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Abstract 

This article examines the legal status of smart contracts across different 

jurisdictions through a comparative legal methodology, analyzing regulatory 

approaches in the United States, European Union, Switzerland, Singapore, and 

Uzbekistan. The research identifies key challenges in integrating self-executing 

agreements into existing legal frameworks, including issues of contract formation, 

enforceability, dispute resolution, and data protection compliance. Using doctrinal 

analysis and comparative law methods, this study evaluates how different legal 

systems address the fundamental question of whether code-based agreements satisfy 

traditional contract formation requirements. The findings reveal a spectrum of 

regulatory responses ranging from explicit statutory recognition to application of 

existing contract law principles. The article concludes with recommendations for 

developing comprehensive legal frameworks that balance innovation with consumer 

protection and legal certainty. 
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I. Introduction 

The emergence of blockchain technology has introduced fundamentally new 

paradigms for contractual relationships, challenging traditional legal frameworks that 

have evolved over centuries of jurisprudential development. Smart contracts, initially 

conceptualized by computer scientist and cryptographer Nick Szabo in 1996, have 

transformed from theoretical constructs into practical applications that process billions 

of dollars in transactions annually across global markets (Szabo, 1996). The 

underlying premise of smart contracts involves encoding contractual terms into 

computer code that automatically executes when predetermined conditions are 

satisfied, thereby reducing reliance on intermediaries and potentially lowering 

transaction costs associated with contract enforcement and performance monitoring. 

The global smart contract market has experienced extraordinary growth, with 

valuations reaching approximately $684 million in 2022 and projections suggesting 

expansion to $8.79 billion by 2030, representing a compound annual growth rate of 

37.9%. This exponential growth trajectory underscores the pressing need for 

comprehensive legal frameworks capable of accommodating these novel technological 

instruments while preserving fundamental principles of contract law that protect 

parties' legitimate expectations and provide remedies for breach. The transformative 

potential of smart contracts extends beyond efficiency improvements, promising to 

restructure entire industries from financial services and insurance to supply chain 

management, intellectual property licensing, and public administration. 

The rapid adoption of smart contracts has exposed significant gaps in legal 

recognition and regulatory frameworks across jurisdictions worldwide. This regulatory 

lacuna creates substantial uncertainty for parties seeking to enforce their rights or 

resolve disputes arising from self-executing code, potentially undermining the 

efficiency benefits that make smart contracts attractive in the first instance. Legal 

scholars have observed that while smart contracts offer meaningful efficiency gains 

through automation of performance, they do not eliminate the need for contract law as 

a remedial institution capable of addressing situations where automated execution 

produces unjust outcomes (Werbach & Cornell, 2017). The challenge confronting 

legal systems involves reconciling the deterministic nature of computer code with the 

inherently flexible and contextual character of legal interpretation that has traditionally 

allowed courts to achieve just outcomes in unforeseen circumstances. 

The significance of this research extends to multiple stakeholder groups 

including legislators drafting new laws, regulators developing guidance, legal 

practitioners advising clients, technology developers designing systems, and 

commercial parties evaluating whether to adopt smart contract solutions for their 

business needs. For developing economies such as Uzbekistan, understanding 

international best practices is essential for crafting domestic legislation that attracts 

foreign investment and fosters local innovation while simultaneously protecting 

consumers and maintaining financial system stability. The regulatory choices made 

today will shape the trajectory of digital commerce development for decades to come, 
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making rigorous comparative analysis of existing approaches particularly valuable for 

informing policy decisions. 

Despite the proliferation of smart contract applications across various industries 

and use cases, fundamental questions regarding their legal status remain unresolved or 

inconsistently addressed in most jurisdictions around the world. The core problem 

centers on whether self-executing computer code can satisfy the traditional 

requirements for legally enforceable contract formation, including the elements of 

offer and acceptance, consideration or cause, intention to create legal relations, and 

certainty of terms sufficient to enable performance and judicial enforcement (Finck, 

2018). Different jurisdictions have adopted divergent approaches to these questions, 

creating a fragmented regulatory landscape that complicates cross-border transactions 

and substantially increases compliance costs for businesses operating internationally. 

This fragmentation is particularly problematic given the inherently borderless 

nature of blockchain networks, which operate without regard to national boundaries or 

traditional jurisdictional limitations that have historically organized legal authority. 

Parties entering into smart contract arrangements may find themselves subject to 

multiple, potentially conflicting, legal regimes with no clear mechanism for 

determining which jurisdiction's substantive law should govern their relationship or 

which courts possess authority to adjudicate disputes that arise. The technical 

architecture of blockchain systems, designed to operate without central points of 

control, fundamentally challenges regulatory approaches premised on territorial 

sovereignty and the ability to compel compliance from identifiable intermediaries 

located within jurisdictional reach. 

Additional complexities arise from the intersection of smart contracts with 

existing regulatory frameworks governing diverse policy domains including consumer 

protection, data privacy, financial services regulation, securities law, and anti-money 

laundering requirements. The European Union's General Data Protection Regulation 

(GDPR), for example, grants individuals the right to erasure of personal data upon 

request, yet blockchain's fundamental immutability makes deletion technically 

impossible without compromising network integrity and the security properties that 

make blockchain valuable (Finck, 2017). Similarly, securities regulations may apply to 

token-based smart contracts depending on how courts and regulators characterize the 

underlying assets, creating potential civil and criminal liability for developers and 

users who may not recognize the regulatory implications of their activities. 

The problem is further complicated by the technical complexity of smart 

contracts, which creates significant information asymmetries between sophisticated 

developers who write code and ordinary users who interact with applications built on 

that code. Unlike traditional contracts written in natural language that educated parties 

can read and understand, smart contracts require specialized programming knowledge 

to comprehend their actual operation, raising fundamental questions about whether 

meaningful informed consent can be obtained from non-technical parties. The 

potential for coding errors, security vulnerabilities, and unintended interactions 
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between smart contracts introduces additional risks that existing contract law doctrines 

developed for human-drafted agreements may inadequately address. 

The academic literature examining smart contract regulation has grown 

substantially since Szabo's (1996) seminal work introducing the concept as "building 

blocks for digital free markets." Szabo's original vision anticipated that cryptographic 

protocols could enable secure, automated execution of contractual obligations without 

requiring trusted intermediaries, thereby reducing transaction costs and expanding the 

range of economically viable agreements. However, Szabo also recognized that smart 

contracts would supplement rather than replace traditional legal institutions, which 

would retain essential functions in resolving disputes that automated systems cannot 

adequately address. This foundational insight has shaped subsequent scholarly debate 

regarding the proper relationship between code-based execution and law-based 

remediation. 

Werbach and Cornell (2017) provided foundational analytical framework in 

their influential article "Contracts Ex Machina," arguing that smart contracts should be 

analyzed within existing contract law frameworks rather than treated as entirely novel 

legal instruments requiring wholly new doctrinal categories. They emphasize that 

while smart contracts can automate performance of agreed obligations, they cannot 

eliminate the need for legal institutions to resolve disputes arising from ambiguous 

terms, interpret parties' intentions when code produces unexpected results, or provide 

remedies when automated execution causes harm that parties did not anticipate or 

intend. This insight has proven influential in shaping subsequent scholarly work, with 

most commentators accepting that smart contracts operate as a technological layer 

complementing rather than displacing traditional contract law. 

Finck (2018) contributed comprehensive analysis of blockchain regulation in 

the European context, examining how existing legal frameworks apply to distributed 

ledger technologies and identifying tensions between technological characteristics and 

regulatory assumptions. Her work highlights the fundamental challenge of applying 

territorially-based legal rules to technological systems that operate across borders 

without geographic anchoring, and advocates for regulatory approaches emphasizing 

functional equivalence rather than technological specificity. Subsequent research has 

examined specific regulatory challenges including application of securities laws to 

token offerings (Zetzsche et al., 2019), anti-money laundering requirements for 

cryptocurrency exchanges (Houben & Snyers, 2020), and the complex intersection of 

blockchain technology with data protection regulation (De Filippi & Wright, 2018). 

More recent scholarship has focused on comparative analysis of emerging 

regulatory frameworks as jurisdictions have begun enacting smart contract-specific 

legislation and courts have rendered decisions addressing blockchain-related disputes. 

Alawsi et al. (2025) provide comprehensive review of regulatory challenges and 

innovations across multiple jurisdictions, identifying common themes including the 

importance of legal certainty for market development, consumer protection concerns 

arising from technical complexity, and the challenge of balancing innovation 
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promotion with risk mitigation. Research specific to developing economies has 

emphasized the importance of building regulatory capacity and technical expertise 

alongside formal legal frameworks, recognizing that effective regulation requires not 

only appropriate rules but also institutional capability to implement and enforce them 

(Gulyamov, 2023). 

Despite the substantial body of literature examining smart contract regulation 

from various perspectives, significant gaps remain in comparative analysis that 

incorporates both developed and developing economy perspectives within a unified 

analytical framework. Most existing studies focus predominantly on Western legal 

systems, particularly the United States and European Union, with limited sustained 

attention to emerging regulatory frameworks in regions such as Central Asia, 

Southeast Asia, and the Middle East. This geographic bias is particularly significant 

given that developing economies may have different regulatory priorities, institutional 

capacities, and patterns of technological adoption than their developed counterparts, 

requiring adaptation of regulatory models rather than simple transplantation. 

Additionally, the rapid pace of regulatory development means that much 

existing scholarship has become outdated even shortly after publication. The European 

Union's Markets in Crypto-Assets Regulation (MiCA), which became fully applicable 

in December 2024, represents the most comprehensive regional approach to crypto-

asset regulation globally, yet scholarly analysis of its specific implications for smart 

contracts remains limited. Similarly, recent United States court decisions addressing 

the legal status of decentralized autonomous organizations and the property 

characteristics of immutable smart contracts have created important new precedents 

requiring academic examination and integration into comparative frameworks. This 

research contributes to addressing these gaps by incorporating the most recent 

regulatory developments and judicial decisions into systematic comparative analysis. 

The primary aim of this research is to analyze and compare regulatory 

approaches to smart contracts across major jurisdictions representing different legal 

traditions and development levels, identifying best practices suitable for adoption or 

adaptation in developing economies such as Uzbekistan. This overarching aim is 

pursued through several specific research objectives: first, to examine how different 

legal systems define and characterize smart contracts within their existing legal 

taxonomies; second, to analyze the extent to which smart contracts satisfy traditional 

contract formation requirements across jurisdictions; third, to evaluate mechanisms for 

dispute resolution and enforcement of smart contract obligations; fourth, to assess how 

smart contract regulation interacts with other regulatory frameworks; and fifth, to 

develop evidence-based recommendations for regulatory reform. 

The research addresses the following specific questions: (1) What definitional 

and classificatory approaches have major jurisdictions adopted for recognizing smart 

contracts as legally enforceable agreements? (2) How do courts and regulators address 

disputes arising from smart contract execution, including cases involving coding 

errors, security breaches, or changed circumstances that parties did not anticipate? (3) 
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What regulatory frameworks have proven most effective in promoting blockchain 

innovation while maintaining adequate consumer protections and financial system 

stability? (4) How should developing economies such as Uzbekistan design their 

regulatory approaches to smart contracts given their specific institutional contexts, 

capacity constraints, and development priorities? These questions structure the 

methodological approach and organize the presentation of findings. 

This research contributes to legal scholarship and policy development in several 

significant dimensions. Theoretically, the study advances understanding of how 

traditional contract law principles can be adapted to accommodate technological 

innovation without sacrificing essential protections that have developed through 

centuries of legal evolution. The comparative methodology employed reveals common 

challenges that transcend legal traditions and identifies divergent solutions that reflect 

different value choices and institutional contexts, contributing to the development of 

transnational principles for smart contract regulation. Practically, the research provides 

guidance for lawmakers in jurisdictions that have not yet developed comprehensive 

smart contract frameworks, offering evidence-based recommendations drawing on 

international experience. For legal practitioners, the comparative analysis clarifies 

compliance requirements across jurisdictions, facilitating cross-border transactions 

and reducing legal uncertainty that impedes commercial activity. 

The focus on Uzbekistan's regulatory context makes this research particularly 

relevant for Central Asian policymakers and practitioners navigating the challenges of 

digital economy development within the region. As neighboring countries including 

Kazakhstan, Kyrgyzstan, and Tajikistan consider their own approaches to blockchain 

regulation, comparative insights from Uzbekistan's early adoption experience 

combined with lessons from more established regulatory frameworks can inform 

regional coordination and reduce unnecessary regulatory divergence. The research 

also contributes to broader scholarly literature on legal transplantation and regulatory 

convergence, examining how developing economies can selectively adapt regulatory 

models from different legal traditions to suit their specific institutional contexts and 

development priorities. 

II. Methodology 

This study employs a qualitative comparative legal methodology to examine 

smart contract regulation across selected jurisdictions representing different legal 

traditions and development contexts. The comparative law approach is particularly 

well-suited to this research because it enables identification of both convergent trends 

reflecting common technological challenges and context-specific variations in 

regulatory responses that reflect different legal cultures, institutional arrangements, 

and policy priorities (Zweigert & Kötz, 1998). The research follows the functional 

comparative method, which focuses on how different legal systems address similar 

practical problems rather than comparing formal legal categories that may have 

different meanings and operate differently across jurisdictions. 
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The research adopts an interpretive paradigm that recognizes law as a socially 

constructed phenomenon shaped by historical, cultural, economic, and political factors 

specific to each jurisdiction under examination. This paradigm acknowledges that 

legal rules cannot be fully understood or effectively compared without reference to the 

institutional contexts within which they are created, interpreted, and enforced. 

Accordingly, the analysis considers not only the formal content of legislation, 

regulations, and judicial decisions but also the regulatory philosophies, enforcement 

capacities, and political economy factors that influence how legal rules function in 

practice. The interpretive approach is complemented by normative analysis that 

evaluates regulatory approaches against criteria including legal certainty, consumer 

protection, innovation promotion, and international compatibility. 

The study examines five jurisdictions selected to represent diverse legal 

traditions, economic development levels, and regulatory approaches to blockchain 

technology and smart contracts. The United States represents the common law 

tradition and illustrates a federalist approach characterized by substantial state-level 

variation alongside federal agency guidance and emerging judicial precedent. The 

European Union provides insight into supranational harmonization efforts within the 

civil law tradition, particularly through the recently implemented Markets in Crypto-

Assets Regulation (MiCA) that creates uniform rules across 27 member states. 

Switzerland demonstrates how a small, developed economy with strong financial 

sector expertise can achieve regulatory leadership through innovative legal 

frameworks. 

Singapore represents the Asian common law tradition and illustrates regulatory 

sandbox approaches that allow controlled experimentation with innovative 

technologies before permanent rules are established. Uzbekistan is included as the 

primary focus jurisdiction, representing developing economy perspectives, the post-

Soviet legal tradition, and the specific challenges facing Central Asian states seeking 

to develop digital economy sectors. This selection enables comparison across multiple 

dimensions relevant to smart contract regulation including legal tradition, economic 

development level, regulatory philosophy, and institutional capacity. The jurisdictional 

selection reflects both theoretical considerations regarding comparative methodology 

and practical considerations regarding the availability of reliable primary and 

secondary sources. 

Primary data sources include constitutional provisions, statutes, regulations, 

regulatory guidance documents, and judicial decisions relevant to smart contracts and 

blockchain technology in each jurisdiction under examination. For the United States, 

primary sources include state-level legislation from Arizona, Tennessee, and 

Wyoming that explicitly address blockchain records and smart contracts, federal 

agency guidance from the Securities and Exchange Commission and Commodity 

Futures Trading Commission regarding application of existing regulatory frameworks 

to crypto-assets, and federal court decisions addressing blockchain-related disputes 

including the recent decisions in Samuels v. Lido DAO (2024) and Van Loon v. 
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Department of the Treasury (2024) that establish important precedents regarding the 

legal status of decentralized organizations and immutable smart contracts. 

European Union sources center on Regulation 2023/1114 on markets in crypto-

assets (MiCA), relevant provisions of the General Data Protection Regulation 

addressing data processing and erasure rights, the proposed Data Act provisions 

specifically addressing smart contract requirements, and available European Court of 

Justice jurisprudence on electronic contracts and digital services. Swiss sources 

include the Federal Act on the Adaptation of Federal Law to Developments in 

Distributed Ledger Technology (DLT Act) and regulatory guidance from the Swiss 

Financial Market Supervisory Authority (FINMA). Singaporean sources include the 

Electronic Transactions Act, Payment Services Act 2019, and Monetary Authority of 

Singapore guidance documents. Uzbekistan sources include Presidential Decree No. 

PP-3832 of July 3, 2018, Presidential Decree No. UP-140 of September 18, 2024, and 

subsequent regulatory instruments issued by the National Agency for Project 

Management. 

The analytical framework organizes comparison around five thematic 

dimensions that capture the key regulatory choices jurisdictions must make regarding 

smart contracts. The definitional dimension examines how each jurisdiction 

characterizes smart contracts within its legal taxonomy, including whether specific 

statutory definitions exist and how courts have interpreted relevant provisions in 

contested cases. The formation dimension assesses how traditional contract 

requirements including offer, acceptance, consideration, and intention to create legal 

relations apply to smart contract arrangements in each jurisdiction. The enforcement 

dimension addresses dispute resolution mechanisms, available remedies, and the 

respective roles of courts versus alternative forums in adjudicating smart contract 

disputes. The regulatory architecture dimension examines which governmental bodies 

have jurisdiction over smart contracts and how responsibilities are allocated among 

them. The international coordination dimension considers how domestic frameworks 

interact with cross-border transactions and international regulatory harmonization 

efforts. 

Within each thematic dimension, the analysis applies evaluative criteria derived 

from legal theory and policy analysis literature. Legal certainty is assessed by 

examining whether relevant rules are clearly defined, consistently applied across 

similar cases, and sufficiently predictable to enable commercial planning. Consumer 

protection is evaluated by considering information disclosure requirements, cooling-

off rights where applicable, and remedies available to non-sophisticated parties who 

may not fully understand the technical operation of smart contracts they use. 

Innovation promotion is assessed by examining regulatory burdens imposed on 

developers and entrepreneurs, availability of sandbox mechanisms for testing new 

applications, and treatment of novel business models that may not fit existing 

regulatory categories. International compatibility considers alignment with emerging 

international standards from bodies such as FATF and UNCITRAL, and ease of cross-
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border recognition of smart contract-based transactions and rights. 

This research is subject to several limitations that should be considered when 

interpreting findings and assessing their generalizability. First, the rapid pace of 

regulatory development in the blockchain space means that some information 

presented may become outdated shortly after publication; the research reflects the 

regulatory landscape as of December 2024, and readers should verify current status of 

specific provisions before relying on them for compliance purposes. Second, language 

limitations affected access to some primary sources, particularly regarding Uzbekistan 

where official legal texts may be available only in Uzbek or Russian languages; 

professional translations and secondary analyses by local scholars were utilized where 

direct access to original language sources was not feasible. Third, the qualitative 

comparative methodology employed precludes definitive causal claims about 

relationships between regulatory approaches and outcomes such as innovation levels, 

investment attraction, or consumer harm incidence; observed correlations should be 

interpreted cautiously and supplemented with quantitative analysis where data permits. 

III. Results 

A smart contract, in its technical sense, is a self-executing computer program 

stored on a blockchain that automatically performs specified actions when predefined 

conditions encoded in the program are satisfied (Buterin, 2014). Unlike traditional 

contracts that require human interpretation and voluntary performance or judicial 

enforcement, smart contracts operate through algorithmic logic that executes 

deterministically according to programmed instructions. This fundamental difference 

creates both opportunities for efficiency gains through automation and challenges for 

legal systems designed around human agency and judicial discretion. The terminology 

itself presents a significant conceptual challenge: smart contracts are neither inherently 

"smart" in the artificial intelligence sense of exhibiting learning or adaptive behavior, 

nor necessarily "contracts" in the legal sense of creating enforceable obligations 

between parties. 

A critical distinction emerging in recent jurisprudence and regulatory discourse 

is between mutable and immutable smart contracts, a distinction that carries 

significant legal implications. Mutable smart contracts incorporate mechanisms 

allowing authorized parties to update, modify, or halt execution through various 

technical approaches such as proxy patterns or administrative keys. Immutable smart 

contracts, by contrast, execute autonomously once deployed to the blockchain without 

any possibility of human intervention, modification, or termination regardless of 

changed circumstances or unintended consequences. This distinction was central to the 

Fifth Circuit's decision in Van Loon v. Department of the Treasury (2024), which held 

that truly immutable smart contracts cannot constitute "property" subject to sanctions 

because they lack identifiable ownership or control that could be attributed to any 

sanctionable person or entity. The court's reasoning suggests that the degree of human 

control over smart contract execution may determine which legal frameworks apply. 
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The relationship between smart contract code and traditional contract 

documentation raises additional definitional questions that courts and regulators are 

beginning to address. In commercial practice, smart contracts often exist alongside 

conventional written agreements that describe the parties' intentions, rights, and 

obligations in natural language accessible to non-technical readers. When conflicts 

arise between what code actually does and what accompanying documentation says it 

should do, courts must determine which manifestation of party intent should take 

precedence. This "code is law" versus "law is law" tension represents one of the most 

fundamental unresolved questions in smart contract jurisprudence, with different 

jurisdictions and commentators adopting different positions regarding the primacy of 

code versus documented intent. 

The United States has adopted a predominantly state-level approach to smart 

contract regulation, reflecting the federal constitutional structure that reserves general 

contract law to state authority while federal agencies address specific subject matters 

within their statutory mandates. Arizona pioneered explicit smart contract recognition 

in 2017 by amending its Electronic Transactions Act to provide that contract shall not 

be denied legal effect, validity, or enforceability solely because they contain smart 

contract terms. The Arizona legislation defines a smart contract as "an event-driven 

program, with state, that runs on a distributed, decentralized, shared and replicated 

ledger and that can take custody over and instruct transfer of assets on that ledger." 

This technical definition emphasizes operational characteristics while the substantive 

provision focuses on removing potential barriers to legal recognition based solely on 

the technological medium of expression. 

Tennessee followed in 2018 with similar legislation recognizing blockchain 

signatures and records as valid and enforceable under state law. The Tennessee 

approach is notable for its breadth, extending recognition beyond smart contracts 

specifically to encompass blockchain records generally as electronic records under the 

Uniform Electronic Transactions Act (UETA). This approach reflects a technology-

neutral regulatory philosophy that seeks to accommodate blockchain innovation within 

existing legal frameworks rather than creating entirely new regulatory categories that 

might prove rigid or become obsolete as technology evolves. Wyoming has emerged 

as the most progressive jurisdiction for blockchain regulation, becoming the first state 

to recognize decentralized autonomous organizations (DAOs) as distinct legal entity 

types in 2021, while notably requiring that smart contracts used by such organizations 

be capable of upgrade or amendment. 

Federal courts have begun addressing smart contract issues through application 

of existing legal frameworks, creating important precedents that will guide future 

disputes even absent comprehensive federal legislation. In Samuels v. Lido DAO 

(2024), the Northern District of California addressed whether a decentralized 

autonomous organization could be held legally liable despite operating primarily 

through autonomous smart contract code rather than traditional organizational 

structures with identifiable managers and agents. The court held that the DAO could 
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potentially face liability as a general partnership or other recognized entity form, 

emphasizing that human actors within the DAO's governance structure contributed to 

decision-making processes that affected the plaintiff, regardless of the technological 

mediation of their collective action. This decision significantly blurs the conceptual 

line between purely automated code execution and traditional organizational liability 

based on human agency. 

The Uniform Electronic Transactions Act (UETA), adopted by 49 states and the 

District of Columbia, provides foundational legal support for digital contracts but does 

not specifically address blockchain-based agreements or smart contracts. UETA 

establishes the fundamental principle that electronic records and electronic signatures 

satisfy legal requirements for writings and signatures, removing potential statute of 

frauds objections to digital contracting. However, the Act was drafted in 1999 before 

blockchain technology existed, and its application to distributed ledger records 

requires interpretation that may vary across jurisdictions. Only a limited number of 

states have amended their UETA implementations to explicitly include blockchain 

records within the statutory definition of electronic records, suggesting potential need 

for updated uniform law provisions or federal legislation to ensure consistent 

treatment. 

The European Union has developed the most comprehensive regional regulatory 

framework for crypto-assets through the Markets in Crypto-Assets Regulation 

(MiCA), which achieved full applicability in December 2024 after a phased 

implementation period. While MiCA primarily targets the issuance and provision of 

services related to crypto-assets, smart contracts are indirectly regulated through 

provisions governing crypto-asset service providers (CASPs), token issuance 

requirements, and market conduct rules. The regulation creates a harmonized 

authorization and supervision framework across all 27 EU member states, eliminating 

the regulatory fragmentation that previously required businesses to navigate different 

national requirements and complicated cross-border service provision within the single 

market. 

A particularly notable feature of MiCA is its treatment of decentralized finance 

(DeFi) applications and truly decentralized systems. The regulation explicitly provides 

that services provided in a fully decentralized manner without any intermediary are 

excluded from its scope, creating a significant regulatory carve-out for protocols that 

achieve genuine decentralization. However, this exemption is narrowly defined: it 

requires that the service operate in a technically and governance-wise decentralized 

manner, with no legal entity or natural person acting as intermediary or counterparty 

to transactions conducted through the protocol. Regulators are expected to scrutinize 

claims of decentralization carefully, and services that retain meaningful centralized 

control elements despite decentralization rhetoric may find themselves subject to full 

MiCA requirements including authorization, capital requirements, and conduct rules. 

The interaction between blockchain technology and the General Data Protection 

Regulation (GDPR) presents particular challenges for smart contract implementations 
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that process personal data of EU residents. The GDPR's requirements for data 

minimization, purpose limitation, right to erasure upon request, and data portability 

conflict with blockchain's fundamental characteristics of immutability and permanent 

record-keeping (Finck, 2017). When personal data is recorded on a blockchain as part 

of smart contract execution, compliance with erasure requests becomes technically 

impossible without compromising network integrity and the cryptographic chain 

linking blocks together. Various technical approaches have been proposed to address 

this tension, including off-chain storage of personal data with only hashed references 

recorded on-chain, but these solutions introduce complexity and may not fully satisfy 

regulatory requirements in all circumstances. 

Beyond MiCA, the European Commission's proposed Data Act includes 

provisions specifically addressing smart contract technical requirements that would 

apply broadly to smart contracts used in data sharing arrangements. The proposed 

regulation would require that smart contracts incorporate mechanisms enabling safe 

termination and interruption of execution, addressing concerns about the inability to 

modify or halt immutable code when circumstances change or errors are discovered. 

Smart contracts would also need to meet access control requirements ensuring that 

only authorized parties can trigger execution, and robustness requirements 

demonstrating resilience against potential attacks and manipulation attempts. These 

proposed requirements reflect the European regulatory philosophy that prioritizes 

consumer protection and human oversight over purely algorithmic processes, 

representing a more interventionist approach than observed in most other jurisdictions. 

Switzerland has established itself as a globally recognized jurisdiction for 

blockchain innovation through its comprehensive Federal Act on the Adaptation of 

Federal Law to Developments in Distributed Ledger Technology (DLT Act), which 

entered into force in stages beginning August 2021. The Swiss approach is 

characterized by its integration of distributed ledger technology into existing legal 

frameworks rather than creation of entirely separate regulatory regimes, demonstrating 

how established legal concepts can accommodate technological innovation through 

careful adaptation. A key innovation is the creation of "ledger-based securities" 

(Registerwertrechte), which are uncertificated securities that can be validly created, 

transferred, and pledged through registration on distributed ledgers that meet specified 

technical and governance requirements, enabling tokenization of traditional financial 

instruments within legally certain frameworks. 

The Swiss Financial Market Supervisory Authority (FINMA) has issued 

detailed guidance on token classification that provides clarity regarding regulatory 

treatment of different token types. FINMA distinguishes among payment tokens 

functioning as means of exchange, utility tokens providing access to digital services or 

applications, and asset tokens representing claims on assets or issuers analogous to 

traditional securities. Different regulatory requirements apply to each category: 

payment tokens may trigger anti-money laundering obligations, utility tokens 

generally face lighter regulation unless they have investment characteristics, and asset 
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tokens typically fall under securities regulation requiring prospectus disclosure and 

intermediary licensing. This functional classification approach focuses regulatory 

attention on economic substance rather than technological form, providing flexibility 

while maintaining investor protection. 

Singapore's regulatory approach reflects its position as a major international 

financial center and its strategy of becoming a leading fintech and blockchain hub. 

The Electronic Transactions Act provides foundational recognition that electronic 

records and signatures satisfy legal requirements for writings and signatures, applying 

to blockchain records without requiring specific amendment. The Payment Services 

Act 2019 brings cryptocurrency exchanges, digital payment token services, and certain 

DeFi activities under regulatory oversight by the Monetary Authority of Singapore 

(MAS), requiring licensing and compliance with anti-money laundering requirements 

proportionate to assessed risks. Singapore's approach emphasizes technology 

neutrality combined with graduated regulatory intensity based on risk assessment, 

allowing innovative business models to operate while maintaining essential 

protections. 

Both Switzerland and Singapore have established regulatory sandbox programs 

that allow testing of innovative blockchain applications under controlled conditions 

with appropriate safeguards and relaxed regulatory requirements. The Monetary 

Authority of Singapore's FinTech Regulatory Sandbox enables firms to experiment 

with innovative financial products and services in a live market environment with real 

customers, while benefiting from relaxed specific regulatory requirements for the 

duration of the sandbox period. Successful sandbox participants have subsequently 

received full regulatory authorization upon demonstrating compliant operations and 

adequate risk management. Similar programs in Switzerland and Abu Dhabi reflect a 

broader international trend toward experimental, iterative regulatory development in 

the fintech sector that allows regulators to develop expertise and appropriate rules 

through practical experience. 

Uzbekistan has taken significant early steps toward establishing a regulatory 

framework for blockchain technology and smart contracts through Presidential Decree 

No. PP-3832 of July 3, 2018 "On Measures for Development of the Digital Economy 

in the Republic of Uzbekistan" (Постановление Президента Республики 

Узбекистан № ПП-3832, 2018). This foundational decree explicitly defines smart 

contracts as "electronic contracts, the fulfillment of rights and obligations under which 

is carried out by performing digital transactions automatically," providing formal legal 

recognition within the Uzbekistan legal system. The definition emphasizes the 

automated execution characteristic that distinguishes smart contracts from traditional 

agreements while framing them within the broader category of electronic contracts, 

suggesting that general contract law principles apply except where specifically 

modified by blockchain-specific provisions. 

The regulatory framework designates the National Agency for Project 

Management (NAPP) as the primary governmental authority responsible for crypto-
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asset regulation and oversight, providing institutional focus for developing specialized 

expertise. Activities falling within NAPP's regulatory purview include cryptocurrency 

mining operations, smart contract development and deployment, consulting services 

related to blockchain technology, token issuance, exchange operations, custody and 

storage services, and crowdfunding platforms utilizing blockchain technology. The 

initial regulatory framework provided tax exemptions for crypto transactions 

conducted by properly licensed entities, and these favorable tax provisions have been 

subsequently extended and expanded. Presidential Decree No. UP-140 of September 

18, 2024 provides that operations with crypto-assets are fully exempt from taxation 

until January 1, 2029, creating a substantial incentive period intended to attract 

investment and encourage domestic blockchain industry development. 

Recent developments in Uzbekistan include implementation of a regulatory 

sandbox for testing blockchain innovations under controlled conditions, following the 

successful models established in Singapore and other jurisdictions. The government 

has also established collaboration with the United Nations Development Programme 

(UNDP) on initiatives incorporating blockchain technology into public administration 

and service delivery. Research conducted by local legal scholars indicates that 

comprehensive legal frameworks must address crypto-asset regulation, smart contract 

enforceability, digital identity authentication, and data protection requirements to 

successfully integrate blockchain technology into governmental functions and private 

sector applications (Gulyamov, 2023). These studies have informed ongoing 

regulatory development and capacity-building initiatives within relevant government 

agencies. 

Despite these positive developments, significant regulatory challenges and 

limitations remain within the Uzbekistan framework. Residents of Uzbekistan 

currently cannot purchase cryptocurrency through locally licensed exchanges, though 

they may sell previously acquired crypto-assets, creating an asymmetric market 

structure that limits liquidity and price discovery efficiency. Anonymous transactions 

are prohibited, requiring full identity verification for all participants, and crypto-assets 

cannot be used as payment for goods and services within the country, restricting their 

utility to investment and cross-border transfer functions. Mining activities require 

registration with NAPP rather than formal licensing, contrary to some early 

interpretations of the regulatory framework; this distinction affects compliance 

burdens and the intensity of ongoing regulatory oversight. These restrictions reflect a 

cautious regulatory approach that seeks to balance innovation promotion against 

financial stability concerns, consumer protection objectives, and anti-money 

laundering requirements. 

The comparative analysis reveals several persistent challenges that appear 

consistently across jurisdictions regardless of legal tradition, economic development 

level, or specific regulatory approach adopted. First, the fundamental immutability of 

blockchain records creates inherent tension with established contract law principles 

that contemplate modification or termination of contractual obligations based on 
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changed circumstances, mutual agreement, or equitable considerations. Traditional 

contracts allow parties to amend terms by mutual consent, and courts possess doctrinal 

tools including frustration of purpose, commercial impracticability, and 

unconscionability that permit modification or avoidance of agreements when 

enforcement would produce unjust results. Smart contracts executing on immutable 

blockchains may perform automatically regardless of such considerations, raising 

unresolved questions about how these protective doctrines can apply to algorithmic 

agreements (Finck, 2018). 

Second, dispute resolution mechanisms for smart contract conflicts remain 

underdeveloped across all examined jurisdictions, creating significant gaps in 

available remedies when automated execution produces contested outcomes. The 

majority of smart contract disputes that proceed beyond informal resolution are 

currently addressed through private arbitration rather than public court systems, with 

plaintiffs typically facing substantial evidentiary burdens and limited remedies 

compared to traditional contract litigation. National court systems generally lack 

specialized technical expertise to evaluate complex smart contract code, and existing 

procedural rules may not adequately accommodate the unique evidentiary and 

interpretive issues that blockchain-based disputes present. Proposals for specialized 

blockchain tribunals or technology courts have been advanced in academic literature 

but have rarely been implemented, leaving parties to navigate general commercial 

dispute resolution procedures designed for traditional contractual relationships. 

Third, jurisdictional complexity significantly complicates enforcement of smart 

contract obligations and resolution of cross-border disputes involving blockchain-

based transactions. Smart contracts operate on decentralized networks that process 

transactions without reference to geographic boundaries or national legal systems, 

while traditional legal enforcement mechanisms depend fundamentally on territorial 

jurisdiction and the ability to compel compliance from persons or assets located within 

sovereign reach. Determining which jurisdiction's substantive law should govern a 

smart contract transaction is frequently unclear, particularly when participants interact 

pseudonymously or are geographically dispersed across multiple countries with 

different legal frameworks (Alawsi et al., 2025). Choice of law clauses embedded in 

smart contracts or accompanying documentation may provide clarity for sophisticated 

parties who understand their implications, but offer limited protection for ordinary 

consumers who may not appreciate the consequences of forum selection. 

Fourth, technical literacy among legal professionals, regulators, and judges 

remains insufficient to support fully effective smart contract regulation and dispute 

adjudication in most jurisdictions. Lawyers advising clients on smart contract matters 

must understand not only what the code does technically but also whether it accurately 

implements the parties' commercial intentions and complies with applicable legal 

requirements across potentially multiple jurisdictions. Research indicates that unclear 

regulatory frameworks and ambiguous smart contract coding practices both contribute 

significantly to the incidence of disputes, suggesting that improved clarity on both 
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legal and technical dimensions could reduce transaction costs and increase market 

confidence. Law schools have begun incorporating blockchain and smart contract 

content into curricula, but workforce development significantly lags current market 

needs for professionals with combined legal and technical expertise. 

Fifth, anti-money laundering and counter-terrorism financing requirements 

present particular challenges for smart contract platforms and decentralized 

applications. The pseudonymous nature of blockchain transactions complicates 

customer identification, transaction monitoring, and suspicious activity reporting 

obligations that apply to financial service providers in virtually all jurisdictions. The 

Financial Action Task Force (FATF) has issued comprehensive guidance requiring 

virtual asset service providers to implement AML/CFT programs comparable to those 

of traditional financial institutions, including the "travel rule" requiring transmission 

of originator and beneficiary information with cryptocurrency transfers exceeding 

specified thresholds. Compliance with these requirements is technically challenging 

for decentralized protocols that lack central operators who could implement required 

controls, creating unresolved tension between regulatory objectives and technological 

architecture. 

IV. Discussion 

A. Comparative Analysis of Regulatory Approaches 

The comparative analysis reveals a spectrum of regulatory approaches to smart 

contracts ranging from explicit statutory recognition with detailed definitional 

provisions to application of existing legal principles without blockchain-specific 

legislation. Each approach involves tradeoffs that different jurisdictions have resolved 

differently based on their legal traditions, policy priorities, and institutional capacities. 

The United States state-level experimentation model has produced valuable regulatory 

innovation and useful precedents that other jurisdictions have studied and sometimes 

adopted, but the resulting lack of national uniformity creates compliance complexity 

for businesses operating across state lines and uncertainty about potential federal 

preemption. Businesses must navigate potentially conflicting requirements in different 

states, increasing transaction costs and potentially deterring smaller market 

participants who cannot afford sophisticated multi-jurisdictional compliance 

programs. 

The European Union's comprehensive harmonization approach through MiCA 

addresses fragmentation concerns within the single market and provides regulatory 

certainty that should facilitate cross-border business development. However, the 

detailed and prescriptive character of EU regulation may prove insufficiently flexible 

to accommodate rapid technological evolution, potentially requiring frequent 

legislative amendment as blockchain architectures and smart contract capabilities 

develop in directions that current rules did not anticipate. The DeFi exemption, while 

innovative in concept, creates implementation challenges regarding how regulators 

will assess claimed decentralization and may invite regulatory arbitrage through 
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technical structures designed to satisfy exemption criteria while retaining effective 

centralized control. Experience with MiCA implementation over coming years will 

provide valuable lessons about the benefits and limitations of comprehensive 

supranational harmonization. 

Switzerland and Singapore demonstrate that smaller jurisdictions can achieve 

global regulatory leadership in blockchain and fintech sectors through technology-

neutral frameworks combined with regulatory sandbox experimentation and 

supportive ecosystem development. Their success reflects not only well-designed legal 

frameworks but also complementary factors including deep existing financial sector 

expertise, stable and transparent governance, strong rule of law, and deliberate 

international orientation. These jurisdictions have attracted substantial blockchain 

investment and talent despite lacking the market scale of larger economies such as the 

United States or European Union, suggesting that regulatory quality and predictability 

can partially compensate for smaller market size. However, replicating their success 

requires attention to the full constellation of enabling conditions rather than legal 

framework design alone. 

B. Theoretical and Practical Implications 

The research findings carry significant theoretical implications for contract law 

scholarship and doctrine. The emergence of self-executing agreements that perform 

automatically without human interpretation or judicial enforcement challenges 

traditional conceptions of contracts as promises enforced through legal institutions. If 

smart contracts can achieve certain performance without court intervention, the role of 

contract law must shift from enforcement toward ex ante regulation of formation 

processes, interpretation of contested terms when code produces unexpected results, 

and provision of remedies when automated execution causes harm that parties did not 

anticipate. This conceptual shift requires rethinking fundamental doctrines developed 

for human-drafted agreements and considering how principles like consideration, 

mistake, frustration, and unconscionability should apply to algorithmic contracting 

arrangements. 

Practically, the research provides actionable guidance for various stakeholder 

groups navigating smart contract regulation. For legislators and regulators, the 

comparative analysis suggests that technology-neutral, principles-based approaches 

generally provide greater durability than detailed technology-specific rules, while 

explicit statutory recognition of smart contracts reduces legal uncertainty without 

necessarily requiring comprehensive substantive regulation. Regulatory sandboxes 

have proven valuable mechanisms for developing expertise and appropriate rules 

through controlled experimentation. For legal practitioners advising clients, the 

analysis clarifies the current state of compliance requirements across major 

jurisdictions and identifies key issues requiring contractual attention including choice 

of law provisions, dispute resolution forum selection, and technical specifications for 

amendment mechanisms. 

For Uzbekistan specifically, the comparative analysis suggests several concrete 
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directions for regulatory development that could enhance the existing framework 

while maintaining appropriate protections. Clarifying guidance from the Ministry of 

Justice on how the smart contract definition in Presidential Decree PP-3832 interacts 

with existing Civil Code contract provisions would reduce legal uncertainty without 

requiring time-consuming legislative amendment. Development of specialized dispute 

resolution mechanisms with combined legal and technical expertise, potentially 

through designation of specialized court panels or approved arbitration bodies, would 

address the adjudication capacity gap identified across jurisdictions. Graduated 

relaxation of restrictions on crypto-asset acquisition could be considered as regulatory 

enforcement capacity increases and market conduct standards are established, 

potentially beginning with licensed exchanges serving verified residents meeting 

financial sophistication or net worth thresholds similar to approaches used for complex 

financial products in other markets. 

C. Future Regulatory Directions and Recommendations 

The analysis suggests that future regulatory development will likely proceed 

along several parallel tracks at domestic, regional, and international levels. 

Domestically, jurisdictions without specific smart contract legislation will continue 

adapting existing legal frameworks through judicial interpretation, regulatory 

guidance, and administrative practice, while jurisdictions with established frameworks 

will refine them based on implementation experience and technological evolution. The 

European Union's extensive experience with MiCA implementation over coming years 

will provide important lessons about comprehensive harmonization approaches that 

may inform regulatory design in other regional blocs considering similar initiatives. At 

the international level, coordination efforts through organizations including 

UNCITRAL, FATF, and the Financial Stability Board will likely produce model 

provisions, guidance documents, and potentially standards that inform domestic 

regulatory choices, though binding international agreements remain unlikely in the 

near term given the pace of technological change and diversity of national priorities. 

Technological developments will continue shaping regulatory evolution in ways 

that are difficult to predict with precision. The emergence of more sophisticated smart 

contract platforms incorporating built-in compliance features, formal verification 

capabilities, and flexible upgradeability mechanisms may address some current 

regulatory concerns about immutability and error correction. Decentralized identity 

solutions under development could enable compliance with customer identification 

requirements while preserving privacy attributes that users value. Layer 2 scaling 

solutions, alternative consensus mechanisms, and cross-chain interoperability 

protocols may change the technical characteristics that inform current regulatory 

approaches. Regulators must remain attentive to technological evolution while 

maintaining focus on underlying policy objectives rather than specific technological 

implementations that may become obsolete or be superseded. 
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Conclusion 

The legal recognition of smart contracts represents one of the most significant 

challenges confronting contemporary legal systems as they adapt to accelerating 

digital transformation of commercial relationships and economic activity. This 

comparative analysis demonstrates that jurisdictions have adopted diverse regulatory 

approaches reflecting their distinct legal traditions, economic development priorities, 

institutional capacities, and risk tolerances. No single approach has emerged as 

definitively optimal for all contexts, and the choice among regulatory strategies 

involves genuine tradeoffs that different societies may reasonably resolve differently 

based on their specific circumstances and values. However, certain principles appear 

consistently across successful regulatory frameworks: technology neutrality that 

avoids premature commitment to specific implementations, clear definitional 

foundations providing legal certainty for market participants, proportionate regulatory 

requirements reflecting actual rather than hypothetical risks, and mechanisms for 

adaptive regulatory learning as technology continues evolving. 

For developing economies like Uzbekistan, the challenge is to balance 

promotion of digital economy innovation against requirements for consumer 

protection, financial system stability, and institutional capacity limitations that may 

constrain enforcement of complex regulatory frameworks. The existing Uzbekistan 

regulatory framework established through Presidential Decree PP-3832 and 

subsequent instruments provides a meaningful foundation through explicit smart 

contract definition, dedicated regulatory authority in NAPP, and favorable tax 

treatment through 2029. However, enhancement is needed in several dimensions 

including clarification of how smart contracts interact with Civil Code contract 

provisions, development of specialized dispute resolution mechanisms with technical 

expertise, graduated liberalization of market access restrictions as regulatory capacity 

develops, and continued investment in human capital development for legal 

professionals, regulators, and judges who must navigate increasingly complex 

technological terrain. 

Based on the comparative analysis, future regulatory development should 

address several priority areas: (1) clear criteria for determining when smart contracts 

satisfy traditional contract formation requirements, ideally through authoritative 

legislation or regulatory guidance; (2) standardized dispute resolution mechanisms 

including specialized tribunals or designated arbitration bodies with combined legal 

and technical expertise; (3) international harmonization through active participation in 

model law development and bilateral or regional recognition arrangements; (4) 

technical standards for smart contract security, auditability, and interoperability 

developed through collaboration between regulators, industry participants, and 

technical experts; and (5) comprehensive educational programs to enhance technical 

literacy among legal professionals, regulators, judges, and the broader public who will 

increasingly encounter smart contracts in daily commercial life. 

The evolution of smart contract regulation will ultimately depend on the ability 
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of legal systems to adapt traditional principles developed for human-drafted 

agreements to accommodate technological innovation while maintaining fundamental 

protections for contracting parties that justify legal intervention in private ordering. 

Universally accepted principles for smart contract recognition and enforcement are 

increasingly important for protecting legitimate rights and ensuring transaction 

validity across borders in an interconnected global digital economy. The comparative 

perspective provided by this research offers foundation for developing such principles 

while acknowledging the legitimate diversity of national and regional approaches 

reflecting different institutional contexts, cultural values, and development priorities 

that characterize our pluralistic international legal order. 
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