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ABSTRACT 

The speedy development of technologies like AI, blockchain, and IoT is 
revolutionizing the present-day industries, social hierarchy, and legal 
paradigms to an unprecedented extent. The technologies disrupt the 
conventional legal paradigms mostly in the fields of data privacy, intellectual 
property rights, and liability distribution. Conventional legal paradigms are 
generally incapable of addressing the pace and complexity of technological 
change, leading to piecemeal and lagging regulative answers. Because of 
this, there is a pressing necessity for adaptive legal models that leverage 
predictive approaches, which will empower lawmakers to foresee and 
anticipate legal consequences. Legal informatics, computational law, and 
scenario modelling can assist in predicting possible risks and underpinning 
more adaptive, future-oriented laws. Case studies involving AI in legal 
document review, blockchain in secure digital transactions, and smart 
contracts in the automation of legal obligations underscore the necessity of 
adaptive and interactive systems of regulation. 

Rather than relying on after-the-fact legislative fixes, the more effective 
solution is to integrate legal and ethical considerations in the design for new 
technology development—a notion that has come to be described as "law by 
design." This proactive approach ensures advocacy of legal concepts at an 
early stage in technology development to guarantee that innovation comes 
about in keeping with societal norms and legal requirements from the outset. 
The article treats various theories of regulation, soft law and hard law alike, 
as saddling the costs of reactive governance. It argues for a transition towards 
collaborative, multi-disciplinary regulation by lawyers, engineers, and 
ethicists. Such coordination can render regimes of regulation not only 
facilitate innovation but also protect the public interest. Lastly, through the 
combination of predictive modelling with a design-led legal approach, 
policymakers can build more resilient and dynamic legal systems that can 
match the ever-accelerating rate of technological development. 

Keywords: Emerging Technologies; Predictive Modelling; Adaptive Legal 
Frameworks; Blockchain; Artificial Intelligence. 
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INTRODUCTION 

The trailblazing adoption and convergence of technologies such as artificial intelligence, 

blockchain, the Internet of Things, and others are transforming foundational practices in society 

from algorithmic decision making and smart contract enforcement to data harvesting from 

wearable products and biotechnological advances. These advances place pressure on legal 

doctrines assuming centralized decision-makers, human agency, and fixed liability; 

jurisdictional, responsible, and informed consent notions are being challenged in autonomous 

system, black-box algorithm, and decentralised network settings. The result is an urgent call 

for legal change and new types of regulation particularly well adapted to deal with such new 

technological facts without risking core rights. 

Rationale Behind Adaptive Legal Frameworks 

Today's regulatory systems have the tendency not to be well equipped to keep up with the rapid 

pace of evolution of frontier technologies such as AI, blockchain, and IoT. Previous regulatory 

systems were developed in a period of comparative incremental development of technology, 

where the law evolved slowly incrementally over a period of time. In contrast to this, the 

contemporary period is characterized by experience in exponential technological growth, 

something that has the tendency of rendering law obsolete before it is adequately revalidated. 

For example, AI technologies like autonomous vehicles and algorithmic decision-making raise 

novel challenges related to liability, responsibility, and moral responsibility that conventional 

legal approaches are poorly designed to tackle. Likewise, blockchain's decentralized nature 

challenges the traditional regulatory system for requiring contracts, data privacy, and money 

transfers. 

One of the key issues is the reactive nature of legal system design—it will always react to 

technological and societal issues after the fact, rather than anticipating what might happen next. 

This reactive process creates the regulatory shortfall with an unaligned response to ethical, 

legal, and social dilemmas, leaving them under-addressed. In order to achieve this, there is a 

clear need for adaptive legal frameworks that are forward-looking, flexible, and capable of 

integrating predictive approaches to predict future legal challenges ahead of time. By adopting 

these mechanisms, legal frameworks will be in a better position to respond suitably and suitably 

to the sophisticated and complex challenges posed by emerging technologies that change fast. 
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Purpose and Objectives 

The paper seeks to analyse the revolutionary effects of emerging technologies such as AI, 

blockchain, and IoT on existing legal frameworks. It explores how these technologies upset 

traditional modes of regulation and why contemporary legal systems always trail fast-paced 

innovation. 

The study aims to frame a model for adaptive legal frameworks using predictive modelling to 

predict and address emerging legal issues. By way of investigation of relevant case studies, 

regulatory cases, and modelling approaches, the paper provides recommendations for 

establishing malleable and adaptable legal frameworks. The overarching objective is to help 

legal systems adapt with technological progress, maintain justice, promote public interests, and 

maintain ethical standards in the face of disruptive technological change. 

LEGAL CHALLENGES POSED BY SPECIFIC TECHNOLOGIES 

The following challenges are posed by specific technologies: 

1. Artificial Intelligence:   

Algorithmic Bias: AI is typically trained on datasets that may reflect racial, gendered, 

or socioeconomic biases present in society. Put into practice in functions like hiring, 

credit scoring, or policing, they can further discriminate or even exacerbate skewed 

results, reducing fairness and equal protection. 

Accountability & Liability: The question is, when one gets harmed by an AI‑based 

system, who's to be held responsible—is it the developer, the manufacturer, or the user? 

The traditional tort systems, based on fault and purpose, struggle to cope with 

autonomous systems and create loopholes in legal liability. 

Intellectual Property: As AI is producing art, music, or written content, authorship and 

copyright are issues that raise questions about who is entitled to them. The existing IP 

law is for human creators, so the issue arises of how to handle creations that were 

wholly or partially made by AI. 

Case Law: Asha Bhosle v. AI Voice‑Cloning Companies (Bombay High Court, 2025) 
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Summary: Popular singer Asha Bhosle was granted interim relief against US-based AI 

companies and owners of e-commerce platforms for utilizing her voice without 

permission through AI voice cloning. The Court held that impersonating a celebrity's 

voice in such manner infringes upon her "personality rights" and is not allowed in the 

absence of permission1. 

Relevance: This ruling stands out for the way Indian courts are identifying injuries from 

AI-created content (voice cloning in this case), recognizing that unauthorized copying 

of voice/personality is actionable, which pertains both to liability and intellectual 

property/personality rights matters. 

2. Blockchain:  

Jurisdictional complexity: The Indian law literature recognizes that the decentralized 

nature of blockchain makes it difficult to determine governing law and forum for 

resolution of disputes. See Issues Relating to Smart Contracts in the Indian Context and 

their Impact on NFTs (NLIU CSIPR), which elaborates upon how party autonomy may 

assist but ambiguity arises when nodes are scattered across the world2. 

The "Legal Challenges Underlying the Digital and Smart Contracts" essay (Jus Corpus) 

identifies that geographic borders become fuzzy in cases with smart contracts on 

distributed ledgers, so it is hard to determine where the cause of action occurs3. 

Data privacy vs. immutability: In "Blockchain and Data Privacy: An India Perspective", 

mention is made of how the "right to be forgotten" conflicts with blockchain 

immutability, and how technical solutions (e.g. private key destruction, off‑chain or 

pseudonymization techniques) are being contemplated. 

A literature systematic review, "A Systematic Literature Review of the Tension between 

the GDPR and Public Blockchain Systems", finds that public blockchains face serious 

 
1 https://timesofindia.indiatimes.com/city/mumbai/mumbai-ai-voice-cloning-violates-celebritys-personality-
rights-says-bombay-high-court-on-singer-asha-bhosles-pleaarticleshow/124264867.cms? 
2 https://csipr.nliu.ac.in/technology/issuesrelating-to-smart-contracts-in-the-indian-context-and-their-effect-on-
nfts/?utm_source 
3 https://www.juscorpus.comlegal-challenges-in-the-age-of-digital-contracts-and-smart-contracts/?utm_source 
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difficulties to allow erasure or modification of data, which makes GDPR compliance 

challenging. 

Enforceability of smart contracts: The article "Smart Contracts and Blockchain: Legal 

Issues and Implications for Indian Contract Law" addresses enforceability issues under 

Indian law, including whether computerized contracts are adequate for mutual assent, 

consideration, and how programming errors could influence enforceability4. 

The Enforceability of Smart Contracts in India clarifies that even though Indian law 

allows electronic contracts through the Indian Contract Act, 1872, and the IT Act, there 

exist practical doubts like whether smart contracts qualify as legal requirements for 

consideration, verification of identity, and whether courts will read code‑based 

contracts in a similar manner as classical ones. 

Example: Under European Union General Data Protection Regulation (GDPR), 

blockchain is at odds with the "right to be forgotten" (Article 17). Blockchain data being 

unerasable, erasure or alteration of personal information works against GDPR 

compliance. 

No single EU case exists, but some data protection agencies—such as France's CNIL 

(Commission Nationale de l'Informatique et des Libertés)—have published opinions 

pointing out the conflict between the permanence of blockchain and rights of privacy5. 

3. Internet of Things (IoT): 

The Internet of Things (IoT) refers to networks of devices that share, transmit, and 

process information independently. Examples include wearable devices, smart 

household appliances, and networked cars. While IoT brings convenience and 

efficiency, it also creates intricate legal issues related to data ownership, privacy, and 

cybersecurity. 

The perpetual sharing of data among devices in many cases happens with little human 

notice or permission, and there are issues regarding the sufficiency of current data 

 
4 https://www.mondaq.com/india/contracts-and-commercial-law/874892/the-enforceability-of-smart-contracts-
in-india?utmsource 
5 https://www.europarl.europa.eu/RegData/etudes/STUD/2019/634445/EPRS_STU(2019)634445 EN.pdf 
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protection legislation. It is unclear who has ownership of the information produced by 

the devices manufacturer, user, or third party? IoT systems also heighten exposure to 

cyber threats, as each connected device can be a potential weak point6. 

Liability in IoT systems is also complicated. If a connected device fails or injures, it 

can be difficult to determine the liable entity hardware company, software company, or 

service provider. Classical product liability principles might not be sufficient to cover 

this multi-layered responsibility. 

Case Laws:  

I. Shreya Singhal v. Union of India (2015) 5 SCC 1 (India) 

Relevance: Although concerned with free speech online, the case established 

significant principles for online regulation and intermediary liability. It highlights 

that technological regulations need to find a balance between innovation, security, 

and rights a paramount consideration when regulating IoT devices that handle 

personal data online7. 

II. Ryanair DAC v. PR Aviation BV [2015] C-30/14 (CJEU, EU Case) 

Relevance: This case involved unauthorized extraction and use of data from a 

website pertinent to IoT scenarios where data gathered by one party could be 

accessed or reused by another without consent. It created that access to databases 

and reuse of data can activate intellectual property and contractual rights extremely 

pertinent in IoT ecosystems that rely on shared data8. 

4. Biotechnology:  

Informed Consent and Privacy: Biotechnological advances like genomic sequencing 

produce huge and sensitive genetic information, which raises important legal and 

ethical implications. Legal systems need to provide for true, informed, and voluntary 

consent of the people prior to the collection, storage, or use of their genetic data. 

 
6 https://ieee-iotj.org/review-papers-list 
7 https://globalfreedomofexpression.columbia.edu/cases/shreya-singhal-v-union-of-india 
8 https://legalblogs.wolterskluwer.com/copyright-blog/ryanair-ltd-v-pr-aviation-bv-contracts-rights-and-users-in-
a-low-cost-database-law 
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Additionally, strong data protection practices have to be enforced to ensure that such 

personal data is not accessed without authorization, misused, or disclosed, so as to 

maintain people's right to privacy. 

Biosafety and Biosecurity: The expedited growth of genetic engineering and synthetic 

biology has brought with it opportunities for the development of new organisms with 

potential risks to human health and the environment. This calls for extensive regulatory 

supervision to control research and use in these areas. Legal requirements must walk a 

fine line between advancing scientific innovation and maintaining ethical conduct, 

biosafety, and safeguarding public interest. 

Intellectual Property and Biopiracy: Patenting of genetic codes and biological 

resources raises complicated issues in intellectual property law. Challenges are created 

when commercial interest’s appropriate biological materials or traditional knowledge—

especially those from Indigenous or local communities—without valid authorization or 

just benefit-sharing. In response, legal tools should support safeguarding against 

biopiracy and enhance fair, transparent regimes that respect source communities' rights 

and encourage ethical innovation. 

Case Law: Justice K.S. Puttaswamy (Retd.) v. Union of India (2017) 10 SCC 1 

(India) 

Held: The Supreme Court of India acknowledged the right to privacy as a constitutional 

fundamental right under Article 21 of the Constitution. The ruling is particularly 

applicable to protecting genomic data and informed consent in biotechnology because 

it focuses on the autonomy of persons over personal data, such as genetic information9. 

CROSS-CUTTING LEGAL THEMES 

a)  Data privacy and cybersecurity:   

The advancement of new technologies has facilitated large-scale and real-time data 

gathering, triggering deep privacy and security issues. Current data protection 

legislation tends to lag behind technological advancements, and consequently, there are 

 
9 https://indiankanoon.org/doc91938676/ 
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huge regulatory loopholes in topics like surveillance of Internet of Things (IoT), cross-

border data flows, and utilization of personal data by artificial intelligence systems. In 

order to deal with these challenges, it is absolutely necessary to implement stronger and 

more robust legal protection. Stronger cybersecurity protocols are also required to avert 

data breaches, protect the confidentiality of personal data, and maintain public trust in 

digital environments. 

Example: In India, the Supreme Court in Justice K.S. Puttaswamy (Retd.) v Union of 

India recognized the right to privacy as a constitutional right under Article 21 of the 

Constitution.  This ruling established the basis for stronger data protection standards 

focusing on the autonomy of the individual over personal information. Globally, the 

General Data Protection Regulation (GDPR) is an exemplary legal regime that 

promotes accountability and transparency of data processing with security measures 

and informed consent requirements10. 

b) Regulatory Lag and Adaptive Governance: 

The basic problem with technology regulation is the lag in evolution of the legal norms 

compared to the speed of innovation. Historical legislative practices may not be able to 

foresee emerging threats or react with efficiency to technological changes. Hence, the 

legal framework will have to shift toward adaptive and future-oriented governance 

mechanisms. These mechanisms may include predictive analytics, set stringent ethical 

and accountability norms, and foster ongoing coordination between lawmakers, 

policymakers, technology innovators, and civil society in order to regulate equitably 

and effectively. 

c) International Cooperation in Technology Governance: 

With the naturally borderless character of contemporary technologies like blockchain, 

artificial intelligence, and the internet, national regulation alone is not enough. 

Challenges such as cybercrime, jurisdictional ambiguity, and cross-border data transfers 

require concerted international action. The creation of harmonized global regimes and 

normative best practices can assist in increasing legal certainty, encouraging mutual 

 
10 https://www.scobserver.in/casesputtaswamy-v-union-of-india-fundamental-right-to-privacy-case-background/ 
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accountability, and enabling secure cross-border data exchange while maintaining core 

privacy and security principles. 

Example: The Budapest Convention on Cybercrime (2001) gives an international legal 

basis for cybercrime investigation cooperation and information sharing. Analogously, 

United Nations Guidelines for the Regulation of Computerized Personal Data Files 

(1990) encourage international norms for privacy and data protection11. 

Multilateral cooperation through these treaties and regional systems can be 

strengthened to facilitate uniform data protection norms, improve cross-border 

enforcement, and encourage the responsible and safe use of digital technologies. 

LAW BY DESIGN: EMBEDDING LEGAL PRINCIPLES INTO TECHNOLOGY 

"Law by Design" is a new regulatory philosophy that espouses combining legal and ethical 

considerations directly into the design of technology. Rather than letting things go wrong first 

and legislating after, Law by Design promotes building compliance, accountability, and 

fairness into the technological infrastructure itself. 

This strategy moves regulation from reactive to proactive so that technologies comply with 

legal standards from the very start. It is inspired by previous models like "Privacy by Design" 

and "Security by Design", which mandate that privacy and cybersecurity protections be 

embedded into systems as default, and not included later in the form of external controls12. 

1. The Core Idea: Law by Design contends that technical systems can and ought to be 

designed so that they automatically apply legal rules. For instance:  

a) An IoT device might have embedded data encryption and consent procedures that 

comply with data protection regulation. 

b) A blockchain smart contract can enforce automatically consumer protection or 

licensing rules prior to carrying out a transaction. 

c) AI algorithms may be designed to operate under the principles of fairness and non-

 
11 https://www.coe.int/en/web/cybercrimethe-budapest-convention 
12 https://lawbydesign.co 
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discrimination based on constitutional or statutory standards. 

2. Legal and Policy Implications: From a policy point of view, this idea facilitates adaptive 

regulation by allowing for dynamic interaction between law and technology. Legislators 

may establish desired legal results (e.g., transparency or accountability), and 

technologists may implement these values in system design. 

For instance, in the European Union's General Data Protection Regulation (GDPR), 

Article 25 mandates "data protection by design and by default" that necessitates 

organizations to include privacy aspects in all steps of technology design. It is a real-

world application of Law by Design. 

Also in India, the Digital Personal Data Protection Act (2023) puts focus on informed 

consent and purpose limitation, which can both be technologically incorporated through 

data-handling systems and user interfaces of IoT and AI technologies13. 

3. Challenges and Criticisms: Although promising, it is challenging to implement Law by 

Design. It is hard to convert abstract legal principles such as fairness or due process 

into technical code and risk over-simplifying them or introducing bias. Furthermore, 

over-reliance on technological enforcement can diminish human responsibility if 

automated systems take the place of conventional legal judgment.  

There are also fears of transparency: if mechanisms of compliance are buried deep 

within algorithms, regulators and users might struggle to check if the technology is 

genuinely abiding by legal requirements. 

Law by Design must therefore complement, rather than supplant, conventional legal 

regimes. It should be an extra layer of assurance, guaranteeing that compliance and 

ethics are written into the technological back-end14. 

4. Relevance to Emerging Technologies: 

a) For AI, it promotes algorithmic transparency, explainability, and lack of 

 
13https://www.researchgate.net/publication/358861534_Law_by_design_howdesign_can_make_legal_services_
more_usable_useful_engaging 
14 https://www.scribd.com/document/681142560/1-Legal-Design-Law-ByDesign 
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discrimination. 

b) For Blockchain, it facilitates programmable compliance (e.g., guaranteeing 

compliance of smart contracts with legal validity standards). 

c) For IoT, it facilitates privacy controls and minimization of data built into device 

firmware. 

d) For Biotechnology, it can guide ethical data management and biosafety surveillance 

through automated protocol. 

Through harmonization of legal norms with technological development, Law by Design 

fosters trust, accountability, and resilient innovation. 

5. Case Laws: 

a) Google Spain SL v. Agencia Española de Protección de Datos (AEPD) and Mario 

Costeja González (2014) C-131/12 (Court of Justice of the EU) 

Principle: It created the "Right to be Forgotten" principle of EU data protection law. 

The European Court of Justice ruled that search engines should make their systems 

capable of enabling users to request the removal of personal data effectively 

instilling privacy by design responsibilities into platform infrastructure. 

Relevance to Law by Design: It necessitated technical compliance measures (not 

merely legal assurances) search engines needed to apply code-based solutions to 

facilitate privacy rights15. 

b) Apple v. FBI (2016, U.S.) 

Principle: The FBI requested Apple to unlock a terrorist's iPhone by developing a 

backdoor. Apple declined, contending that developing the instrument would 

compromise the security-by-design framework of all devices. 

 
15 https://globalfreedomofexpression.columbia.edu/cases/google-spain-sl-v-agencia-espanola-de-proteccion-de-
datos-aepd 
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Relevance: While not a standard case law result (it settled prior to judgment), it 

shows the tension between "Law by Design" (security embedded) and government 

requests for exceptional access16. 

RECOMMENDATIONS 

Governance of emerging technologies calls for a strategic and multi-faceted approach to ensure 

that innovation is aligned with legal principles, societal values, and ethical norms. The 

following actions are suggested: 

1. Adopt Adaptive Regulatory Frameworks: Legislatures should enact laws that are 

technology-neutral, flexible, and able to keep up with fast-changing technological 

advancements. Such adaptive frameworks can avert regulatory obsolescence and enable 

legal systems to react efficiently to unexpected challenges17. 

2. Build Professional and Technical Expertise: Regulators, judges, and lawyers must 

develop scientific and technical expertise to effectively adjudicate and resolve complex 

technical issues and disputes over new technological applications18. 

3. Foster International Cooperation: With the cross-border nature of new technologies, 

collaborative global norms, treaties, and harmonized regimes are essential. Global 

cooperation aids in consistent enforcement, encourages common best practices, and 

addresses transborder legal concerns such as data transfers and cybercrime19. 

4. Incorporate Ethics into Technology Design: Technology designers need to pursue a 

"privacy by design" and "ethics by design" approach, including human rights thinking, 

equity, and responsibility throughout the design cycle of new technology20. 

5. Ensure Transparency and Accountability: There needs to be mandatory transparency in 

automated systems with well-defined liability for damages resulting from next-

 
16 https://epic.org/documents/apple-v-fbi-2 
17 OECD Recommendation of the Council on Digital Security Risk Management for Economic and Social 
Prosperity (2015) 
18UN, Guidelines for the Regulation of Computerized Personal Data Files, GA Res 45/95 (14 December 1990) 
19 Convention on Cybercrime (adopted 23 November 2001 entered into force 1 July 2004) ETS No 185 
(Budapest Convention) 
20 Regulation (EU) 2016/679 of the European Parliament and of the Council of 27 April 2016 (General Data 
Protection Regulation) [2016] J L119/1. 
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generation technologies. Strong mechanisms of accountability assist in safeguarding 

the public interest while fostering responsible innovation21. 

Through the adoption of such measures, legal frameworks are better able to regulate new 

technologies, reconciling the double goal of promoting innovation and protecting ethical and 

social norms. 

CONCLUSION 

The analysis of new technologies and their implications on legal frameworks emphasizes an 

urgent necessity for resilient, visionary regulatory systems. Technologies like artificial 

intelligence, blockchain, and the Internet of Things are increasingly altering business sectors 

and social processes at speeds that frequently surpass the ability of current legal architectures. 

This lag has been generating gaps in regulation, uncertainties, and issues that conventional 

legal mechanisms are not designed to solve adequately. 

One of the most important results of this review is the need to have legal regimes that are 

flexible and forward-looking. Traditional regulatory methods are generally reactive, leading to 

out-of-date laws that do not effectively regulate the risks and benefits of technological 

development. A more proactive approach—where legislation responds ahead of time to new 

challenges must prevail. Regulatory sandboxes, for example, offer safe spaces in which to 

experiment and streamline legal interventions, fostering innovation while maintaining public 

safety. 

The application of predictive analytics and modelling presents itself as yet another 

indispensable tool for contemporary governance. Through the use of data-driven insights, 

legislatures can embark on evidence-based policymaking, pre-empting forthcoming 

technological innovation and its possible implications on the law. These tools allow regulators 

to design regulations that continue to be relevant in an increasingly changing environment, 

achieving proper balance between innovation and risk management. 

Cross-disciplinary cooperation is also critical. The interdisciplinary experience of legal experts, 

technologists, and ethicists makes regulatory design richer so that legal frameworks are not just 

technically well-informed and legally robust but also ethically sound. Such convergence leads 

 
21 Justice K.S. Puttaswamy (Retd.) v Union of India (2017) 10 SCC  (SC) 
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to creative solutions, reinforces accountability, and gives regulatory interventions greater social 

legitimacy. 

Overall, good governance of emerging technologies needs flexible, forward-looking, and cross-

disciplinary legal systems. With an embrace of adaptability, predictive knowledge, and 

cooperative methods, legislatures can craft regulatory systems that are responsive to innovation 

yet protect individual rights and common interests. Ultimately, legal systems have to adapt to 

the challenges of a fast-evolving technological landscape in such a way that the promises of 

progress will be delivered without sacrificing ethical, legal, or social standards. 
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