�[Y�bcd̀[d�defg̀̂àhgdi�d[ĵb̀g�kl�mĵbj�̂a�[jd�hcỲndc�odaod�b̀[dco�[Y�[jd�b̀gg�[Y�pYfdaq̂ars�[jd�hg̀bt�hYe�Y\�klu�vwẐ[dai��xyz{�[Y�oYb̂d[|}�koôo[̂ar�kl�dar̂addco�̂a�f̀c[̂bZg̀c�[Y�[c̀aog̀[d�d[ĵb̀g�rẐndĝado�̀an�kl�ofdb̂~b�_̀gZdo�[jcYZrj�ndôrai��]hcdggY�̀an�_̀a�nd��Ydg�v�x�y{�oZrrdo[dn�hY[[Y]�Zf�̀an�j|hĉn�̀ffcỲbjdo�[Y�kl�rY_dcàabdi�nc̀m̂ar�Ya�[jd�odg\�cd�db[̂_d�����\c̀]dmYct�v�]hcdggYi��x�y{}�w|�fcY_̂ar�jYm�kl������fĉab̂fgdo�b̀a�hd�bYabcd[̂�dn�̀o�ĵrjdc�Ycndc�_̀gZdo�[jcYZrj�kl�ndôra�mĵgd�̀bbYZa[̂ar�\Yc�d[ĵb̀g�[daôYao�̀an�fY[da[̂̀g�n̂gd]]̀o�[jdcd̂ai�[jd̂c�mYct�gdano�aY[�Yag|�bcdndabd�[Y�[jd�Yfdc̀[̂Yàĝ�̀ĥĝ[|�Y\�[jd�kl������\c̀]dmYct�hZ[�̀goY�cd̀\~c]o�jYm�̂ao[cZ]da[̀g�\Zaǹ]da[̀g�ĉrj[o�h̀odn�o|o[d]�[ĵat̂ar�̂o�[Y�kl�rY_dcàabd�̀an�̂aaY_̀[̂Ya}��Y�b̀ĵd_d��cZo[mYc[j|�kli�[jd|�b̀gg�Ya�kl�dar̂addco�[Y�fĉ]̀ ĉg|�ndôra�����jZ]̀a�_̀gZdo�[Y�bYZa[dc�[jd�bZccda[�c̀[̂Yàgd�Y\�]̀ctd[�nĉ_da�̂aaY_̀[̂Ya�̂a�kl�̀an�̂[o�â�Zdabd�Ya�kl�ndôrai�̀an�fcY_̂nd�bY]fĝ]da[̀c|�rẐndĝado�Ya�jYm�[Y�nY�oY�]Ycd�d\\db[̂_dg|�\Yc�[jd�gYar�[dc]�v�]hcdggY�̀an�_̀a�nd��Ydgi��x�y{}la�[jd�ò]d�ĝrj[i�̀crZ]da[o�\Yc�[cd̀[̂ar�kl�aY[�]dcdg|�̀o�̀�bY]fZ[dc�ob̂dabd�h̀odn�[dbjaYgYr|i�hZ[�Yad�[j̀[�̂o�d]hdnndn�̀an�ô[Z̀[dn�̂a�oYb̂d[̀g�o[cZb[Zcdoi�jdabd�c̀̂ôar�d[ĵb̀gi�_̀gZd�h̀odn�̀an�aYc]̀ [̂_d��Zdo[̂Yao�̀ĝtdi�̀cd�cd�db[dn�̂a�oYb̂Y�gdr̀g�n̂obYZcodo�Ya�kl�v�̀jm̀ai��xy����gYĉn̂������}i��xy����̂raZ]i��xyz���̀cooYai��x�y{}�la�f̀c[̂bZg̀c��̀jm̀a�o�v�xy�{�fcYfYòg�Y\�̀�oYb̂̀gg|�̂aof̂cdn�̀grYĉ[j]̂b�bYa[c̀b[�ojdno�ĝrj[�Ya�[jd�\Zaǹ]da[̀g�oYb̂d[̀g�bj̀ggdard�Y\�cd[̀̂âar�jZ]̀a�̀rdab|�̂a�[jd�Zf[̀td�Y\�kli�ded]fĝ~dn�̂a�[jd�Z̀[jYc�o�]Yndg�Y\�poYb̂d[|�̂a�[jd�gYYfu�v̂ĥn}{}��bcZ[̂â�̂ar�̀an�defĝb̀[̂ar�[jd�̂a[dccdg̀[̂Yaoĵf�hd[mdda�kl�nd_dgYf]da[�̀an�jZ]̀a�_̀gZdo�Ya�̀�oYb̂d[̀g�gd_dg�fcY_̂ndo�̀_daZdo�\Yc�cd_̂odn�Zandco[̀an̂ar�Y\�jYm�oYb̂d[|�̀o�̀�mjYgd�b̀a�fcYofdc�[jcYZrj�[jd�Zf[̀td�Y\�kl}��ĵo�cd�db[̂Ya�̂o�df̂[Y]̂�dn�̂a�ĵo�b̀gĝar�\Yc�̀�cdadmdn�oYb̂̀g�bYa[c̀b[�̂a�̀a�d_dc�]Ycd��Z̀a[̂~̀hgd�da_̂cYa]da[�mjdcd�pjZ]̀ao�̀an�rY_dcàabd�̀grYĉ[j]ou�̂a[dc̀b[�m̂[j�d̀bj�Y[jdc�v̂ĥn}{}�la�[Zcai�[jd�da[̂cd�ĝ\d�b|bgd�Y\�kli�\cY]�̂[o�ndôra�[Y�̀Zn̂[̂ar�]Zo[�hd�Zandco[YYn�m̂[ĵa�[jd�oYb̂d[̀g�bYa[de[�̂a�mĵbj�[jd�n̂r̂[̀g�[dbjaYgYr|�̂o�ndfgY|dn}��������� ¡¢£¤¥¦§£¥¡¢�£¡�̈©�ª¡«�¤¢¬¢ ��gd]da[o�Y\�fcYfYògo�\Yc�rY_dcàabd�\c̀]dmYcto�Ya�kl�j̀_d�\YZan�defcdoôYa�â�fYĝb|�nYbZ]da[o�oZbj�̀o�̂a�[jd�]Zg[̂fgd���®����̄°�±�����²®�±�v³�́ �i��x�y���̀a��Y|������i��x�y{i�̀an�̂a�f̀c[̂bZg̀c�̂a�[jd����o�µ�¶®·±�̧¹®º��®�±�̀an�»��®·¼��º�°½�±�¾���¿�·�¾¾�º��®�±�����À�¹±�Á���¶¼�̄°�vkl�����i��xyz̀�àn��xyzh{i�[jd����́Y]]̂oôYa�o�Â¶®���»�Ã�����̄°�v�x�x{�̀an�[jd����o�gdr̂og̀[̂_d�fcYfYòg�Ya�kli�[jd�klk�v�ZcYfd̀a�́Y]]̂oôYai��x�yb{}
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KLM	NOPQRSNT	UVN	WXY	ZMPQN[LM\	]̂	PS]_̀Na	[]UV	UVN	bc	defgĥ	̂NiǸ	\Nj	MNkl]MNQǸÛ	P̀a	MNmNnUNa	]̀	UVN	foĥ	pMl̂U[LMUVj	bc	ZMPQN[LM\T	[V]nV	UMNPÛ	q̀LU	L̀Sj	UVN	UMl̂U[LMUV]̀N̂̂	LZ	UVN	bc	̂ĵUNQ	]ÛNSZ	rlU	PŜL	stu	UVN	UMl̂U[LMUV]̀N̂̂	LZ	PSS	vwxyz{{z{	P̀a	|y}xw{	UVPU	PMN	RPMU	LZ	UVN	̂ĵUNQĥ	S]ZN	njnSN~	rN]̀_	]UNMPU]iN	]̀	̀PUlMN	sbc	defgT	����Pu�	�̀ 	UVN	QNUP	SNiNST	UVN	foĥ	VLS]̂U]n	RMLRL̂PS	ZLM	UVN	bcb	RMN̂ǸÛ	̀LU	L̀Sj	UVN	�M̂U�NiNM	nL̀nMNU]�PU]L̀	LZ	ZMPQN[LM\̂	a]̂nl̂̂Na	]̀	̂nVLSPMSj	a]̂nLlM̂N̂	L̀	bc	_LiNM̀P̀nNT	]̀	RPMU]nlSPM	L̀	bc�gLLa	P̀a	�N̂RL̀ ]̂rSN	bc	a]̂nLlM̂N̂	s�PV[P̀T	�����	KSLM]a]	z}	|��T	�����	Y]_̀lQT	�����	pVNLaLMLl	P̀a	Y]_̀lQT	�����	�L[Ŝ	z}	|��TT	�����	ePM̂̂L̀T	����uT	rlU	PŜL	UVN	�M̂U	_SLrPS	SN_]̂SPU]iN	]̀̂UMlQǸU	UL	PaaMN̂̂	UVN	_ML[]̀_	MNnLQQǸaPU]L̀	]̀	bc	_LiNM̀P̀nN	S]UNMPUlMN	ZLM	]̀̂U]UlU]L̀	rl]Sa]̀_	P̀a	P	_LiNM̀P̀nN	̂UMlnUlMN	L̀	bcT	UVl̂	nL̀ L̂S]aPU]̀_	]̀UNM̀PU]L̀PS	aNrPUN̂	PMLl̀a	bc	_LiNM̀P̀nN�	pV]̂	]̂	PŜL	RPMU]PSSj	alN	UL	UVN	RPMU]n]RPU]L̀	LZ	̂LQN	LZ	UVN	SNPa]̀_	̂nVLSPM̂	]̀	UVN	bc	defgT	̂lnV	P̂	KSLM]a]	LM	Y]_̀lQT	[VL̂N	MN̂NPMnV	R̂P̀ 	̂ULR]n̂	ZMLQ	UVN	]̀UNMa]̂n]RS]̀PMj	�NSâ	LZ	nLQRlUNM	̂n]ǸnNT	RV]SL̂LRVj	P̀a	SP[�	b̀a	i]nN	iNM̂PT	UVN	MNRLMÛ	rj	UVN	bc	defg	VPiN	̂VPRNa	P̀a	̂V]ZUNa	UVN	a]̂nLlM̂N	L̀	bc	_LiNM̀P̀nN	ZMLQ	RMNi]Ll̂	aNrPUN̂T	ZLnl̂̂]̀_	L̀	NO]̂UǸU]PS	w�{��yz�}wz�	bc	_LiNM̀P̀nN	sYPZLNT	����u	UL[PMâ	�w�{}�xw}��	bc	_LiNM̀P̀nNT	MNmNnUNa	]̀	UVN	PaLRU]L̀	LZ	�f�Y	RM]̀n]RSN̂	L̀	bc	P̀a	UVN	oX	bc	RM]̀n]RSN̂	spV]NrN̂	z}	|��T	����u�������	� ¡�¢¢�£¡�	¤�	¥¤�¦§pP]SLMNa	SN_]̂SPU]iN	QNP̂lMN̂	P̀a	̂UP̀aPMa]�PU]L̀	NZZLMÛ	PMN	S]̀nVR]̀̂	ZLM	UVN	foĥ	_SLrPS	nLQRNU]U]iǸN̂̂	]̀	bc	lRUP\N	sYPUP	fUV]n̂	�LQQ]̂̂]L̀T	����u�	pVN	VNPa	LZ	UVN	NONnlU]iN	LZ	UVN	flMLRNP̀	ò]L̀T	�LQQ]̂̂]L̀NM	oM̂lSP	iL̀	aNM	eNjǸT	nLQQ]UUNa	UL	UVN	\Nj	Lr̈NnU]iN	]̀	UVN	©xªª�{{�x�«{	¬x��}�y|�	���z���z{	®xw	̄°̄±	UL	aNi]̂N	P	MN_lSPULMj	ZMPQN[LM\	ZLM	bcT	rP̂Na	L̀	flMLRNP̀	iPSlN̂	P̀a	L̀MQ̂	sfo	�LQQ]̂̂]L̀T	����Pu�KMLQ	����T	[]UV	UVN	N̂UPrS]̂VQǸU	LZ	UVN	��QNQrNM	̂UML̀_	QlSU]̂UP\NVLSaNM	bc	defg�	lR	l̀U]S	UVN	bcbT	UVN	fo	VP̂	aMP[̀	L̀	iPM]PrSN	RLS]nj	]̀̂UMlQǸÛ	UL	nMNPUN	P	_LiNM̀P̀nN	ZMPQN[LM\	ZLM	bcT	UVMNN	LZ	[V]nV	̂UP̀a	LlU²	s]u	¬x��y�	|��	��	pVN	]̀aNRǸaǸnN	LZ	UVN	d]_V�eNiNS	fORNMU	gMLlR	L̀	bc	]̂	[LMUVj	LZ	̂RNn]PS	̀LUN�	b̂	̂lnVT	qUVN	i]N[̂	NORMN̂̂Na	]̀	³UVN]M	aLnlQǸÛ́	MNZSNnU	UVN	LR]̀]L̀	LZ	UVN	bc	defg	P̀a	QPj	̀LU	]̀	P̀j	n]MnlQ̂UP̀nN̂	rN	MN_PMaNa	P̂	MNZSNnU]̀_	P̀	LZZ]n]PS	RL̂]U]L̀	LZ	UVN	flMLRNP̀	�LQQ]̂̂]L̀~	sbc	defgT	����Pu�
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YZ[\]̂�_̀\abc\db̂�ed�fgh�ijklmn�opq�nrstmuvsrw�xsr�opq�ysmyqzo�sx�pt{jm|yqmorlyh�}rt~ovsropk���h�jmu�~qoolmn�j�nis�ji�~ojmujru���ll���[\Zb����b��ed�fgh�~qoolmn�sto�opq��l~lsm�xsr�jm����qys~k~oq{��j~qu�sm�ort~o�jmu�q�yqiiqmyq��jmu��lll���b_\̂c�Z\�b���e�ê�ĉh�lm�zjrolytijr�opq��lnloji��qr�lyq~��yoh��lnloji��jrwqo~��yo�jmu�opq�ijoq~o�zrszs~ji�xsr�jm��rol�ylji��moqiilnqmyq��yo���������h�����j�jmu������������s{{l~~lsmh�����j��}pq~q��slmo�qxxsro~�pj�q�lm�otrm�lmyrq{qmojiik�xqu�lmos�j�ys{zrqpqm~l�q�kqo�mso�tmysmoq~oqu�rqntijosrk�xrj{qvsrw�sm������ismn�vlop�opq�qjrilqr�lmorsutyolsm�sx�����h� rt~~qi~�ijoq~o�zsilylq~�sm����ns�qrmjmyq�ystiu�lm�otrm��q�zijt~l�ik�ysmyql�qu�j~�rqjx�r{lmn�opq���¡~�orjulolsmji�j~~t{qu�rsiq�j~�j�zrlmylziq|�j~qu�¢rqntijosrk�~tzqrzsvqr£�� rjuxsruh�����j�� jwjru�lq�j��mnqi�rqwo�bZ��c�h�������¤pjo� jwjru�lq�j��mnqi�rqwo�bZ��c���������ysm~ortq�j~�j�¢oqypmsisnlyji�~plxo£h�pj~��qqm�jrntj�ik�juurq~~qu�vloplm�opq�ysmoq�o�sx�opq�¢ rt~~qi~�qxxqyo£h�rqxqrrlmn�os�opq���¡~�lmmjoq�j�lilok�j~�opq�vsriu¡~�ijrnq~o��lmniq��jrwqo�os�zrs{tinjoq�nis�ji�iqnji�~ojmujru~�vplyp�ijoqr��mu�lm~zlrjolsm�jmu�juszolsm��qksmu�opq�rq{lo�sx�lo~��trl~ulyolsm�� rjuxsruh���������¥mq�{t~o�j~~t{q� rjuxsru¡~�q{zlrlyjiik�oq~oqu�ysmyqzo�l~�rq¦qyoqu�lm�opq���¡~�qxxsro~�sm�nis�ji�rqntijolsm�sx�oqyph�vlop�opq�������qlmn�q�q{zijrk�xsr�opl~��}pq�~j{q�zjooqrm�ysmolmtq~�os�jzzik�xsr�lo~�rqntijosrk�qxxsro~�os�oj{q�opq�{smszsil~oly�zsvqr�sx���§���jmu�sopqr�nis�ji�oqyp�zijkqr~��l�lu����¤pliq�opl~�zjzqr�usq~�mso�lmoqmu�os�juszo� rjuxsru¡~�{qopsusisnkh�lo�urjv~�sm�lo~�iqlo{solxh�os�vlo�opq���¡~�lmpqrqmo�rq~si�q�os�jyo�j~�j��qjysm�xsr�uq{syrjykh�opq�rtiq�sx�ijv�jmu�zrs{solmn�xtmuj{qmoji�rlnpo~h�jii�psil~oly�ysmyqzo~�jmu�zrlmylziq~�vplyp�jrq�{srq�rqiq�jmo�opjm�q�qr�lm�opq�¢oqypmsisnlyji�~plxo£��}pq~q�~j{q�nis�jiik�ypjiiqmnqu�xtmuj{qmoji�rlnpo~|�j~qu�zrlmylziq~��mu�q�zrq~~lsm�lm�opq�}rt~ovsropk����xrj{qvsrwh�j�ysmyqzo�vplyp�opq����jl{~�os�q�zsro�jmu�joojlm�iqjuqr~plz�vloph�oprstnp����}pq�����s{{l~~lsm�~qo�sto�os�~oqqr����uq�qisz{qmoh�{jrwqolmn�jmu�jzzilyjolsm�zrl{jrlik��j~qu�sm�j�xstr|ul{qm~lsmjih�rl~w|�j~qu�jzzrsjyp������s{{l~~lsmh�����y���¤pliq�{srq�ys{zrqpqm~l�q�jmu�opt~�mtjmyqu�lm�~yszq�ys{zjrqu�os�opq�zrq�lst~ik�qm�l~jnqu��lmjrk�zrszs~ji�lm�opq��[\Zb����b��ed�fgh�vplyp�~siqik�ul~olmntl~pqu��qovqqm�isv�jmu�plnp|rl~w����jzzilyjolsm~������s{{l~~lsmh������h�opq�rl~w|�j~qu�yij~~l�yjolsm�{qopsu�lm�opq�����~olii�jzzqjr~�os�nl�q�rl~q�os�yrlolyl~{��§sr�¢���{juq�lm�opq���£�os��q�uqq{qu�ort~ovsropk���ntrq���h�uq�qiszqr~�jmu�uq~lnmqr~�sx�opq~q�~k~oq{~�{t~o�jupqrq�os�oprqq�wqk�rq̈tlrq{qmo~©��l���m����{t~o�ys{zik�vlop�jii�iqnji�msr{~���ll��jupqrq�os�qoplyji�

ª«¬®̄°±�°²¬³«́¬µ°�¶°«³·̄°³�«̧±�³́«̧¹±«̄±¬º«́¬®̧�°»»®̄³́�«̄°�¬̧¼½¾¬̧³�»®̄�́½°�¿ÀÁ³�²®Â«�¼®¶¾°́¬́¬µ°̧°³³�¬̧�ÃÄ�·¾́«Å°Æ�ª½°�½°«±�®»�́½°�°Ç°¼·́¬µ°�®»�́½°�¿·̄®¾°«̧�À̧¬®̧È�É®¶¶¬³³¬®̧°̄�À̄³·«�µ®̧�±°̄�Ê°Ë°̧È�¼®¶¶¬́́°±�́®�́½°�Å°Ë�®ÂÌ°¼́¬µ°�́®�±°µ¬³°�«�°̄²·«́®̄Ë�»̄«¶°Í®̄Å�»®̄�ÃÄÈ�Â«³°±�®̧�¿·¹®̄¾°«̧�µ«·°³�«̧±�̧®̄¶³Æ
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JKLMNLONJ	LMN	PLQRSJ	TM	NSUVWOLKTW	JVWTSKTSJX	LMN	YTTTZ	[OSJSMK	L	\T]\	NS]OSS	V̂	_VK\	KSW\MTWLQ̀	Sa]a	TM	K\S	LOSL	V̂	Wb_SOJSWROTKb̀	LMN	JVWTLQ	OV_RJKMSJJ	c\SM	TK	WVUSJ	KV	de	JL̂SKb	LMN	[OTMWT[QSJ	JRW\	LJ	Sf[QTWL_TQTKb̀	̂LTOMSJJ̀	[OSPSMKTVM	V̂	\LOU	LMN	OSJ[SWK	̂VO	\RULM	LRKVMVUb̀	TM	[LOKTWRQLO	Yde	ghij̀	klmnLZaopqrst	uv	oswxtyzs{	|zs	}sr~}yzs}��	��	z|	}�t	�pq���t�t�	���ts}	�szr�	z�	��	���	����� ���������	���	�����������	�������������� �����	��¡¢£¤	¥¦§̈¤	©ª¤«	ª¢	¤«ª¬	¥£®̄ ¦¢¤° ±��²³��	�� �́µ���	��¶¢¤·£¥®¤ª£¢
«̧§¹¤¦·	¶¶¶ ��������º�	��	�����������	��»¹¦·§¤ª£¢§̈ª¬¦	¤«¦	¼¦½	·¦¾®ª·¦̄ ¦¢¤¬ ¿§ª̈£·	¤«ª¬	¤£	¤«¦	¬¹¦ªÀ	Á̈		§¹¹̈ª§¤ª£¢�����������	��	��������º�	 ²��

«̧§¹¤¦·	¶ ���ºÂ��²�º�	��	�����������	�ÃÁ¥«¦·¦	¤£	¦¤«ª§̈	¹·ª¢ª¹̈¦¬	Ä§¬¦¥	£¢	Å®¢¥§̄ ¦¢¤§̈	·ªÆ«¤¬ Á¼¢£©̈¦¥Æ¦	§¢¥	§¥¥·¦¬¬	¤¦¢¬ª£¢¬	Ä¦¤©¦¦¤¢«	¦̄ Ç	È¦¬¹¦¤	Å£·	«®̄ §¢	§®¤£¢£̄ ½Ç	É·¦Ê¦¢¤ª££¢Å	«§·̄Ç	Ë®¬¤ªª§Ç	Ì§ª·¢¦¬¬Ç	ÍÎ¹Ïª§Äª̈ª¤½Ð	±��²³��	Ñ�²º³²Ò���

«̧§¹¤¦·	¶¶	 �́��²���²�º	��	�����������	��¶̄¹̈¦̄ ¦¢¤	¤«¦	¼¦½	·¦¾®ª·¦̄ ¦¢¤¬ Ç	Ó®̄ §¢	§Æ¦¢½	§¢¥	£Ê¦·¬ªÆ«¤Ç	¿¦«¢ª§·£̈	Ä®¬¤¢¦¬¬	§¢¥	¬§Å¦¤½Ç	É·ªÊ§½	§¢¥	¥§¤§	Æ£Ê¦·¢§¢¦Ç	¿·§¢¬¹§·¦¢½Ç	ÔªÊ¦·¬ª¤½Õ	¢£¢Ö¥ª¬·ª̄ª¢§¤ª£¢	§¢¥	Å§ª·¢¦¬¬Ç	×£ª¦¤§̈	§¢¥	¦¢Êª·£¢̄ ¦¢¤§̈	©¦̈̈Ä¦ª¢ÆÇ	Á£®¢¤§Äª̈ª¤½ÍÊ§̈®§¤¦	§¢¥	§¥¥·¦¬¬	¤«¦¬¦	£¢¤ª¢®£®¬̈½	¤«·£®Æ«£®¤	¤«¦	Á̈	¬½¬¤¦̄ Ø¬	̈ªÅ¦	½̈¦	Êª§��³�º²³��	Ù����Â� Ú�ºÛ��³�º²³	Ù����Â�
Ü	Ý��	́�Þ�²����º��

ßàáâãä	åæ	çèéê	ëìíîïðñòó\SOSLJ	K\S	de	ghij	Sf[VRMNSN	VM	K\S	JSWVMN	LMN	K\TON	OSôRTOSUSMKJ̀	K\S	iõ	öVUUTJJTVM	LJ	K\S	SfSWRKTPS	_VNb	V̂	K\S	iõ̀	NSPTJSN	L	QS]TJQLKTPS	[OV[VJLQ	KV	OSLQT÷S	øQLĉRQ	deù̀	WVU[QSUSMKTM]	K\S	�ORJKcVOK\b	de	̂OLUScVO�	cTK\	K\S	̂VRO�
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YZ[\]̂Z_]̀a�bẐcdè\̂Y�̀ffb_̀gh�ijklb\�mn�op�q_[[Ẑ̂Z_]r�msmtguv�whẐ�Z]�xlb]�e\k̂�xh\�yl\̂xZ_]r�_z�h_{�xh\�zl]Ỳ[\]x̀a�bZkhx̂dè \̂Y�wbl̂x{_bxh|�}~�zb̀[\{_bc�Ẑ�b\fb\̂\]x\Y�Z]�xh\�}~}r�̂f\gZjg̀aa|�̀k̀Z]̂x�xh\�ègcYb_f�_z�xh\�op�q_[[Ẑ̂Z_]�̂�Z]x\]xZ_]�x_�gb\̀x\��̀�aZkhx�k_�\b]̀]g\�̂xblgxlb\��_]�}~�iop�q_[[Ẑ̂Z_]r�msmteuv�~]�_xh\b�{_bŶr�g̀]�xh\�op�̀xx̀Z]�wbl̂x{_bxh|�}~�{Zxh�̀�aZkhx�k_�\b]̀]g\�̂xblgxlb\r�\]g̀f̂làx\Y�Z]�xh\�bẐcdè\̂Y�̀ffb_̀gh���b̀{Z]k�_]�xh\�j�\�\a\[\]x̂�_z�xh\�k_�\b]̀]g\�zb̀[\{_bc�_lxaZ]\Y�̀e_�\r�g_[eZ]\Y�{Zxh�xh\�̂\�\]�c\|�b\ylZb\[\]x̂�_z�wbl̂x{_bxh|�}~r�xh\�f̀f\b�b\�ẐZx̂����������b\g\Z�\Y�_]�xh\�}~}�fb_f_̂̀ar�Z]�f̀bxZglàb�g_[[\]x̀b|�fb_�ZY\Y�e|�hl[̀]�bZkhx̂�̂gh_àb̂�î\\�\vkv��[lh̀������vr�msmtu�̀]Y�g_]x\]Ŷr�xh̀x�xh\�}~}�Z]�Zx̂�glbb\]x�z_b[�àgĉ�zl]Ỳ[\]x̀a�\a\[\]x̂�x_�e\�Y\\[\Y�xbl̂x{_bxh|�Z]�xh\���̀{zla�}~��YZ[\]̂Z_]v������������������������������ �¡������¢¢���£¤��¥�¦¤��§�¦�¥�£����̈�¦�������£��§£¦�©§̈§ª «¬®®̄°±²³̄�́µ¶·µ̧¹º�́µ¶·»µ¬µ¼³�½µ¶·¾µ¼µ±̄¿�́µ¶·ÀÁÂ�¶Ã¶±̄¼¶�Äµ±º�¶°̄®µÅ®�±́¬¶°́ ¬̄®Ã�Æ²³µ¹±µÆ¬¶ÇÈÉÊËÌÍÎ�ÏÊËÉÐÍÑÒ�ÓÉÔÔÕÖÖÕÉÒ�×ØÙØÚÛÜÝÞ��¦�¢��£�¦ß��¥��£¦���àhZa\�xh\�op�̀aa_{\Y�z_b�fleaZg�f̀bxZgZf̀xZ_]�Z]�xh\�fb_g\̂̂�x_{̀bŶ�xh\�}~}r�\vkv�e|�[\̀]̂�_z�̂lb�\|Z]k�̂[̀aa�̀]Y�[\YZl[d̂Zá\Y�g_[f̀]Z\̂�_]�xh\�wbl̂x{_bxh|�}~�zb̀[\{_bcr�\̂x̀eaẐhZ]k�̀�olb_f\d{ZY\�z_bl[�_]�}~�f_aZg|�YẐgl̂̂Z_]̂r�xh\��}~�}aaZ̀]g\�r�̀]Y�xh\�}~�â�oãr�yl\̂xZ_]̂�̂xZaa�aZ]k\b�̀̂�x_�xh\�Z]gal̂Z�\]\̂̂�_z�xh\�fb_g\̂̂v�whẐ�gbZxZgẐ[�Ẑ�b\ä\gx\Y�Z]�xh\�}~}r�{hZgh�]\Zxh\b�fb_�ZY\̂�z_b�åæç���èæ���]_b�éè�é��ê�ëì��æëíî�é�z_b�op�gZxZá\]̂�̀zz\gx\Y�e|�̀Y�\b̂\�}~�i�[lh̀������vr�msmtur�\Zxh\b�Z]�̀b\̀̂�_z�a_{�_b�hZkhdbẐc�̀ffaZg̀xZ_]̂r�̀]Y�Ẑ�̀x�_YŶ�{Zxh�xh\�wbl̂x{_bxh|�}~�fbZ]gZfa\̂�_z�îèï�ê��í�ê�ðr���ëæê�éér�éç�ë�����ñ�����ëêí�̀]Y����çèê���ë�ë�ðv�}̂�̂lghr�
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KLM	NON	PQ	PKR	STUUMQK	VWUX	YWMR	QWK	MXZW[MU	SPKP\MQR	KW	KLM	YM]UMM	WV	̂__W[PQ]	VWU	PQVWUXMY	̂QY	KÛQRẐUMQK	UMYUMRR	XMSL̂QPRXR	̀aXTL̂	bc	defg	hihjkg	PQ	ŜRMR	WV	ZWKMQKP̂__l	m̂[MY	WU	P__M]̂_	TRMR	WV	NOg	̂R	ZUMnPWTR_l	MQnPR̂]MY	ol	KLM	NO	pqrsf	pMQSM	KLM	̂RZMSK	WV	rt	SPKP\MQ	ẐUKPSPẐKPWQ	XTRK	oM	PXZUWnMY	PQ	KLM	rtuR	NO	]WnMUQ̂QSM	RKUTSKTUMf	v̂RMY	WQ	KLM	UT_M	WV	_̂[	ZUPQSPZ_MR	WV	_M]̂_PKlg	V̂PUQMRR	̂QY	ŜSWTQK̂oP_PKlg	KLM	MRRMQKP̂_	PQ]UMYPMQK	WV	PQS_TRPnMQMRR	WT]LK	KW	]̂PQ	̂YYPKPWQ̂_	[MP]LK	PQ	KLM	YMôKM	WQ	NO	]WnMUQ̂QSM	̂K	̂Q	rt	_MnM_f	OQS_TRPnM	]WnMUQ̂QSM	VÛXM[WUwR	MQK̂P_	M_MXMQKR	KL̂K	̂__W[	VWU	SPKP\MQ	ẐUKPSPẐKPWQg	UMQYMUPQ]	KLMX	_M]PKPX̂KMf	xLMl	̂UM	]M̂UMY	KW	PQSUM̂RPQ]	KÛQRẐUMQSl	WV	KLM	ZW_PSlX̂wPQ]	ZUWSMRR	PKRM_Vf	yPQ̂__lg	KLMl	X̂l	oM	̂YzTRKMY	WnMU	KPXMg	̂QY	̂UM	KLTR	PKMÛKPnM	̂QY	SWQKM{K|YMZMQYMQK	PQ	RSWZMf	}LP_M	QWK	M{L̂TRKPnMg	KLM	SWXoPQ̂KPWQ	WV	KLMRM	wMl	V̂SKWUR	ZMUXPKR	SPKP\MQRu	KUTRK	PQ	KLM	ZW_PSlX̂wPQ]	ZUWSMRR	̂QY	PQ	RK̂KM	PQRKPKTKPWQR	KW	YMnM_WZ	̂QY	]UW[	̀~PMUUM	̂QY	~MKMURg	hihjkg	PQYMZMQYMQK	WV	KLM	KPXM	̂QY	SWQKM{K	PQ	[LPSL	KMSLQW_W]PMRg	YP]PK̂_g	̂TKWQWXWTR	WU	SWXZ_M{	PQ	Q̂KTUMg	̂UM	PQKUWYTSMYf	�WQRM�TMQK_lg	nWPSMR	WV	WUYPQ̂Ul	rt	SPKP\MQR	QMMY	KW	oM	UMmMSKMY	PQ	KLM	NONg	MXZW[MUPQ]	KLMX	PQ	ẐUKPST_̂Ug	oTK	QWK	WQ_l	ol	XM̂QR	WV	SWXZ_̂PQKR	Q̂Y	̂SSWTQK̂oP_PKl	XMSL̂QPRXRf	xW	KLPR	MQYg	KLM	rTUWZM̂Q	~̂U_P̂XMQKg	̂R	KLM	UMZUMRMQK̂KPnM	VWU	�i	XP__PWQ	rt	SPKP\MQRg	XTRK	̂YnWŜKM	oUŴYMU	SPKP\MQ	ẐUKPSPẐKPWQ	PQ	VTKTUM	VWUXT_̂KPWQ	̂QY	YM�QPKPWQ	WV	KLM	NONg	PQKUWYTSPQ]	Mf]f	KLM	UP]LK	KW	YPUMSK	ẐUKPSPẐKPWQ	PQ	ZWKMQKP̂_	UMnPRPWQR	WV	NO|UPRw	̂ZZ_PŜKPWQf	rt	SPKP\MQR	SWT_Y	Mf]f	YM_PnMU	ŜRMR	̂QY	SWXZ_̂PQR	YPUMSK_l	KW	KLM	�����bd�	��c����de	��cbee��b��b	��d��	WU	KW	KLMPU	UMRZMSKPnM	Q̂KPWQ̂_	RTZMUnPRWUl	̂TKLWUPKPMRf�����������	�����������	�������������� �����	��¡	��������¢}LMUM̂R	KLM	NON	MQnPR̂]MR	MRK̂o_PRLPQ]	̂	�����bd�	��c����de	��cbee��b��b	��d��g	[PKL	M{ZMUKR	VUWX	h�	rt	XMXoMU	RK̂KMR	̂QY	KLM	rt	�WXXPRRPWQ	oMPQ]	UMZUMRMQKMY	KLMUMPQ	KW	ZMUXPK		̂YM�T̂KM	MQVWUSMXMQK	WV	KLM	NONg	�TMRKPWQR	UMX̂PQ	̂R	KW	]WWY	̂YXPQPRKÛKPnM	ZÛSKPSMR	WV	KLM	NSKg	RPQSM	KLM	UM�TPUMY	_MnM_R	WV	M{ZMUKPRM	̂UWTQY	NO	PQVÛRKUTSKTUM	XTRK	oM	oTP_K	TZg	Ŝ__PQ]	VWU	oUŴY|ôRMY	KÛPQPQ]	WV	M{ZMUKR	̂QY	KLM	_MnM_	WV	PQnMRKXMQK	UM�TPUMY	VWU	PQVÛRKUTSKTUM	ŜẐoP_PKPMR	WV	Q̂KPWQ̂_	RTZMUnPRWUl	̂TKLWUPKPMRg	̂R	M{ZMUPMQSM	̂UWTQY	KLM	s£~¤	SWQKM{K	PQYPŜKMY	KLMRM	PQRKPKTKPWQR	[MUM	]MQMÛ__l	TQYMUVTQYMY	PQ	n̂UPWTR	rt	SWTQKUPMRg	KLTR	L̂XRKUPQ]PQ]	̂QY	SUPZZ_PQ]	MVVMSKPnM	̂YXPQPRKÛKPWQ	WV	s£~¤	SWXZ_P̂QSM	̂QY	MQVWUSMXMQK	WV	ŶK̂	ZUWKMSKPWQ	_̂[Rf	yWU	KLM	_WQ]|KMUX	ZMURZMSKPnM	WQ	PXZ_MXMQK̂KPWQ	̂QY	XWQPKWUPQ]	WV	KLM	NONg	ZUWnPYPQ]	KÛPQPQ]	KW	SPnP_	RMUn̂QKR	WQ	̂Yn̂QSMY	YP]PK̂_	_PKMÛSlg	PQ	ẐUKPST_̂U	WQ	LW[	KW	PYMQKPVl	NO|RZMSP�S	KLUM̂KR	KW	LTX̂Q	UP]LKR	PR	WV	ẐUKPST_̂U	PXZWUK̂QSMg	SWQRPYMUPQ]	KL̂K	YMRP]QMUR	WV	NO	RlRKMXR	̂UM	ZUWnPYMY	]UM̂K	_MM[̂l	PQ	KLMPU	YMSPRPWQ	
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YZ�[Z\]̂[Y�_̀�abc_�[Z\dZefgYh�ijjkjjfk\Yjl�mng[nl�ôkjYgZ\ipqhl�rkeYig\j�Z\qh�YZ�ngsntegju�vw�irrqg[iYgZ\jx�qgjYk]�̂\]ke�veYy�z{|}�i\]�v\\k~�����{����ZffgjjgZ\l�|�|�[}�p̂Y�\ZY�YZ�qZmtegju�Z\kjy��mg\s�YZ�Ynk�[Zfrqk~�\iŶek�i\]�[Z\Yk~Yt]krk\]k\[h�Zd�vwl�gd�qkdY�̂\i]]ekjjk]l�Yngj�fgsnY�pkie�\ksiYg�k�gfri[Yj�Z\����[gYg�k\j��isk\[h�i\]�reg�i[h�egsnYjy��ngqk�[ekiYg\s�i�]iYipijk�Z\�ngsntegju�vw�irrqg[iYgZ\j�iY�Ynk��̂eZrki\�qk�kq�ekjrk[Yj�Ynk�igf�Zd�kddk[Yg�k�ĵrke�gjgZ\�i\]�fZ\gYZeg\s�Zd�[egYg[iq�vw�jhjYkfjl�deZf�i�d̂\]ifk\Yiq�egsnYj�qim�rkejrk[Yg�kl�Z\k�fih�ôkjYgZ\�mnkYnke�Ynk�]iYipijk�jnẐq]�\ZY�k~Yk\]�YZ�iqq�dẐe�egju�]gfk\jgZ\jy�v]]gYgZ\iqqhl�Yei\jrZjg\s�i�jrgegY�Zd�d̂\]ifk\Yiq�egsnYj�reZYk[YgZ\�g\YZ�Ynk�vwvl�gY�mẐq]�pk�mZeYnmngqk�YZ�kjYipqgjn�i�[Zfrqkfk\Yieh�k~Yke\iq�î]gYg\s�pZ]hl�mng[n�gYkeiYg�kqh�ek�gjgYj�Ynk�[egYkegi�Zd�b_�_���c��i\]�������c��ba��c�l�g\YkeeZsiYg\s�mnkYnke�YkfrZeiq�g\deg\skfk\Yj�Zd�d̂\]ifk\Yiq�egsnYj�iek�b_�_��a����b�a��_����ac�������_c�l�qksgYgfiYk�i\]�nk\[k�������c��bac_�{�f̂ ni�_c�a�yl�|�|�}y��ngj�gj�Zd�rieYg[̂qie�ekqk�i\[k�g\�r̂pqg[�jk[YZe�̂jkj�Zd�vwl�Yiug\s�g\YZ�i[[Ẑ\Y�YniY�Ynk�vwv�iqqZmj�dZe�̂jk�Zd�pgZfkYeg[�g]k\Yg�[iYgZ\�jhjYkfj�g\�Ynk��kq]�Zd�qim�k\dZe[kfk\Yy�v]�kejk�irrqg[iYgZ\j�i\]�fgj[Z\[kg�k]�g\YkerekYiYgZ\j�Zd�Ynk�\k[kjjgYh�i\]�reZrZeYgZ\iqgYh�ekôgekfk\Yj�[Ẑq]�pkie�jkegẐj�ekrke[̂jjgZ\j�Z\�Ynk��êjYmZeYnh�vw�ekôgekfk\Yj�Zd����ab�a�_b���ab����_�����cl�����a���ab���aca����_�bab�_l����_���c�l�b�b���������bac��b�ab���a��b_��l�����_ca���_���_�b��i\]�a����bca����c�y��ngqk�\k[kjjieh�dZe�fZ\gYZeg\s�reZ]̂[Y�jidkYh�i\]�nkiqYn�ekôgekfk\Yj�g\�Ynk�ieki�Zd�vwl�g\�sk\keiql�fieukY�ĵe�kgqqi\[k�îYnZegYgkj�[i\�\kgYnke�ekrqi[k�\Ze�ijĵfk�Ynk�eZqkj�Zd�g\jYgŶYgZ\jl�mnZjk�[Zek�[ZfrkYk\[k�qgkj�g\�jidkŝie]g\s����[gYg�k\j��d̂\]ifk\Yiq�egsnYjl�k~Yk\]g\s�YZ�jk\jgYg�k�iekij�ĵ[n�ij�]iYi�reZYk[YgZ\�i\]�reg�i[hy�Z\jkôk\Yqhl�ekdkeeg\s�pi[u�YZ�Ynk��\iq�ekjkie[n�ôkjYgZ\l�mngqk�]gjrqihg\s�i\]�ekjrk[Yg\s�kqkfk\Yj�Zd�Ynk��êjYmZeYnh�vw�ekôgekfk\Yjl�g\�rieYg[̂qie�g\�Ykefj�Zd��ba��_�ca��_�������Zd�vw�̂jiskj�YniY�ê\�[Ẑ\Yke�YZ�]kfZ[eiYg[��iq̂kjl�Ynk�êqk�Zd�qim�i\]�d̂\]ifk\Yiq�egsnYj�ij�ĵ[nl�Ynk��ejY�sqZpiq�nZeg�Z\Yiq�qksgjqiYg�k�reZrZjiq�Z\�vw�gj�YgqYk]�eiYnke�g\�di�Ẑe�Zd�[ekiYg\s�i\�k[ZjhjYkf�Zd�k~[kqqk\[ky��nk\�[Zfriek]�YZ� ¡¢£l�Ynk�vwv�f̂ jY�Yn̂j�pk�̂\]kejYZZ]�ij�pkg\s�i\�g\\Z�iYgZ\tg\jrgek]�qksgjqiYg�k�reZrZjiql�mng[n�jngdYj�Ynk�]kpiYk�Z\�vw�sZ�ke\i\[k�xy��~ifrqkj�Zd�ngsntegju�vw�irrqg[iYgZ\j¤�¥{g}�jidkYh�[ZfrZ\k\Y�Zd�reZ]̂[Yj�ĵp¦k[Y�YZ�Ynge]�rieYh�k~ti\Yk�[Z\dZefgYh�ijjkjjfk\Y§�i\]�{gg}�jYi\]tiqZ\k�vw�jhjYkfj�mgYn�fig\qh�d̂\]ifk\Yiq�egsnYj�gfrqgt[iYgZ\j��g\�iekij�Zd¤�̈gZfkYeg[�g]k\Ygdg[iYgZ\�i\]�[iYksZegjiYgZ\�Zd�\iŶeiq�rkejZ\j§�©i\iskfk\Y�i\]�ZrkeiYgZ\�Zd�[egYg[iq�g\deijYê[Ŷek§��]̂[iYgZ\�i\]��Z[iYgZ\iq�Yeig\g\s§��frqZhfk\Yl�mZeukej�fi\iskfk\Y�i\]�i[[kjj�YZ�jkqdtkfrqZhfk\Y§�v[[kjj�YZ�i\]�k\¦Zhfk\Y�Zd�kjjk\Ygiq�reg�iYk�jke�g[kj�i\]�r̂pqg[�jke�g[kj�i\]�pk\kdgYj¤�ªim�k\dZe[kfk\Y§�©gseiYgZ\l�ijhq̂f�i\]�pZe]ke�[Z\YeZq�fi\itskfk\Y§�v]fg\gjYeiYgZ\�Zd�¦̂jYg[k�i\]�]kfZ[eiYg[�reZ[kjjkj«y
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KLMN	O	POQRSORT	MK	UVWXYZ[VY\]	̂_̀	O	LaRbcdefOdTg	OhhLMOib	TdhMSdTg	fj	cbT	kl	mnop̀	cM	O	POQRSORT	MK	VqXrstuXvw	̂_̀	gTTNTg	cM	fT	LOcbTL	aQQMxOcaMQeKLaTQgPj̀	yacb	vz[{[|qz	OQg	\W|u{	}u~WvX	LTNOaQaQR	aQ	cTQdaMQ	yacb	MQT	OQMcbTL�����������	��������bT	LOcaMQOPT	MK	cbad	hOhTL	bOd	fTTQ	cM	T�ONaQT	ybTcbTL	cbT	o��d	RMxTLQOQiT	KLONTyML�	aQ	acd	iSLLTQc	KMLN	ad	OPaRQTg	yacb	cbT	RMOP	MK	iLTOcaQR	OQ	aQiPSdaxT̀	KSQgONTQcOP	LaRbcdefOdTg	OQg	cbSd	�LSdcyMLcbj	kl	TiMdjdcTN�	kKcTL	cO�aQR	OiiMSQc	MK	cbT	gMSfPTeTgRTg	dyMLg	ibOLOicTL	MK	kl	djdcTNd	OQg	cbT	ibOPPTQRTd	cbTdT	hLTdTQcTg	aQ	gTxTPMhaQR	O	bSNOQeiTQcLai	 kl	 RMxTLQOQiT	KLONTyML�̀	cbad	hOhTL	LTxadacTg	cbT	POcTdc	gadiMSLdT	MQ	kl	RMxTLQOQiT	PacTLOcSLT	KLMN	OQ	o�	hTLdhTicaxT�	�bTLTOKcTL̀	ac	OddTddTg	o�	hMPaij	NTOdSLTd	MQ	kl	OQg	gadiSddTg	cbT	o��d	kl	RMxTLQOQiT	dcLSicSLT	KLMN	O	KSQgONTQcOP	LaRbcdefOdTg	hTLdhTicaxT̀	iMQcLOdcaQR	cbT	o�	�MNNaddaMQ�d	aQQMxOcaMQeaQdhaLTg	hLMhMdOP	MK	cbT	klk̀	iMQdcLSTg	Od	LThLTdTQcaQR	OQ	vz[X]XYv|	[�	v�zv~~v{zv̀	yacb	cbT	�LSdcyMLcbj	kl	KLONTyML�	MK	cbT	kl	mnop̀	hLaNOLaPj	iMQiTaxTg	cM	iLTOcT	OQ	vz[X]XYv|	[�	YVWXY�	�acSOcaQR	o�	hMPaij	NTOdSLTd	aQcM	dibMPOLPj	gadiMSLdTd	MQ	kl	RMxTLQOQiT	OQg	xaiT	xTLdÒ	cbad	hOhTL	hLMxagTd	aQacaOP	aQdaRbcd	aQcM	cbT	o��d	LMPT	aQ	OQg	iMQcLafScaMQ	cM	OQ	TNTLRaQR	kl	RMxTLQOQiT	KLONTyML���j	KLONaQR	kl	Od	OQ	OScMQMNMSd	gaRacOP	cTibQMPMRj	TNfTggTg	aQcM	dMiaTcOP	dcLSicSLTd	OQg	iMQcT�cd̀	NTgaOcTg	cbLMSRb	gaRacOP	gTxaiTd̀	cbT	hOhTL	bOd	iMQcTQgTg	cbOc	hMcTQcaOP	cTQdaMQd	fTcyTTQ	fMcb	OhhLMOibTd	OLadT	OQg	�Qg	T�hLTddaMQ	aQ	cbT	klk�d	KMSLegaNTQdaMQOP	Lad�efOdTg	OhhLMOib̀	hOLcaOPPj	iMNhLMNadaQR	�LSdcyMLcbj	kl	hLaQiahPTd̀	aQ	hOLcaiSPOL	fSc	QMc	PaNacTg	cM	\W|u{	u�v{z]̀	�uqV{vXX	OQg	uzz[W{Yutq~qY]�	mMyTxTL̀	RaxTQ	cbT	QOdiTQc	QOcSLT	MK	cbT	�TPg	MK	kl	RMxTLQOQiT̀	cbT	�LdceTxTL	PTRadPOcaxT	hLMhMdOP	MQ	kl	MhTQd	OxTQSTd	KML	fLMOgefOdTg	gadiSddaMQd	MQ	bMy	gTNMiLOcai	dMiaTcaTd̀	fOdTg	MQ	cbT	LSPT	MK	POy	OQg	KSQgONTQcOP	LaRbcdeaQdhaLTg	xOPSTd̀	aQcTQg	cM	PaxT	aQ	OQ	TxTL	NMLT	kl	iMQgacaMQTg̀	cTibQMPMRj	gLaxTQ	TQxaLMQNTQc��bad	hOhTL	cbSd	iOPPd	KML	OggacaMQOP	NTibOQadNd	TNhMyTLaQR	OQg	OPPMyaQR	o�	iaca�TQd	cM	hOLcaiahOcT	gaLTicPj	aQ	cbT	KScSLT	dbOhaQR	OQg	gaLTicaMQ	MK	aNhPTNTQcOcaMQ	MK	cbT	klk̀	OPaRQTg	yacb	KSLcbTLaQR	cbT	�LSdcyMLcbj	kl	
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YZ[\]YẐZ_̀a�bc�defgh�gijhkl�m_n�opjqrsidtu�m_n�gkkoehtgvswstlx�ỳZYm̀]zZ{|�[\Zà]b_]_}�̀~Z�Y]a���maZn�m��Ybm�~u�c\̀\YZ�YZaZmY�~��b\{n�_ZZn�̀b��m{{�cbY��maZ��maZnu��b_̀Z�̀�nZ�Z_nZ_̀�Ẑ�]Y]�m{�à\n]Za�b_�̀~Z�ZccZ�̀]zZ_Zaa�bc�aZ{c��b_cbŶ]̀|�maaZaâZ_̀a�bc��y�nZa]}_ZYa��Z]}~Zn�m}m]_à�̀~Z��Y\à�bỲ~|��y��b_�Z�̀x���̀Z_a]zZ��\�{]��b�]_]b_�a\YzZ|a��b\{n�_ZZn�̀b��Z��b_n\�̀Zn�]_�m{{����̂Ẑ�ZY�àm̀Zau�̀b��b{{Z�̀�nm̀m�b_�����]̀]�Z_a���ZY�Z�̀]b_�b_��b̀~�̀~Z�Y]}~̀a��maZn�m_n�Y]a���maZn��b_�Z�̀ax��~ZaZ��_n]_}a�̂\à�\_nZY�]_�m_n�]_cbŶ�n]a�\aa]b_a�b_��b̀~�m��Ybm�~Za�̀b�m�~]ZzZ�]_�{\a]zZ��Y\à�bỲ~|��yx��b�{Zaa�]̂�bỲm_̀�mYZ�̂Zma\YZa�̀b��b{{Z�̀�mnn]̀]b_m{�nm̀m�b_�̀~Z�Z_z]Yb_̂ Z_̀m{�]̂�m�̀�bc�\�̀m�Z�bc��y�̀Z�~_b{b}]Zau�]_��{baZ��b_�\_�̀]b_��]̀~�à\n]Za�b_�Yb{Z�bc��y�]_��b̀Z_̀]m{{|�YZn\�]_}�̀~Z��mY�b_�cbb̀�Y]_̀xy_�ZaaZ_�Zu��{m�]_}��]̀]�Z_a��Y]}~̀a��Z_̀YZ�àm}Z�m_n�Ẑ�b�ZY]_}�̀~Ẑ �̀~Yb\}~�n]}]̀m{�̀Ym_acbŶm̀]b_�]a��Z|�cbY�nZzZ{b�̂ Z_̀�m_n�\�̀m�Z�bc��Y\à�bỲ~|��yx��~Z�����b̂ ]̂aa]b_�a��Yb�bam{��Ybz]nZa�m�}{b�m{{|�\_][\Z�àmỲ]_}��b]_̀�cbY�~̀ZaZ�n]a�\aa]b_au�b_�]_̀ZY_m̀]b_m{u�_m̀]b_m{�m_n�a\��_m̀]b_m{�{ZzZ{ax��~m̀�]a��m{{Zn�cbY�]a�mnn]̀]b_m{��b{]̀]�m{��]{{�m̀�̀~Z�����b̂ ]̂aa]b_�{ZzZ{u�_b̀�b_{|�̀b��mỲ]m{{|�Z_nbYaZ��\̀�m{ab�c\{{|�]_̀Z}Ym̀Z�]nZma�cYb̂ �~|�Y]n�]c�_b̀��b̀̀b̂ �\���y�}bzZY_m_�Z�m��Ybm�~Zau�]_��mỲ]�\{mY�̀~baZ�Ybb̀Zn�]_�̀~Z�c\_nm̂Z_̀m{�Y]}~̀a��maZn�a|àẐ �̀~]_�]_}�̂Z̀~bna�bc��m{\Z��Z_a]̀]zZ��Za]}_x��_{|�̀~Yb\}~�\_nZYàm_n]_}u�m_n��maZn�b_�̀~m̀�{b_}�̀ZŶ��Yb�Zaau�]̀ZYm̀]zZ{|�Zzm{\m̀]_}�̀~Z�Y]a�a�bc��]nZa�m{Z�ab�]Z̀m{�\�̀m�Z�bc��yu��m_�nẐb�Ym̀]�m{{|�Z{Z�̀Zn��\�{]��bc��]m{a�~Z{��Ẑ�b�ZY��]̀]�Z_a�̀b�m�nZ}YZZ�̀~m̀�m{{b�a�̀~Ẑ�b̀�{ZzZYm}Z�n]}]̀m{�̀Z�~_b{b}|�cbY�ab�]Z̀m{�}bbn�]_�}{b�m{{|��b_̀ZàZn�n]}]̀m{�Z�ba|àẐax����������������� ¡ � ¢� £�y�¤¥�¦���¤]}~�{ZzZ{����ZỲ�¦Yb\��b_��Ỳ]��]m{�y_̀Z{{]}Z_�Zx�§�̀~]�a�}\]nZ{]_Za�cbY�̀Y\à�bỲ~|��ÿx�©eqoªjgh�«offsrrsohu�¬���Y]{�®�̄°m±�²���ZaaZn�b_³�¯́x�µx®�®®¶� ~̀̀�a³··Z�xZ\Yb�mxZ\·n]}]̀m{�a]_}{Z�̂mY�Z̀·Z_·_Z�a·Z̀~]�a�}\]nZ{]_Za�̀Y\à�bỲ~|�m]�y�¤¥�¦���¤]}~�{ZzZ{����ZỲ�¦Yb\��b_��Ỳ]��]m{�y_̀Z{{]}Z_�Zx�§̧b{]�|�m_n�]_zZà̂ Z_̀�YZ�b̂ Ẑ_nm̀]b_a�cbY�̀Y\à�bỲ~|��Ỳ]��]m{�y_̀Z{{]}Z_�Z̈x�©eqoªjgh�«offsrrsohu�¬���Y]{�®�̄°�±�²���ZaaZn�b_³�̄ x́�µx®�®®¶�~̀ �̀a³··n]}]̀m{�àYm̀Z}|xZ�xZ\Yb�mxZ\·Z_·{]�YmY|·�b{]�|�m_n�]_zZà̂ Z_̀�YZ�b̂ Ẑ_nm̀]b_a�̀Y\à�bỲ~|�mỲ]��]m{�]_̀Z{{]}Z_�Z�{̀�]��ZYu��]{̂m__x�§y_̀ZY_m̀]b_m{�¥Z}m{���~b{mYa~]��m_n�̀~Z��~m{{Z_}Z�bc��]}]̀m{]�m̀]b_̈x�«dshjrj�¹oeqhgw�oº�»htjqhgtsohgw�¼g½u�zb{x�̄u�_x¾�®�¬®�̄°±u��x�®̄¿�®À�u���y³�~̀̀�a³··nb]xbY}·̄�x̄�°µ·�~]_ZaZ�]{·�̂��̄®�
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KLMNLNOP	KQRSTLURV	TLU	WRVXYZ[RP	\TLRQ]	̂\V_̀MaNVMbc	Kd	T̀	T	e_M_VR	fVXORV	gNV	hNZiRMXMXORLR̀̀	TLU	jNkXTQ	hbTLlRm]	dLn	\VNXMXoNP	fTOXUp	WRVXYZ[RP	\TLRQp	UR	QT	q_TVUXTP	rXkTVUN	sTVMtL	TLU	uvVRw	jxLkbRwP	q_XQQRVZN	y]	zRÙ]{]	|}~	��	��	�}~	����	�~�����	�}���~��~�	���	�����������~�	���	�}~	�����~��	���~�������P	hbTZn	jiVXLlRVP	i]	�������P	f�dn	bMMìn��UNX]NVl���]���������������������� �¡TYTVU¢XROT	£LlRQ¤VRYMP	KLMNLXLTp	¥RX¢NLP	WTVXLp	sXkbTQ̀YXP	KLLT	TLU	�SRQbRXZP	¥TV̀	z����{]	̂¦bTM	fNR̀	MbR	\RkbLNQNlXkTQ	jbXgM	§TOR	XL	jMNVR	gNV	MbR	£̈ ©	�iiNVM_LXMXR̀	TLU	uXMgTQQ̀	gNV	£_VNiRTL	jNkXRMXR̀m]	dLn	£LlRQ¤VRYMP	KLMNLXLT	¡TYTVU¢XROT	~�	��ª	zRÙ]{]	|}~	�����~��	�����	���	�}~	|~«}������	¬}���]	hbTZn	jiVXLlRV	TM_VRP	����P	i]����]¡ǸMVNZP	XkY]	¬��~����~����~�«~®	̄��}�°	����~��°	�����~��~�ª	�SgNVUn	�SgNVU	L̈XORV̀XMc	uVR̀̀P	����]¡VTUgNVUP	KL_]	|}~	±����~��	~��~«�®	²�³	�}~	�����~��	�����	���~�	�}~	³����]	�SgNVUn	�SgNVU	̈LXORV̀XMc	uVR̀̀P	����T]¡VTUgNVUP	KL_]	̂\bR	¡V_̀̀RQ̀	£ggRkM	hNZR̀	gNV	¡Xl	\Rkbm]	̄��́~«�	¬����«��~P	z��	fRkRZ¤RV	����¤{	µKkkR̀̀RU	NLn	��]��]����¶	bMMìn��aaa]iVN¢RkM�c̀LUXkTMR]NVl�kNZZRLMTVc�R_�UXlXMTQ�̀RVOXkR̀�TLU�ZTVYRM̀�VRl_QTMXNL̀�NL�¤Xl�MRkb�¤c�TL_�¤VTUgNVU��������¡VcL¢NQg̀̀NLP	£VXY	TLU	skKgRRP	KLUVRa]	̂¦bTM·̀	fVXOXLl	MbR	sTkbXLR	¥RTVLXLl	£SiQǸXNL©m]	²��̧���	±����~��	¹~̧�~³P	��	º_Qc	����	µKkkR̀̀RU	NLn	��]��]����¶	bMMìn��b¤V]NVl���������abTM̀�UVXOXLl�MbR�ZTkbXLR�QRTVLXLl�RSiQǸXNL¡_XMRLP	sXVXTZ]	̂\NaTVÙ	dLMRQQXlRLM	rRl_QTMXNL	Ng	KVMX»kXTQ	dLMRQQXlRLkRm]	�����~��	¼������	��	¹��½	¹~��������P	ONQ]	��P	L]¾�	z����{P	i]	�����]	f�dn	bMMìn��UNX]NVl���]�����RVV]����]�¡_MkbRVP	ºTZR̀	TLU	¡RVXUwRP	dVTYQX]	̂¦bTM	d̀	MbR	jMTMR	Ng	KVMX»kXTQ	dLMRQQXlRLkR	qNORVLTLkR	qQN¤TQQc©m]	|}~	¹�¬�	¼������P	ONQ]	��P	L]¾	�¿	z����{P	i]	��¿�]	f�dn	bMMìn��UNX]NVl���]�������������]����]�����hTQkTVTP	KLMNLXNp	h̀RVLTMNLXP	rTQ_kT	TLU	¥TOTQQvRP	hbTLMTQ	zRÙ]{]	�À~�����	¬~«�����	|~«}������~�	���	��	Á�̧~����«~®	Â«����°	̄��«��«~�	���	̄��«~��~�ª	¥NLUNLn	rN_MQRUlRP	����]hbX_̀XP	eT¤XNp	eX̀kbRVP	jTVTbp	WTc̀RV�¡VXQP	XkNQT̀	TLU	jiXRQYTZiP	sTMMbXT̀]	K̂_MNZTMXLl	jNkXRMc	rRiNVM	����m]	Â������}À	Ã��«}	z��	jRiMRZ¤RV	����{	µKkkR̀̀RU	NLn	��]��]����¶	bMMìn��T_MNZTMXLl̀NkXRMc]TQlNVXMbZaTMkb]NVl�ai�kNLMRLM�_iQNTÙ���������K_MNZTMXLl�jNkXRMc�rRiNVM�����]iUghNZZX̀̀XNL	NL	qQN¤TQ	qNORVLTLkR]	���	Á��Ä��	Å~��}Ä���}���®	|}~	¹~����	��	�}~	��ÀÀ������	��	Á��Ä��	Á�̧~����«~]	�SgNVUn	�SgNVU	̈LXORV̀XMc	uVR̀̀P	����]hNaQ̀P	ºǸbp	\̀TZTUǸP	KLUVRT̀p	\TUURNP	sTVXTVǸTVXT	TLU	eQNVXUXP	¥_kXTLN]	̂K	UR»LXMXNLP	¤RLkbZTVY	TLU	UTMT¤T̀R	Ng	Kd	gNV	̀NkXTQ	lNNU	XLXMXTMXOR̀m]	Å����~	
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YZ[\]̂_�̀̂ a_bb]c_̂[_d�efgh�id�jhk���l�m�nod�ph�nnnqnnrh�stuv�wxxpyvzz{f|hf}~znmhnmi�zy���r�qm�nqmm���qms��f�d��gg�jh���u�~fe�}j�j��v���}�y��}�w��~�j{��h����_�̂Ẑ[_�����̀����c�Z�����a��_�������Ẑ]a��̀̂�a]a�a_d�l�����~�yx��mn�o������yy�{�fjv�nrhmih�m����wxxpyvzz���h�w|hf�h��h��z�pq�fjx�jxz�pgf�{yz�fe�uq�~�j{�hp{�s�x���xw|�y� f¡¡|yy|fj�f��xw�����}¡�j��¢�{�}�g��fe�}j¡�jxh��tp|j|fj�f��xw��s�x���xw|�y� f¡¡|yy|fj�h�£¤¥��ls���¡¦�}��mn�o������yy�{�fjv�nrhmih�m����wxxpyvzz���h¦¡§eh{�z̈w�}�{sf�yzsf�jgf�{yzs�z©w�¡�jz¢f��yxw�¡�jz��x��wx�jªs�«ª�¬ªg�j~hp{�ªª¦gf¦®p�¦g|��x|fj¢|g�̄e®is|~j�¡d�°|}~|j|�h�±_�²�̂�]³b_�Z�a]́[]Zb�]̂a_bb]c_̂[_µ�\�¶�a��·_�_b�²�Ẑ·���_��̀�]̂�Z��_�²�̂�]³b_�¶Z�h� w�¡v�̈p}|j~�}�¬�x�}�d��mn�h�¦�}yd�̧ �}x|jh��¹|�¦|g|xº��f}��}x|»�|�g�ujx�gg|~�j����j{��¼� fjy�¡�}�¹���h�½���̂Zb����̀̂a_bb_[a�Zb����²_�a���̀̂����Za]�̂�¾_[\̂�b�c��Ẑ·�¤b_[a��̂][�¿���_�[_�ÀZ¶d�efgh�n�d�jhk���l�m�nod�ph��m�Á��mh�¼� f¡¡|yy|fjh���}x|»�|�g�ujx�gg|~�j����f}���}fp��h�¤¿d� ţ z�mn�z�i��»j�g�l�r��p}|g��mn��o������yy�{�fjv�nrhmih�m����wxxpyvzz��}qg��h��}fp�h��zg�~�gq�fjx�jxz�¬z©Â©z�}|® ţ Ãi��mn�Ãi��i�Ãi�¢u¬�¼� f¡¡|yy|fjh�� ff}{|j�x�{�Äg�j�fj��}x|»�|�g�ujx�gg|~�j���h�¤¿d� ţ z�mn�z��r�»j�g�l��s���¡¦�}��mn�¦o������yy�{�fjv�nrhmih�m����wxxpyvzz��}qg��h��}fp�h��zg�~�gq�fjx�jxz�¬z©Â©z�}|® �¹�ÂÃi�r�mn�s m��r�¼� f¡¡|yy|fjh����}fp��j�Åw|x��Ä�p�}�fj��}x|»�|�g�ujx�gg|~�j��v�����}fp��j��pp}f��w�xf�����gg�j����j{�x}�yx�h�¤¿d� ţ l�m�mo��r�»j�g�ln��¢�¦}��}º��m�mo������yy�{�fjv�nrhmih�m����wxxpyvzz��h��}fp�h��z|j�fz»g�yz�w|x�qp�p�}q�}x|»�|�gq|jx�gg|~�j��q��}fp��jq�pp}f��wq����gg�j��q�j{qx}�yxª�j�¼� f¡¡|yy|fjh������}fp��»x��f}�xw��{|~|x�g��~��h�¿¤d�l��̧�}�w��m�n�o������yy�{�fjv�nrhmih�m����wxxpyvzz��h��}fp�h��z|j�fzyx}�x�~ºzp}|f}|x|�yq�mn�q�m��z��}fp�q»xq{|~|x�gq�~�ª�j�¼� f¡¡|yy|fjh��¢fyx�}|j~�����}fp��j��pp}f��w�xf��}x|»�|�g�ujx�gg|~�j���h�¤¿d�¿ÆYz�m�nz�mr�»j�g�l�n��p}|g��m�n¦o������yy�{�fjv�nrhmih�m����wxxpyvzz��}qg��h��}fp�h��zg�~�gq�fjx�jxz�¬z©Â©z�}|® ţ v�m�nv�mrv¢u¬̄ Ç|{®n�n�irr����n��¼� f¡¡|yy|fjh��Ä}fpfy�g��f}���È�~�g�x|fj�f��xw����}fp��j�Ä�}g|�¡�jx��j{�f��xw�� f�j�|g�¹�º|j~�sf�j�É�}¡fj|y�{�È�g�y�fj��}x|»�|�g�ujx�gg|~�j���l�}x|»�|�g�ujx�gg|~�j�����xo��j{��¡�j{|j~� �}x�|j�¼j|fj�¹�~|yg�x|e����xy�h�¤¿d� ţ �l�m�no��m��l�n��p}|g��m�n�o������yy�{�fjv�nrhmih�m����wxxpyvzz��}qg��h��}fp�h��zg�~�gq�fjx�jxz�¬z©Â©z�}|® �¹�ÂÃi�r�m�nÄ m�m��¼� f¡¡|yy|fjh��È�~�g�xf}º��}�¡��f}��p}fpfy�g�fj��}x|»�|�g�ujx�gg|~�j����lin���~�yx��m�n{o������yy�{�fjv�nrhmih�m����wxxpyvzz{|~|x�gqyx}�x�~ºh��h��}fp�h��z�jzpfg|�|�yz}�~�g�xf}ºq�}�¡��f}�q�|
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KLMNOPOQ	RSTOUVM	WX	YZ[	\]̂_̀aMbLac]V	defOTUL	KNUgahMNi	jMN	U	kMMP	]̂	lMTOaemn	obbMNeSVOeOapQ	qOpipQ	̀NOVTObLapQ	UVP	qaTMggaVPUeOMVpr[	stuvw	Yuv	sYxytuWwQ	zML[	{|Q	V[}	_	~{��|�Q	b[	|�����Q	�ôn	feebpn��PMO[MN����[�����p���{����|��_|{��kUNpMVQ	kaMN�a	�[	���Ztx	tu����YXt�u	XWxyu�Z���	Yuv	W����W�uYuxW�	sYuY�tu�	XyW	�t�X�YZ	wXYXW[	�SNLOV�eMVn	�MVap	�	�UNeLaee	RaUNVOV�Q	{��[kUppaNQ	�Np	UVP	]LgaOPUQ	�ON�OLOM	]K[	\]	RUmaNaP	�MPaL	jMN	]̂	kMzaNVUVTar[	����	�uXW�uWX	�����Xtu�Q	zML[	{�Q	V[}	~{����Q	b[	�|�{Q	�ôn	feebpn��PMO[MN����[������  ̂[{���[_�|�|��¡UgSL¢iQ	oVPNa£[	\RU	TUNeU	Pa	LMp	PaNaTfMp	jSVPUgaVeULap	Pa	LU	SVOMV	aSNMbaU	m	LMp	PaNaTfMp	pMTOULapr[	�wX�vt�w	x�uwXtX�xt�uYZWwQ	zML[	�Q	V[}�	~{��|�Q	b[	����|Q	�ôn	feebn��P¤[PMO[MN����[_���l���|��{��{��|��������	V̂peOeSea	Mj	dLaTeNOTUL	UVP	dLaTeNMVOTp	dV�OVaaNp	~̂ddd�[	\defOTULLm	]LO�VaP	�apO�Vn	]	�OpOMV	jMN	̀NOMNOeO¥OV�	¡SgUV	¦aLL�§aOV�	hOef	]SeMVMgMSp	UVP	V̂eaLLO�aVe	lmpeagpr[	����Q	~��	�UNTf	{����	̈]TTappaP	MVn	��[��[{�{{©	feebpn��Oaaa¤bLMNa[Oaaa[MN��paNzLae�MbUTªbSVSg§aN«���|��V̂eaNVUeOMVUL	¬aLaTMggSVOTUeOMV	�VOMV	~̂¬��[	\�aUpSNOV�	efa	̂VjMNgUeOMV	lMTOaem	qabMNe	{���r[	®Q	~{����	̈]TTappaP	MVn	��[��[{�{{©	feebpn��hhh[OeS[OVe�aV�̂¬����leUeOpeOTp�̀U�ap�bS§LOTUeOMVp�gOp{���[Upb¤V̂eaNVUeOMVUL	¬aLaTMggSVOTUeOMV	�VOMV	~̂¬��[	\]̂	jMN	kMMPr[	®Q	~{�{��	]̈TTappaP	MVn	��[��[{�{{©	feebpn��UOjMN�MMP[OeS[OVe�U§MSe�Ūe¥aV§UTfQ	 fNOpeOUV	UVP	�L§NOTfeQ	RaVU[	\]L�MNOefgOT	�MzaNVUVTar[	�uXW�uWX	��Ztx�	°W�tW±²	zML[	_Q	V[}	|	~{����[	�ôn	feebpn��PMO[MN����[�_���{���[_[�_{_āLLmQ	̄azOV[	³yW	tuW�tXY�ZW�	uvW�wXYuvtu�	XyW	́µ	XWxyu�Z��txYZ	���xWw	XyYX	±tZZ	wyY�W	���	��X��W[	¶ah	·MNin	�OiOV�	̀NappQ	{��[āeeagUVVQ	�UeefOUp	 [	³yW	u���YXt�W	��vW�	��	XyW	tuXW�uWX�	̧	XyW���	��	��ZW	Yuv	�W��ZYXt�u	�uZtuW[	o¤jMNPn	o¤jMNP	�VOzaNpOem	̀NappQ	{�{�[M̄fLaN�̄MTfQ	�aUea	UVP	qOee§aN�aNQ	�aNefMLP[	\qazOah	]NeOTLan	¬fa	kMzaNVUVTa	¬SNV	OV	d�	leSPOapr[	¹���uYZ	��	�����u	sY�ºWX	»X�vtWwQ	zML[	__Q	~{���Q	b[	{����Q	�ôn	feebpn��PMO[MN����[�����£[�_|����[{��[��_{[¤RUV�jMNPQ	�ULTMLg[	\¬UgOV�	efa	PO�OeUL	LazOUefUVn	]SeMgUeaP	PaTOpOMV�gUiOV�	UVP	OVeaNVUeOMVUL	fSgUV	NO�fepr[	̧�W�txYu	¹���uYZ	��	�uXW�uYXt�uYZ	¼Y±Q	zML[	��_Q	~{�{��Q	b[	�_���_Q	�ôn	feebpn��PMO[MN����[�����U£S[{�{�[��RUNppMVQ	leajUV[	\¬fa	lMTOM�Ra�UL	qaLazUVTa	Mj	]NeO½TOUL	̂VeaLLO�aVTar[	¾��tX	WX	w�xt¿X¿Q	zML[	���Q	V[}	�	~{����Q	b[	�������Q	�ôn	feebpn��PMO[MN����[�����PNp�[���[����RUNppMVQ	leajUV[	\]̂	OV	efa	d�n	defOTUL	kSOPaLOVap	Up	U	kMzaNVUVTa	¬MML[	¦fm	defOTp	kSOPaLOVapªr[	̂Vn	�UiUNP£OazU	dV�aL§NaieQ	]VeMVOVUÀ	RaO£MVQ	̄UNOVÀ	�OTfULpiOQ	]VVU	UVP	o¤aLfaOgQ	RUNp	~aPp[�[	³yW	�����WYu	ut�u	Yuv	XyW	³Wxyu�Z���	»yt�XÁ	 fUgn	lbNOV�aNQ	{�{�Q	b[	|�����[
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YZ[\]̂_�̀abcde�fghijklkmn�ojp�qrklosq]̂e�̀Ztuvbwxdy�̀Ztuvbwxd�ẑbcdv\b{|�}vd\\_�~���eYd\\bx_�YZ[vd̂�de��kpg�ojp��sig���o�r�k���n�g�r�ohge��d[��]v�y��Z\b���]]�\_�����e��vvZ|_��̂wvd[e���Za��Z{��b�{���̂ �̂Za��e�èe��\\dv�Yd�{�vd�]̂�YZ[�Ẑw���tẐ��xd̂�|�b̂�{�d��btd�]���v{b��bZa��̂{daabxd̂�d�e��jj�ol�f� �����rrg���ghs��g�~�~�_�¡~���]cdtudv�~�~�¢�£���d\\dw�]̂y��¤e�¥e~�~~¦��{{§\ÿ̈[[[eZ\\dvêäẐ �̂Za©ad�{�vd̈Ẑ �̂Za©{t�©Z\\dv©ad�{�vd©~�~�̈�dtb{ª_�}Z�a�Ẑw�}�d��dv_��Z{{�bZ\e�«�qj¬q�� gjrhi� ohis®�̄�gqigqs��jp�°g±k²�osqg�q±�³gqsolsg��pg��́µjrslqhigj�¶jsgllqmgj¬e��]̂ ŷ�·bd{ª_�~�~�ev̧xẐb\Z{b]̂��]v�¹�]̂]tb��̀]©]§dvZ{b]̂�Ẑw�·dcda]§td̂{�¡̧¹̀ ·¢e���Z{b]̂Za����§]ab�bd\�Ẑw�\{vZ{dxbd\�e��º�°���¶�«klqhn���rg�»osk�n�¡�d§{dtudv�~�~�¢�£���d\\dwy��¤e�¥e~�~~¦��{{§\ÿ̈[[[e]d�weZb̈wZ\�u]Zvw\}bdvvd_�¼]̂�Ẑw�}d{dv\_�½�|e��p»ojhgp�¶js�kp�hsqkj�sk�¾k»g�jojhge�̀�da{d̂�Zty�¹w[Zvw�¹axZv�}�uab\�b̂x_�~�~�e}]�ad_�¼�abZ�Ẑw���bda_���]v\{d̂e��·bxb{Za�\]cdvdbx̂{|�e�¶jsg�jgs�«klqhn�¿g»qg�_�c]ae��_�̂eÀ�Á�¡~�~�¢_�§e��©��e�·̧ �y��{{§\ÿ̈w]be]vẍ��e����¥̈~�~�e�e�¤¥~ÂZ�[Ẑ_��a|Zwe���]�bd{|©b̂©{�d©a]]§y�§v]xvZttb̂x�{�d�Zax]vb{�tb��\]�bZa��]̂{vZ�{�e�ºsiqhr�ojp�¶j�k�±osqkj�fghijklkmn_�c]ae�~��¡~��Ã¢_�§e�¤Ä��_�·̧ �y��{{§\ÿ̈w]be]vẍ��e�Ã¤¤�̈ZvÅbce����e��~¥~Â�]wd\_�Â]wdvb��e����d��d[�½]cdv̂Ẑ�dy�½]cdv̂b̂x�Æb{�]�{�½]cdv̂td̂{�e�«klqsqhol�Çs�pqgr_�c]ae���_�̂eÀ���¡����¢_�§e��¤~©���_�·̧ �y��{{§\ÿ̈w]be]vẍ��e����̈Èe����©�~�Ãe����e{u�����e�Â�\\daa_��{�Zv{�Ẑw��]vcbx_�}d{dv�¡dw\e¢e���sqÉhqol�¶jsgllqmgjhg��� kpg�j�����kohie�Y]̂w]̂y�}dZv\]̂_�~���e���tb{{_��b��Zda��e�follqjj� oj�ol�Ê�Ë�kj�sig�¶jsg�josqkjol��o�����lqho�lg�sk��n�g����g�osqkjr��̀Ztuvbwxdy�̀Ztuvbwxd�ẑbcdv\b{|�}vd\\_�~���e��]{{_��Zv��\Ì�}d{v]§]�a]\_�½d]vxb]\�Ẑw��d�̂x_��bt]{�|e��̀]̂{vbu�{b]̂�{]�xv][{�y���d�¹�v]§dẐ�·bxb{Za��b̂xad��Zv�d{e�·dabcdvb̂x�d�]̂]tb��ud̂d�{\�{]��b{bªd̂\�Ẑw�u�\b̂d\\d\�e�º��k�goj�«o�lqo±gjs_�}¹��¥�e����¡¼Ẑ�Zv|�~���¢�£���d\\dw�]̂��¤e�¥e~�~~¦��{{§\ÿ̈[[[euv�dxdae]vẍ[§©�]̂{d̂{̈�§a]Zw\̈~���̈�~̈�}̧ YÍ��z~����¥����Í¹�e§w��t��Z_��Z{�Zabde���d|]̂w�Z���tẐ�vbx�{\©uZ\dw�Z§§v]Z���{]����x]cdv̂Ẑ�dy�}v]tb\d_�§b{�Zaa\_�§adZ�e�«iqlkrk�in�ojp�fghijklkmn®�c]ae�¥�_�¡~�~�¢_�§e���©���_�·̧ �y��{{§\ÿ̈w]be]vẍ��e����̈\�¥¥��©�~�©����¥©[�t��Z_��Z{�ZabdÌ���tdw©Âd̂xdv\_�¹ttZÌ��Zv�d̂\_��wZtÌ�Yb_�Æda]̂xÌ��Z�YZvd̂_�¼Ztd\Ì�}b\dab_�Âb�Zvw]�Ẑw��d�̂x_�ÎZvd̂e���][�{�d�¹z�̀Ẑ����bdcd�YdxZaa|��v�\{[]v{�|���y���Âd\§]̂\d�{]�{�d�¹�v]§dẐ�̀]ttb\\b]̂Ï\�}v]§]\Za��]v�Ẑ��v{b��bZa��̂{daabxd̂�d���{�e�ÇÇ¿Ð�ºlghs�kjqh�Ñk��jol_�¡~�~�¢_�§e��©¤�e
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KLMNOLPOQ	RSLTU	VWXYMSZLZ[M	X\	LS]N̂[NL_	NZ]M__NPMZ[M̀U	abcdef	ghi	jbedklfQ	YX_U	mnQ	ZUo	p	qpnprsQ	tU	ruvwr�vQ	xyz{	O]]t|{}}~XNUXSP}rnUrn�n}rmm�mnu�UpnprUr�p�uvvKOMX~XSX�Q	RZ~SML|	LZ~	xNPZ��Q	�NSPNZNLU	VKX�LS~|	M]ON[L_	LZ~	|X[NXw_MPL_	PXYMSZLZ[M	NZ	Rz̀U	�gl��k	�ge�dhk	�hlkccd�khekQ	YX_U	pQ	ZUo	r	qpnpnsQ	tU	rnwrpQ	xyz{	O]]t|{}}~XNUXSP}rnUrnu�}|mpp�wnr�wnruw�KSXN]N�XQ	xLYN~	�L�NSX	LZ~	�MSN���MQ	KLZM_U	V��SXtM	\L[NZP	]OM	~NPN]L_	[OL__MZPM{	X�|]L[_M|	LZ~	|X_�]NXZ|̀U	��a�	�k�d�lg	ik	�hlk�hkl�	�k�ke�b	f	abc�ldegQ	ZU�	um	qpnprsQ	tU	rwuQ	xyz{	O]]t|{}}~XNUXSP}rnUvpu�}N~tUYnNumUu�uurn���SM__XQ	�]MYMZU	V�XZ[Mt]�L_NTNZP	�X_N[�	NZ	�L_�M	�MZ|N]NYM	xM|NPZ{	R	 L[ONZM	�]ON[|	RttSXL[ÒU	zZ{	KOX�t|XZQ	�]MYMZ	¡XOZ	qM~UsU	�ge�dhk	¢g£�	¤l�de��	ghi	�b�gcdlf	dh	l�k	¥�k	b¦	¥�ld§edgc	�hlkccd�khekQ	̈MS|OM�{	zWz	W_X�L_Q	pnprQ	tU	rn�wrp�U���SM__XQ	�]MYMZU	VKOM	�X_M	X\	�ZPNZMMS|	NZ	̈LS�XZN|NZP	̈��LZ	�L_�M|	\XS	Rz	��|]M�|	xM|NPZ̀U	©b��hgc	b¦	�k�ªbh�d«ck	¬ke�hbcb�fQ	YX_U	rnQ	qpnppsQ	tU	rwrnQ	xyz{	O]]t|{}}~XNUXSP}rnUrnr}US]UpnppUrnnnur���SM__XQ	�]MYMZ	LZ~	�LZ	~M	�XM_Q	z�XU	® LttNZP	YL_�M	|MZ|N]NYM	~M|NPZ	XZ]X	Rz	\XS	|X[NL_	PXX~	tSNZ[Nt_M|̄U	¥�	ghi	¤l�de�Q	YX_U	rQ	ZUo	u	qpnprsQ	tU	p�uwp�Q	xyz{		O]]t|{}}~XNUXSP}rnUrnnv}|mu�rwnprwnnnu�wu�LZ	~M	�XM_Q	z�XU	V���M~~NZP	YL_�M|	NZ	LS]N̂[NL_	NZ]M__NPMZ[M	qRzs	|�|]M�|̀U	�dhi�	ghi	�ge�dhk�Q	YX_U	unQ	ZU�	u	qpnpnsQ	tU	u��wmn�Q	xyz{	O]]t|{}}~XNUXSP}rnUrnnv}|rrnpuwnpnwn��uvwm�LZ	~MZ	̈XYMZQ	¡MSX�MU	V�]ON[|	\XS	]OM	xNPN]L_	RPM{	°OMSM	RSM	]OM	 XSL_	�tM[|±	²	�L_�M	�MZ|N]NYM	xM|NPZ	LZ~	�M|tXZ|N�_M	zZZXYL]NXZ̀U	zZ{	°MS]OZMSQ	L̈ZZM|	LZ~	YLZ	̈LS�M_MZQ	³SLZ�	qM~|UsU	�h¦b�́glde�	dh	l�k	µ�l��kU	�OL�{	�tSNZPMSQ	pnrvQ	tU	�wvU�LZ	�X�Q	�NZ[MZ]¶	�X|M]]NQ	³NL��M]]L¶	�MS|M]Q	�LSNZM	LZ~	WL_NZ~Xw�X�MSXQ	·L�SLU	VRz	°L][O	w	̧L]NXZL_	|]SL]MPNM|	XZ	RS]N̂[NL_	zZ]M__NPMZ[M{	R	��SXtMLZ	tMS|tM[]NYM̀U	¤��bªkgh	¹hdbhQ	¡��rpp�m	q¡�ZM	pnprs	ºR[[M||M~	XZ{	r�UnuUpnpp»	 O]]t|{}}t��_N[L]NXZ|US[UM[UM�SXtLUM�}SMtX|N]XS�}OLZ~_M}¡��rr��vm�XZ	�X_�|Q	¼L|NM	LZ~	YXZ	�X_�|Q	�X||X��U	V���MS|M[�SN]�	LZ~	NZ\XS�L]NXZ	|M[�SN]�²�OL]	PXM|	�OMSM±̀U	�h¦b�́gldbh	ghi	½b́ª�lk�	jke��dlf�	YX_U	pQ	ZUo	r	qpnr�sQ	tU	pw�Q	xyz{	O]]t|{}}~XNUXSP}rnUrrn�}z��wnmwpnrvwnnp�¾N[LSNQ	�X�MS]X	�U	kl	gcU	V�Xw~M|NPZ	X\	L	]S�|]�XS]O�	Rz	|�|]M�	NZ	OML_]O[LSM{	xMMt	_MLSZNZP	�L|M~	|�NZ	_M|NXZ	[_L||N̂MS̀U	µ�bhldk��	dh	¿�́ gh	�fhǵde�Q	YX_U	uQ	qpnprsQ	tU	rwpnQ	xyz{	O]]t|{}}~XNUXSP}rnUuu��}\O��~UpnprU��r�p¾��X\\Q	�OX|OLZLU	¬�k	¥�k	b¦	j���kdccghek	½gªdlgcd�́À	¬�k	µd��l	¦b�	g	¿�́gh	µ�l��k	gl	l�k	�k£	µ�bhldk�	b¦	ab£k�U	·XZ~XZ{	�SX̂_M	¼XX�|Q	pnr�U
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Publication IV  
2.5 Kerikmäe, T., Nyman Metcalf, K., Hoffmann, T., Minn, M., Liiv, I., Taveter, K.,  
Shumilo, O., Solarte, C. & Antonov, A. (2019). 1st Report on Legal Framework and 
Analysis Related to Autonomous Intelligent Technologies. In Riigikantselei (pp. 1−11).  
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��������������� !����� �"#���$���%�� �����$� �������������%���&���!����'������(�)���$����!�' ����*���� ��+,��������'��%���-��� ������##�"�$��� ���%�.����������'����' �$��' ��# "�/��. �0�.�$$ ���(1��2%���#&���"�����% ����%��3��#'�4��#�%�5�0�� 6�� ����#���*��# �%�'����� ��!������ �� $�� �' $�� �0���$��'�% 0%�!���#��$������ �$#�' �0����#�����78�"���#� �"�$� ���� ��9���*�� ��+,�����#�%��0%�.�$$ ��� ���*��. '����""�$� .��*����$� ����0� �����%��' �����(1+�3������������#�������%�.���%�� ����� �������%�����$����#�# ������������%�����##:���$� �����'��%��!���#������������ ���% ��*��� $�#���$�������.���%�#���� ����00������%��!�0� ��'���"� !*�$���"���*����� �##&��""�$� .��$�!*� 0���&����##�����!�� *�#�����%��*�*�#�� ��� ������#"/%��! �0���%�. ������������������ �� ����"�� �0�� �%��%�� �����$� �������������%����$ ��&���'�$�!*���� 6�'��&���!���� �%����'�0��' �0��%��"��$� �� �0��"��%�����&���!�(�;<;�=>?@ABC� @� D>ECFGHFEDFCIJ@CFB� @KKA>@DL� M>�DNJFACFDHAOMN�OE�MLF�PQ�R%��9S:��$&�����$�� �&��""�����������%�#����"#�$����$�!*��%��� .����'������' �0���'��**���$%��%���.��� ��%��������$%���$��� 6�'��&�$�!!������������"��0!����'����'�*��$%����(17�R%��9S�%�����$���#&����$%�'���*�# � $�#��0���!��������%��T&�����$�� �&�)$���%���� 0� " �����0#���#�#��'!���� ��$&�����$�� �&�#�0 �#�� ��(1U�)�� $#��+�V�W��"��%��V�� ##W�'��"��'�" ����$&�����$�� �&�"����%��*��*������"��%����0�#�� ������X�##��$� . � �����$�����&����*����$������������'� �"��!�� ����&���!����1���4���&�'��Y�����. ##���X4���-��� ������##�"�$��� ������'�R� ��������' �$��' ��# "�/��. �0�.�$$ ���Z��[\]�[]̂]_̀ab\���7(�,(+,��(�5�# �����c�%��*�cdd���(��#�0��*%($�(���d����d,d �� '�/����&/���� ��/���##/"�$��� ��/�� �0/�� ����/' �$��' �d(�1+��3��#'�4��#�%�5�0�� 6�� ���-�0 ���#�5"" $��"���9���*���Xe���#���$�����% ����$��'�% 0%� ���%��9���*����-�0 ��Z��+,(,�(+,��(�5�# �����c�%��*cdd���(����(�%�( ��d��d�!�' �/$�����d��$� ���d*����/��#�����d+,��d!���#��/$����/% �/��$��'/% 0%/ �/�%�/����*���/��0 ��(�17��e�� ��f��6 ��g��$�''���Xg��$% �0��%��g��%$%����c��**�� � �0��%��9S���0�#����&�"��!���������$&�����$�� �&�����$%��Z��hijbkl]̀�man�aop�q]rk̀slt�u]vs]nw�7U��+,����**(�,88/�,x�(�1U�9���*����T�!! �� ����X9S���0�� �������0������������0�%�� �0�9���*�:��$&�����$�� �&Z�� ��(�+(+,��(� 5�# ��� ��c� %��*�cdd�$(����*�(��d$�!! �� ��d�����d$&�����$�� �&/�$�/+,��/'�$/��y��(�
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�������������������� �������!"��"#�$"�%� ��"&�"�$��"�'��#�! ��!��!"�"���"�� ��"� �����( ��������#�)����"�*+,�-#� �����!������"��!"����"����� ��("�.""��� ��"�%������!"�/�� �������� �)��� ���%��")��.��������������#%��������"�'��������������� ��#�0�"��� ����( �������������!"��%��")�'��#�! ��!��!"����"����%��������!"������%� ���!"��"�$��"�����������.���� �������##%�� )�� )��"�'������%��")��� �#���"�� �)��!"��������� ���1�������("� �"��!"����� $"�%� ���!"�$�#�"��(�#��%*�-����'��������"����� ���%�)"����"�/�� ��������! ����"��(# �2"��������#��"��������"�� ��3+������45������'����������"��� ������"��! �"��"�� ��6��"��������"�������'�.! ��""���!"���45�������� ���!"���. �2'����!����� �� ��'�1�����"� ������#�'���$�#��"�$����'�"��*+7�8!"�/�� �����#"�� ���#"���"���! .��!������ �&�����"���������"��"���������������������'�� )����(#"�� ��!��� ����������"��*��8!"��"������ �� ���%("��"�����%�����!"�������9%("��"�����%�-����"� ���"��.��!��!"��"�$��"& ��"��"������ ��!� ��: #)������;�"2"�2*3��4��� $"����"�!����#������ �&�"�!����#�����$���"�'�! ."$"������!"��(�"��"� �����#"����"������ �� ���%("��"�����%��������������#��� ��"$��"�#"��#��"����� ���!"����� �"�� ���"�"�)��������"���"#%�.!�������$���"��. �#����##���� ��!"��( $"����"� �%*�<!�#"������� ��� �������"�$��"���!����"�. �2��������� �)��� ���%��")���! �#���"�� �)������"#���$"#%�"���#%�("���"�����"������"�!����#��"�)�'�.!�������("�� ����"�"�������$"��"�"��"��� ����"������� �!"���"�� ������) �"��!�##"������� ���"����%���$"���!"�"��#"���.�%���%("�����"�����("���"�*�8!"����#%���� ���!"�<������%����"�!����#�"��%�� ���"��� .������ )"�!��)���!���)�%�("�� ����"�"�'��!"�"� �"��� �"���$"�)"����"����������$���"���! �#������"��'�=>?@A�BC=B'��!"�� �"����#����������#�"� � )�����)��"�'��"��"��"������ �����$��%'��"������ ��#���)��"�'��"��"��"� ������������ )���"���%��")�'��"���(�#�D��� �� ���!%����#�. �#�'������ �"����#�# ��"������ $"�"����%*���+,��8�##�����8"!��2�E#�2  #'�45&2������2�����"�F��"������'���G,*�H�#��"���I�!����IJJ...*���*""J���"�J�"���#�J��#"�J� ��"��&"��� ��J/45J��&2�����K ��"������*���*�+7��4(��*��3���:""�LM*�
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���������	�
����������
����������

����

���������������������������� ������� !��"#��$$�%�$�!" �� ��" $� ����������"���!" ��&�� !���#"�������'��"�� ���$$��#"���"!������(��)����������� �� !��"#��$$�%�$�*������$�" $� �'�� ��*�����#��&�� �$�����"����" �" ��"��� "�����+,-�#��$� %��"���*".����!��!" �� �(/01�+$$�%�$�*������$�!� �!"*��� ���##��� ��#"�*��� ��������'�!� ��� %��#�"*�!"����%��2� #�� %� %�����".����$�*����'�����2����!��� ��� #"�*���" ���$��� %��"�����"���*'�� ��!��$���3�$"�����.��!" �� �(�4�!� ��56�$�%��$���" �&��$�#��������$����$�����3�*���" ���%�*��� ���!!"**"���������������!�$��������"#���##��� ���$$�%�$�!" �� ��" $� �(�,��!�#�!�����" ����7��������% ���� �����������!�'�#"���3�*�$���*� �� %�����8���".����$�9�����,��.�!���:���!��.�/0;�� ��� �<�������=+��"#������ %�#"������$��������!�$��$�������������"�.���"2����� %��$��#"�*����.�!����"���"��!���������$�!�#�"*����*#�$�*������$�" $� �'����!��!�$$���*�"�� %�� �"�$�%���" �" ���������".�������"����$����"�!��.��*���������"���� ��#���$$�%�$��!��.����� ��!" �� ��" $� �'��$������$�"�� !"���%� %�!"2�� ����$#2��%�$���" (�+ �������" �����<"**����" ����������������!"**� ����" ��"�����"���������"$�!�(/0>�?"7�.�������56�������7� %��"*�����2$� ���� ������#��$�'��� !��!$���2!�����$���7������"�"����� ��0/@�#"��!�����7�� ����.�!����".��������.����� �� #"�*�����"����$$�%�$��!��.���'�� !$��� %�����"�$�%���" �"#��"��� %����.�!����".�������"���*".������"�����!" �� ��"�������$���!!�����"����7���� �" ���"���#�"*���!�����"#�����*".�$�"�����������������!"*���� ������"����(/0A�)������3�*�$�����*" �����������" %"� %��/01��,���#"���3�*�$��BB<����"���" �C�!��""D�#��$� %��"���*".��!��$���3�$"�����" ��*�%��������EFF777(��!(!"*F �7�F��!� "$"%�2�G/@AG�G�"��B��� ����� ���������"���" �H"������I�� �$"7� ���!��" � �"�  "��#�!���" �� ��"��� �$$�%�$� !" �� ��������EFF777(���� ���� �����(!"*F�"�����2���%��2".��21002!��  �$�2*�$$�" �2"#2.���"�2�"2�������2!��$�2�3�$"�����" 2!" !�� �2�0/G2�(�/0;�:���!��.��J56K��0/@F/@0@�"#�����5��"��� �-��$��*� ��� ��"#�����<"� !�$�"#�/1�L".�*���'��0/@'��*� �� %�:���!��.���0/0F/�F56�" �����!""��� ���" �"#�!����� ���".���" ��$�����"7 ����$�7'���%�$���" �"����*� �������.���!��" �� �9�*����,������!" !�� � %�������".���" �"#�����".����$�*��������.�!���J8���".����$�9�����,��.�!���:���!��.�K�� �.��7�"#�!�� %� %�*��D������$������-5F��F�0/@F45MF/(�/0>�<"**����" �4�!"**� ����" �"#�/�9��!�'��0/@'�" �*���������"��##�!��.�$����!D$���$$�%�$�!" �� ��" $� ��J<�J�0/@K�//AA�#� �$K(�/0A��-�"�"��$�#"����NOPQRSTUVW�VX�TYO�ZQ[V\OSW�]S[RUŜOWT�SW_�VX�TYO�̀VQWaUR�" ����.� �� %����������*� ���" �"#�����"�����!" �� ��" $� ��<b9�J�0/@K�>10�#� �$(�
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��������	�
���������
�����	�����������������

����

������ !�"#��$%&#"!� � #'()*+,�-"��$��.$&��&# $  ��"/�"�"/ �0' ��(�1�..�$2%%&#"�%&.��(���3�.�1���� . �"#&�����&442����"�&�$!� . �"#&�����3 �"�"(���3�"#2$"�$ #5�� $)�6/ �7 "1&#8���3�-��&#4�"�&��9 �2#�"(�:7-9;�<�# �"�5 �/�$��.# �3(�=  �� >%# $$.(�"� 3�"&�?7-90!� �"#2$"��'��"�"/ ��&&#3���"�&��&��@(= #?2#&% ��(�. �&�� > #��$ $�1�"/�A 4= #�9"�" $!��$$�$"��'�"/ �A 4= #�9"�" $���3�"/ �@&44�$$�&��1�"/� >% #"�$ !��35�� !�'2�3 .�� $���3�����.�"�"��'�"/ � >�/��' �&��= $"�%#��"�� $)*+B�?7-90��.$&�/�$�$�'�������"�#&. �����$$�$"��'����"/ ��4%. 4 �"�"�&��&��. '�.���3�# '2.�"&#(�# C2�# 4 �"$�&��� "1&#8���3����&#4�"�&��$ �2#�"(��#�$��'��#&4�"/ �7-9�<�# �"�5 �&#���(�&"/ #�. '�.���"!*+D��$�1 ..��$��"�1�..�# %&#"�&��"/ ��4%. 4 �"�"�&��&��"/ �?E�. '�.��#�4 1&#8)�?7-90�1�..�= �"�$8 3�"&�%# %�# ������3�3�" �?2#&% ����(= #$ �2#�"(�� #"�����"�&��$�/ 4 )�6/�$�%#&� $$�$/&2.3�# $2."���� $"�=.�$/��'�%&��"$�&��# � # �� ��&#�"/ �FG32"(�&����# H�%#����%. ���3�. �3�"&�"/ ��%%.���"�&��&��FG$ �2#�"(�=(�3 $�'����3�3 ��2."H��%%#&��/�=(�%#&32� #$�&���&�� �" 3�3 5�� $)�IJK��LM�NOPQN�QRST�QUV�RWXOY�VOSOYYOURO�QUV�VOZOURO�9��� �"/ ��3&%"�&��&��"/ �+[*��?EG$�@(= #$ �2#�"(�9"#�" '(�"/ �. '�.��#�4 1&#8�"��8.��'��(= #�#�4 �/�$��4%#&5 3���#&$$�"/ �?E!�1/ # �$�"/ �$2=$"��"�5 �%�#"�&��"/ �@&2���.�&��?2#&% �@(= #�#�4 �@&�5 �"�&��1�$�%#��"���..(��4%. 4 �" 3�5���"/ �H\&"� "�<�# �"�5])*+��6/ �<�# �"�5 �3& $��&"��33# $$�C2 $"�&�$�&��$ .�̂3 � �$ ���3�# 4 3� $��&#��*+,�_#&%&$�.��&#���̀abcdefghi�hj�fka�lcmhnaei�oemdgepaif�eiq�hj�fka�rhcisgd�&��?7-90!�"/ �H?E�@(= #$ �2#�"(�0' ��(]!���3�# % �.��'�t '2.�"�&��:?E;�B+Du+[*�!���3�&��-��&#4�"�&����3�@&442����"�&��6 �/�&.&'(��(= #$ �2#�"(�� #"�����"�&��:H@(= #$ �2#�"(�0�"];�@vA:+[*�;�,�������.!�*��9 %" 4= #!�+[*�!�%)��)�*+B�wgmasfgxa�ylz{�|}~��~~���hj�fka�lcmhnaei�oemdgepaif�eiq�hj�fka�rhcisgd�&��D��2.(!�+[*D!��&�� #���'�4 �$2# $��&#���/�'/��&44&��. 5 .�&��$ �2#�"(�&��� "1&#8���3����&#4�"�&��$($" 4$���#&$$�"/ �E��&�)�*+D�0#"��. �+�:�;�&��̀abcdefghi�ylz{��h��|��|}~��hj�fka�lcmhnaei�oemdgepaif�eiq�hj�fka�rhcisgd�&��+*�A�(!�+[*�!��&�� #���'�"/ �?2#&% ���E��&��0' ��(��&#�7 "1&#8���3�-��&#4�"�&��9 �2#�"(�:?7-90;���3�# % �.��'�t '2.�"�&��:?@;�7&�,D[u+[[,)�*+��<�# �"�5 �+[*�u,[u?E�&��"/ �?2#&% ���_�#.��4 �"���3�&��"/ �@&2���.�&��*+�02'2$"!�+[*�!�&���""��8$��'���$"����&#4�"�&��$($" 4$���3�# %.����'�@&2���.��#�4 1&#8�< ��$�&��+[[Bu+++u��0)�



���������	�
����������
����������

����

���������������� ���!�"����������#$������%$��� ��&�'(�# ����"�&�"�������� ����'#�� )���*+#$�#'+���# &��*%$���#��� ��,����$&"� �# &����$&�%�" �)"#%�(�-.��/$���+)�����"��#"�����$$�������%� �0+����� ��� ���%$��� �#��� ��,�����#'����!�"�������-.12�����%"���&+"#$�# &����%�"#��� �#�%������,�,�)��� )��('�"�"����%"���&����'����"���� �"���"��#$����3 ���,������#4�"�,#�$+"����,�56�$�)��$#��"���#��'�� �����!#�#�7��� ��� �!�"������-�82�9�����9#���# ��$$�&�'(�����5+"�%�# �:�+"���,�;+������&+���������&��%"�%�"��� #�����#�+"����'$�)� )���"�����%"���&�"�������$$����&#�#�� ��$���"� �������+ ��#��� ���<� ���� �����)#��� 2�&������� �# &�%"����+��� ��,���"��+���"��������"#���"�&�,,��+$��9�� ��$���"� �������+ ��#��� ��&#�#����+ #�#�$#'$���"��"#��&2���%��� )�&#�#�"��� ��� ��'$�)#��� ��� ������$���"� �������+ ��#��� �������"�#%%�#"�&�#�"�#�� #'$�����%��=�9���"2�� �����!�)��#$�7�)����>"�$# &��#�������:�+"��%"� �+ ��&���#���?@#A��"�)#"&������ �������(�,�"�����"��� ��� ��,�&#�#�"�0+�"�&�'(�!�"�������.88BC.D2�����+���'����$&���#������,�)���#)#� �����"��+���"���2�� �%#"���+$#"�#)#� ����")# ���&��"����# &���""�"���2����� &��&��,�����+��������%�"�# ���� ��"&�"����� �+"��%+'$������+"��(�# &������,,������ �����#(�&�%� &����#�)"�#���*�� ��� �����+����,���&�" �� �����)#��� ����� �0+����=�9���"2��+���# ��'4��������,�)� �"#$�� ��"���2���9���"�,+ &#�� �#$�����#(�'�2�&���� ��2�� �����$,2�4+���,(�#�"��� ��� ���#�+"���+���#����#�����#'$����&�'(�!�"�������.88BC.D�'�� )��� ��&�"�&����'�� �����#"(�,�"�����%+"%�����,���#��,�)��E�-�-��-.��!�"�������.8--C1.C56�FG�HIJ�KLMFNJOP�QOMRSOTJPH�OPU�FG�HIJ�VFLPWSR��,�-��!����'�"�.8--�� ����'#�� )�������*+#$�#'+���# &���*+#$��*%$���#��� ��,����$&"� �# &����$&�%�" �)"#%�(2�# &�"�%$#�� )�:�+ ��$�X"#��9�"Y�!������ �.88DCB�C;=/�-.1�Z#��� #$��"# �%������ ���#�+"�������+ ��#��&�'(�����[��'�"�<�#������ ��" � )\��!�"�������.8-�CD8C56��,�����5+"�%�# �]#"$�#�� ��# &��,�����:�+ ��$��,�-.�/+)+���.8-��� �#��#�Y��#)#� ���� ,�"�#��� ��(������# &�"�%$#�� )�:�+ ��$�X"#��9�"Y�!������ �.88̂C...C;=/��3 $� ��#�\����%�\CC�+"_$�*��+"�%#��+C$�)#$_�� �� �C�5ZCZ>[C̀+"�a��$�*\�.8-�b88D8��-�8�!�"�������.88BC.DC5:��,�����5+"�%�# �]#"$�#�� ��# &��,�����:�+ ��$��,�-̂�[#"���.88B�� �����"��� ��� ��,�&#�#�)� �"#��&��"�%"������&�� ���  ����� �9��������%"������ ��,�%+'$��$(�#�#�$#'$���$���"� �������+ ��#��� ����"�������"��,�%+'$�������+ ��#��� �� ��9�"Y��# &�#�� &� )�!�"�������.88.Ĉ�C5:��-�-�;�� �&�:#����:c.1�C-.�# &�:ĉ1DC-.2�!�)��#$�7�)����>"�$# &�# &�<���$� )�"�# &�3���"�2�%#"#�̂-���



��������	�
���������
�����	�����������������

����

������ !�"�#$�%&�#� �$��� %%'�(%'�)*+,- ��('.!"�#$.$-%#�%(� .$.�'�$�#$-%#�'�!�/.$-%#01�0%"��2�"3�'�4$.$�0�5��&-#!�$��-'�'�/�6.#$�#.$-%#./�'�/�01�0%"��7.#7�//-#!�$��"1�,�-7��./0%�/� �$���)�'%&�.#�8%�'$�$%�&'%6- ��(�'$��'�!�- .#7��-#�$,%�7%#0�7�$-6��7.0�0�.  '�00-#!� �$.-/0�%(�.# �7%# -$-%#0�%(� .$.�'�$�#$-%#9:�;�<%,�6�'1�&�# -#!�$���&'%&%0./�(%'�$����+='-6.7>�?�!�/.$-%#�.# � -07�00-%#0�%#� .$.�'�$�#$-%#�%#!%-#!�-#�)*�-#0$-$�$-%#01�7%�&/� �,-$��$���0$'%#!�'�@�-'�"�#$0�%(�$���AB=?1�,�-7���.0�./'�. >�&'%6�#�$%�3��.#�%30$.7/��(%'�-#(%'".$-%#�0�.'-#!�,-$���#$-$-�0�%�$0- ��$���)*:��1�$���(.$��%(�$���)*C0� .$.�'�$�#$-%#�'�!-"��.&&�.'0�$%�3��0$-//��#7�'$.-#9�D�$1�'�/�0�%#�7%//�7$-%#�%(� .$.�-#�7>3�'0&.7��(%'�$���&�'&%0�0�%(�-#6�0$-!.$-%#0�.# ��6- �#7��'�".-#� �.�7�#$'./�-00��1�-#7/� -#!�(%'�$���&�'&%0�0�%(�.$$'-3�$-#!�7>3�'+.$$.750�$%�&�'&�$'.$%'09�E�0$�.($�'�$���. %&$-%#�%(�$���*4�8FG*B�H7$:�I1�,�-7��7%#(�'0���'-0 -7$-%#�%#�$���*4�.�$�%'-$-�0�$%�'�@��0$� .$.���/ �%6�'0�.0�('%"�*4�7%"&.#-�01�$���)*��.0�7."���&�,-$��-$0��+)6- �#7��&'%&%0./0�$%�7'�.$��.�)�'%&�.#�='% �7$-%#�G' �'�.# �.�)�'%&�.#�='�0�'6.$-%#�G' �':�J1�-#7/� -#!�.//�!� />�0$'%#!1�3�$�7%#$'%6�'0-./�0.(�!�.' 0:�K1�.0�,�//�.0�$%�%3/-!��0�'6-7��&'%6- �'0�$%� �0-!#.$��.�/�!./�'�&'�0�#$.$-6��-#�$���*#-%#�(%'�$���&�'&%0�0�%(�$���/�!-0/.$-%#9�L#�.  -$-%#1�$���8%""-00-%#��.0�&'�0�#$� �(�'$��'�&'%&%0./01�-#7/� -#!�%#��.  '�00-#!�('.� �.# �7%�#$�'(�-$-#!�%(�#%#+7.0��"�.#0�%(�&.>"�#$01��M$�# -#!�$���07%&���:�;�E%-#� �8.0�0�8N;O�P:J�.# �8NK�QP:J1���/�;�46�'-!��.# �8.0��8N;ORP:K�2-#-0$�'-%�S-07./�9�:���4���(%'��M."&/��)�'%&�.#�B.$.�='%$�7$-%#�T%.' 1�F�$$�'�$%�L8HUU1�OJ�E�/>1�;O:Q9�G#/-#��.$V��$$&0VPP� &39��'%&.9��P#�,0P#�,0P;O:QP/�$$�'+-7.##W�#9�:�I*41�8/.'-(>-#!�F.,(�/�G6�'0�.0�*0��%(�B.$.�H7$9�G#/-#��.$V��$$&0VPP� %709�%�0�9!%6P3-//0$�-0,��5P;O:QO�:�PTLFF4+::J4H<?:K;J+?8=::J+KK9& (X&.!�Y;;O:9�:�J�='%&%0./�(%'�.�Z[\]̂_̀abc�bd�̀e[�f]gbh[_c�i_ĝa_j[c̀�_ck�bd�̀e[�lb]cmâ�%#�)�'%&�.#�='% �7$-%#�.# �='�0�'6.$-%#�G' �'0�(%'��/�7$'%#-7��6- �#7��-#�7'-"-#./�".$$�'0�8G2P;O:QP;;J�(-#./�n�;O:QPO:OQ�o8GBp9�:�K�S%'��M."&/��H'$-7/����oJp�%(�$���&'%&%0./�.//%,0�$�.$�&'-6.$���#$-$-�0�.00�00�7%"&/-.#7��,-$��$���8�.'$�'�%(�S�# ."�#$./�?-!�$0�%(�$���)�'%&�.#�*#-%#�.# �%3��7$�$%�7%%&�'.$-%#�%#�$�-0�!'%�# 9��
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