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Abstract 

The Jetsons (1962) imagined a future characterized by automation, 

instant transactions, and technologies capable of anticipating and responding to 

human needs. Six decades later, advances in digital assets, artificial intelligence 

(AI), decentralized finance, programmable money, embedded finance, and next-

generation payment technologies suggest that elements of this vision are 

increasingly becoming part of financial infrastructure. This study examines ten 

emerging financial technologies through an integrative and conceptually 

oriented review, focusing on their collective contribution to increasingly 

autonomous financial systems. 

The analysis organizes these technologies across three interconnected 

dimensions: programmable financial infrastructure, intelligent and autonomous 

financial decision-making, and ambient financial interfaces. Their convergence 

may progressively automate financial decision-making and execution, reduce 

transactional friction, and reconfigure rather than eliminate financial 

intermediation, while generating challenges related to accountability, privacy, 

systemic risk, governance, and financial inclusion. 

The study develops an integrative conceptual framework in which 

autonomous finance is understood as an emergent outcome of interactions 

among programmable, intelligent, and ambient financial capabilities, rather than as the consequence of any single 

technology. The framework highlights how their convergence may reshape financial systems and the institutional 

and governance conditions influencing this transition. 

 

Keywords: autonomous finance; financial innovation; programmable finance; artificial intelligence; embedded 

finance; digital assets; fintech. 

 

1. Introduction 

Popular futurism has long served as a cultural benchmark against which technological progress is 

measured. The Jetsons portrayed a world in which financial and domestic tasks were highly automated: 

bills were paid by machines, purchases were instantaneous, and routine decision-making was delegated 

to intelligent systems. For much of the twentieth century, this vision remained speculative. However, the 

past decade has produced a cluster of financial innovations that increasingly resemble this frictionless and 

automated financial environment. 

Developments in cryptocurrency, artificial intelligence (AI), decentralized finance (DeFi), central bank 

digital currencies (CBDCs), asset tokenization, embedded finance, and next-generation payment 

technologies illustrate a broader transformation of financial systems. Existing research has documented 

important aspects of this transition, including cryptocurrencies as a distinct financial asset class (Corbet et 
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al., 2019), the structural implications of fintech, cryptocurrencies, and CBDCs (Allen et al., 2022), the 

expansion of AI applications in finance (Cao, 2022; Bahoo et al., 2024), and the disaggregation of 

traditional banking through digital finance and fintech (Gomber et al., 2017). Yet these technologies are 

predominantly examined as separate innovations or within specialized streams of financial research. 

This paper addresses this fragmentation by examining ten emerging financial technologies as 

complementary components of an evolving financial architecture rather than as isolated technological 

developments. The central argument is that their convergence reflects a transition toward a financial 

system that is increasingly programmable, intelligent, and ambient. Rather than asking only what each 

innovation contributes individually, the study considers what new understanding emerges when these 

technologies are examined collectively as interacting components of an increasingly autonomous financial 

ecosystem. 

The study contributes by organizing the selected innovations within an integrative three-layer 

architecture and by examining how their convergence reshapes financial intermediation, automation, and 

transactional friction while generating broader societal and governance implications. Accordingly, the 

study aims to develop an integrative understanding of how emerging financial technologies collectively 

contribute to the transition toward increasingly autonomous financial ecosystems. Specifically, it seeks to: 

O1: examine the functional roles of ten emerging financial technologies within programmable, intelligent, 

and ambient dimensions of finance; 

O2: analyse how the convergence of these technologies contributes to an integrated autonomous financial 

architecture; and 

O3: identify the principal societal, risk, and governance implications associated with this transition. 

The remainder of the paper develops the research background and theoretical foundations, explains 

the review design and selection criteria, and analyses the ten technologies within the proposed three-layer 

architecture. It then presents an integrative conceptual framework, examines societal and governance 

implications, and discusses the broader conceptual contribution, limitations, and directions for future 

research. 

2. Background Research and Theoretical Foundations 

The digital transformation of finance has progressively altered how financial assets, transactions, 

and services are created, delivered, and governed. Earlier developments in electronic banking and digital 

payments have evolved into a broader financial technology ecosystem encompassing cryptocurrencies, 

digital assets, decentralized finance (DeFi), central bank digital currencies (CBDCs), and increasingly 

programmable forms of money and financial services. These developments have challenged conventional 

distinctions between financial institutions, technological infrastructures, and market participants. 

Cryptocurrencies represented an important stage in this transformation by demonstrating that 

digitally native assets could be transferred through decentralized networks, while subsequent 

developments such as stablecoins and regulated crypto investment products have increasingly connected 

digital assets with conventional financial markets. Research has consequently examined cryptocurrencies 

not only as technological innovations but also as a distinct financial asset class with implications for market 

structure and financial intermediation (Corbet et al., 2019). 

The emergence of DeFi, CBDCs, and asset tokenization extends this transformation toward 

programmable finance. Smart-contract infrastructures allow financial transactions and services to be 

executed digitally under predefined conditions, while CBDCs demonstrate that digital transformation also 

extends to sovereign forms of money (Allen et al., 2022). Tokenization further broadens this process by 

enabling conventional assets and associated rights to be represented within digital infrastructures. 
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More broadly, fintech has contributed to the restructuring of financial intermediation by allowing 

functions traditionally bundled within banks and other established institutions to be separated, recombined, 

and delivered through specialized digital platforms (Gomber et al., 2017). Digital transformation should 

therefore be understood not simply as the adoption of new technologies, but as an evolving reconfiguration 

of financial infrastructures, services, and intermediation. This development provides the foundation for the 

programmable dimension of the autonomous financial architecture examined later in the study. 

Alongside the development of programmable financial infrastructure, artificial intelligence has 

expanded the capacity of financial systems to analyse information, generate predictions, automate 

decisions, and interact with users. AI applications increasingly extend across investment management, 

credit assessment, fraud detection, trading, customer services, and risk management, reflecting a broader 

transition from technology-assisted financial analysis toward increasingly automated decision-making 

(Cao, 2022; Bahoo et al., 2024). 

In investment management, machine-learning techniques can process large and heterogeneous 

datasets, identify patterns, and support portfolio and trading decisions at scales difficult to achieve through 

conventional human analysis. More recent developments in agentic AI extend this trajectory beyond 

decision support toward systems capable of pursuing objectives through coordinated sequences of actions 

with reduced direct human intervention. When combined with programmable financial infrastructures, such 

capabilities create the possibility of increasingly integrated processes in which financial analysis, decision-

making, and execution become progressively automated. 

These developments also raise concerns regarding model transparency, data quality, bias, 

accountability, and dependence on technological infrastructures. Emerging computational technologies, 

including quantum computing, may further expand the capacity for complex financial optimization and risk 

modelling, although their practical financial applications remain comparatively prospective. Together, 

these developments provide the foundation for the intelligent and autonomous decision-making dimension 

examined later in the study. 

Taken individually, digital assets, DeFi, AI, CBDCs, embedded finance, biometric payments, and 

other emerging technologies represent distinct streams of financial innovation. Examined collectively, 

however, they indicate a broader socio-technical transition from digital finance toward increasingly 

autonomous financial ecosystems. 

Three interconnected developments are particularly relevant. Programmability enables financial 

assets, transactions, and rules to be represented and executed digitally. Intelligence allows financial 

systems to analyse data, generate predictions, recommend actions, and increasingly support autonomous 

decision-making. Ambient integration embeds financial services within digital platforms, devices, and 

everyday interactions, making finance less visible as a separate activity. 

Existing scholarship provides extensive analysis of individual components of this transformation, 

including cryptocurrencies and digital assets (Corbet et al., 2019), fintech and changing financial 

intermediation (Gomber et al., 2017), AI in finance (Cao, 2022; Bahoo et al., 2024), and the interaction 

between fintech, cryptocurrencies, and CBDCs (Allen et al., 2022). However, these streams remain 

comparatively fragmented. Less attention has been devoted to explaining how their convergence may 

produce an integrated financial architecture combining programmability, autonomous intelligence, and 

ambient interfaces. 

This gap provides the conceptual basis for the present study. Rather than examining emerging 

financial technologies as isolated developments, the paper analyses how ten innovations collectively 

contribute to an evolving autonomous financial ecosystem. The programmable–intelligent–ambient 

distinction therefore serves as the organizing framework for the subsequent analysis. 
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3. Review Design and Selection Criteria 

This study adopts an integrative and conceptually oriented review approach to examine a selected 

set of emerging financial technologies and assess their collective contribution to the development of 

increasingly automated financial systems. Rather than attempting to provide an exhaustive review of all 

financial innovations, the analysis focuses on ten technologies that represent distinct but interconnected 

dimensions of contemporary financial transformation. 

The selection of the ten innovations was guided by five criteria derived from the objectives of the 

study: 

▪ Transformative potential – the extent to which the technology may alter established financial 

processes, institutions, or market structures.  

▪ Degree of automation – the extent to which the innovation reduces direct human involvement in 

financial decision-making, transaction execution, intermediation, or service delivery.  

▪ Technological maturity and emerging adoption – evidence that the innovation has moved beyond 

purely speculative development and demonstrates current or plausible application within financial 

markets or services.  

▪ Societal and institutional relevance – the potential implications of the technology for financial 

inclusion, privacy, regulation, market structure, governance, and the relationship between financial 

institutions and users.  

▪ Complementarity within the emerging financial architecture – the extent to which the technology 

contributes to, or interacts with, the broader transition toward programmable, intelligent, and ambient 

finance.  

Applying these criteria resulted in the selection of cryptocurrency and stablecoins, crypto ETFs, AI 

in investment management, agentic AI, DeFi, CBDCs, tokenization of real-world assets, embedded finance 

and Banking-as-a-Service, biometric and voice-activated payments, and quantum-enhanced financial risk 

modelling. 

The review draws on the scholarly and institutional literature used throughout the study to examine 

the technological foundations, current applications, potential benefits, and emerging risks associated with 

these innovations. The analysis is conceptual and integrative rather than systematic; accordingly, the study 

does not seek to estimate the prevalence or effect size of particular technologies or to claim exhaustive 

coverage of the literature. Instead, the selected evidence is used to identify common patterns and 

relationships across otherwise distinct streams of financial innovation. 

The analytical process involved two stages. The technologies were first examined individually to 

identify their principal functions, current trajectories, and associated opportunities and risks. They were 

then compared and synthesized according to their predominant role within the proposed financial 

architecture. This process resulted in three interconnected dimensions: programmable financial 

infrastructure, intelligent and autonomous financial decision-making, and ambient and invisible financial 

interfaces. 

This classification provides the analytical bridge between the review design and the subsequent 

analysis. Importantly, the three dimensions are not treated as mutually exclusive technological categories. 

Some innovations interact across layers; rather, the classification identifies their primary functional 

contribution to the emerging architecture. The following section therefore reorganizes the ten innovations 

within these three dimensions to examine not only their individual characteristics but also their 

complementarities and contribution to an increasingly autonomous financial ecosystem. 
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4. Emerging Architecture of Autonomous Finance 

The ten technologies examined in this study represent different stages and functions within the 

transformation of contemporary financial systems. While each has developed through a distinct 

technological and institutional trajectory, their significance becomes more apparent when they are 

considered as components of an emerging financial architecture. Based on their primary functional 

contribution, the technologies are organized into three interconnected dimensions: programmable financial 

infrastructure, intelligent and autonomous financial decision-making, and ambient and invisible financial 

interfaces. 

This classification does not imply that the technologies operate independently or belong exclusively 

to one layer. Rather, it identifies their predominant role within an increasingly integrated financial 

ecosystem. Programmable technologies provide digital infrastructures through which assets, transactions, 

and financial rules can be encoded and executed; intelligent technologies increasingly automate analysis 

and decision-making; and ambient technologies embed financial functions into everyday platforms and 

user interactions. Together, these dimensions illustrate how financial systems may evolve from isolated 

digital innovations toward increasingly autonomous financial ecosystems. 

4.1. Programmable Financial Infrastructure 

The programmable dimension comprises technologies that transform money, assets, and financial 

services into digitally executable forms. Cryptocurrency and stablecoins, crypto ETFs, decentralized 

finance (DeFi), central bank digital currencies (CBDCs), and tokenization of real-world assets represent 

different manifestations of this transformation. Although their governance structures and levels of 

decentralization differ substantially, each contributes to an environment in which financial value can 

increasingly be represented, transferred, accessed, or managed through digital infrastructures. 

Cryptocurrency and Stablecoins 

Cryptocurrency represents one of the earliest and most visible manifestations of programmable 

finance. Bitcoin demonstrated that digitally native value could be transferred through decentralized 

networks without exclusive dependence on traditional financial intermediaries. Subsequent 

cryptocurrencies expanded this model, while stablecoins sought to address the volatility associated with 

conventional crypto-assets by linking digital tokens to fiat currencies or other reference assets. 

The financial significance of cryptocurrency has consequently evolved beyond its initial role as an 

alternative payment mechanism. Cryptocurrencies are increasingly examined as a distinct financial asset 

class, raising questions regarding diversification, portfolio management, market efficiency, volatility, and 

regulation (Corbet et al., 2019). Stablecoins add another dimension by providing a comparatively stable 

medium through which transactions can occur within digital financial ecosystems. 

From the perspective of autonomous finance, their importance lies in programmability and 

interoperability. Digital assets can interact with smart contracts, decentralized applications, and other 

blockchain-based infrastructures, enabling transactions and financial rules to be executed automatically 

under predefined conditions. At the same time, volatility, regulatory uncertainty, cybersecurity risks, and 

questions regarding reserve quality and governance continue to constrain broader adoption (Fauzi et al., 

2020). 

Crypto Exchange-Traded Funds 

Crypto exchange-traded funds represent an important bridge between digitally native assets and 

conventional regulated financial markets, broadening access to cryptocurrency exposure through 

established investment structures (Liu & Yang, 2024). Rather than requiring investors to hold and manage 
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crypto-assets directly, ETFs provide exposure through familiar investment structures and established 

market infrastructures. 

Their significance within the emerging architecture is therefore somewhat different from that of 

cryptocurrencies themselves. Crypto ETFs do not create a new programmable financial infrastructure; 

instead, they connect emerging digital assets with traditional financial intermediation, potentially 

broadening institutional and retail participation. This illustrates how technological transformation may occur 

not only through replacement of existing institutions but also through hybridization between new and 

established financial arrangements. 

The growth of regulated investment vehicles can support accessibility and institutional adoption, but 

it may also reintroduce intermediaries into an ecosystem originally associated with disintermediation. 

Crypto ETFs therefore demonstrate an important tension within autonomous finance: technological 

innovation can reduce some forms of intermediation while simultaneously creating new institutional 

dependencies. 

Decentralized Finance 

DeFi extends programmability from digital assets to financial services. Through blockchain-based 

smart contracts, activities such as lending, borrowing, trading, liquidity provision, and asset exchange can 

be executed without relying exclusively on conventional centralized intermediaries (Cong & He, 2019; 

Zetzsche et al., 2020). 

This represents a more substantial step toward automated finance because the infrastructure does 

not merely digitize an asset; it enables financial rules and transactions themselves to be executed through 

code. Smart contracts can automatically perform predefined actions when specified conditions are 

satisfied, potentially reducing settlement friction and enabling continuous financial activity. 

However, automation through code also creates distinctive risks. Smart-contract vulnerabilities, 

governance failures, liquidity shocks, oracle dependence, and regulatory uncertainty may transfer risk from 

conventional intermediaries to technological infrastructures. DeFi therefore illustrates a recurring 

characteristic of autonomous finance: intermediation may not disappear but instead migrate from 

institutions toward protocols, software, and governance mechanisms. 

Central Bank Digital Currencies 

CBDCs introduce programmability within a fundamentally different institutional setting. Unlike 

decentralized cryptocurrencies, CBDCs are sovereign digital currencies issued or supported by central 

banks. Their development demonstrates that the digital transformation of money is occurring across both 

decentralized and state-based financial systems (Allen et al., 2022). 

CBDCs may support more efficient payments, settlement, financial inclusion, and integration with 

increasingly digital financial infrastructures (Auer & Böhme, 2020; Barrdear & Kumhof, 2022). Depending 

on their design, they may also facilitate new forms of conditional or programmable payment functionality. 

Their development therefore has implications for the relationship between citizens, commercial banks, 

central banks, and payment infrastructures. 

At the same time, CBDCs raise significant questions regarding financial privacy, surveillance, 

cybersecurity, monetary sovereignty, and the future role of commercial banks. These concerns 

demonstrate that technological efficiency cannot be separated from institutional design and governance. 
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Tokenization of Real-World Assets 

Tokenization extends programmable finance beyond digitally native assets by representing 

ownership claims or economic rights associated with real-world assets in digital form. Assets such as 

securities, real estate, commodities, or other financial claims can potentially be divided, transferred, and 

managed through token-based infrastructures. 

The potential advantages include fractional ownership, increased liquidity, faster settlement, 

improved transparency, and broader market access (Sazandrishvili, 2020). Tokenization may therefore 

reduce some of the operational barriers associated with traditionally illiquid or administratively complex 

assets. 

Its broader importance lies in the possibility of creating an environment in which both digitally native 

and conventional assets can interact within programmable financial infrastructures. Nevertheless, legal 

recognition, ownership rights, interoperability, custody, valuation, and regulatory treatment remain 

significant constraints. Tokenization thus illustrates the dependence of technological programmability on 

legal and institutional infrastructures. 

Taken together, these five innovations constitute the programmable layer of the proposed 

architecture. They progressively transform money, assets, market access, and financial transactions into 

digitally represented and increasingly executable forms. Yet they also demonstrate that programmability 

does not eliminate institutional requirements; rather, it changes the mechanisms through which trust, 

ownership, and intermediation are organized. 

4.2. Intelligent and Autonomous Financial Decision-Making 

If the programmable layer provides the infrastructure through which financial actions can be 

executed, the intelligent layer concerns the capacity to determine which actions should be taken and under 

what conditions. Three technologies are particularly relevant: AI in investment management, agentic AI, 

and quantum-enhanced financial risk modelling. 

Artificial Intelligence in Investment Management 

AI has become increasingly important across investment analysis, portfolio management, trading, 

forecasting, fraud detection, and risk assessment. Machine-learning systems can analyse large volumes 

of structured and unstructured data, identify patterns, and generate predictions that may support or 

automate financial decisions (Cao, 2022; Bahoo et al., 2024). 

In investment management, these capabilities can enhance portfolio construction, market 

monitoring, asset selection, and risk evaluation. The transition is important because financial technology 

moves beyond the automation of routine processes toward the automation of analytical and decision-

making functions traditionally performed by financial professionals (Belanche et al., 2019). 

Nevertheless, AI-driven financial decision-making introduces risks associated with opacity, data 

quality, bias, model instability, and accountability. If multiple market participants rely on similar models or 

datasets, automated strategies may also contribute to correlated behaviour and market instability. 

Consequently, increased analytical capability must be accompanied by appropriate mechanisms for 

human oversight and governance. 

Agentic AI and Autonomous Financial Agents 

Agentic AI represents a further development from analytical assistance toward autonomous action. 

Whereas conventional AI applications generally perform specific tasks or provide recommendations, 

agentic systems may be capable of pursuing objectives through sequences of decisions and actions with 

reduced direct human intervention (Gong, 2026). 
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In a financial context, autonomous agents could potentially monitor markets, evaluate opportunities, 

rebalance portfolios, execute transactions, manage payments, or interact with other digital systems. Their 

significance becomes particularly evident when combined with programmable infrastructures: an AI agent 

could theoretically identify a financial action and execute it directly through digital assets, smart contracts, 

or embedded financial services. 

This convergence marks an important transition toward autonomous financial agency. However, it 

also intensifies questions of accountability. When an autonomous system makes and executes a financial 

decision, responsibility may be distributed among users, developers, financial institutions, data providers, 

and platform operators. Explainability, authorization, cybersecurity, and regulatory responsibility therefore 

become central governance concerns. 

Quantum-Enhanced Financial Risk Modelling 

Quantum computing represents the most prospective technology within the intelligent layer. Its 

current financial applications remain comparatively immature, but its potential lies in addressing 

computational problems that are difficult for conventional systems, including complex optimization, 

simulation, and risk modelling. 

In finance, such capabilities may eventually support portfolio optimization, derivative pricing, 

scenario analysis, and complex risk modelling (Orús et al., 2019). Quantum-enhanced computation could 

therefore complement AI by expanding the scale and complexity of financial problems that automated 

systems are able to process. 

At the same time, quantum computing may introduce significant technological inequality because 

access to advanced computational resources is likely to be concentrated among large institutions and 

technologically advanced economies. Quantum development also has implications for cybersecurity, 

particularly where future computational capabilities could challenge existing cryptographic systems. Its 

role in autonomous finance must therefore be understood as both an opportunity for enhanced financial 

intelligence and a potential source of new asymmetries and systemic vulnerabilities. 

Beyond risk modelling and optimization, quantum technologies may also influence the future security 

architecture of financial transactions. Experimental work on quantum-digital payments demonstrates the 

potential of quantum communication principles to support payment mechanisms with enhanced security 

properties (Schiansky et al., 2023). 

Collectively, these technologies constitute the intelligent layer of the emerging architecture. Their 

shared trajectory is a progressive movement from human-supported analysis toward automated 

prediction, decision-making, and potentially autonomous execution. 

4.3. Ambient and Invisible Financial Interfaces 

The third dimension concerns how financial services are experienced by users. While programmable 

infrastructure changes how financial transactions are executed and intelligent systems change how 

decisions are made, ambient finance reduces the visibility of finance as a separate activity. Embedded 

finance and Banking-as-a-Service, together with biometric and voice-activated payments, illustrate this 

transition. 

Embedded Finance and Banking-as-a-Service 

Embedded finance integrates financial products and services directly into non-financial platforms 

and commercial environments (Dresner et al., 2022). Payments, credit, insurance, savings, and other 

financial functions can increasingly be accessed within digital ecosystems without requiring users to 

interact separately with a conventional financial institution. 
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Banking-as-a-Service supports this transformation by enabling firms to incorporate financial 

functionality through technological and regulatory infrastructures provided by specialized partners (Kandir 

& Haseki, 2026). This development reflects the broader disaggregation of traditional banking functions 

associated with fintech transformation (Gomber et al., 2017). 

The result is a shift from finance as a destination toward finance as an embedded function. 

Consumers may access financial services at the moment they are needed within commercial, digital, or 

social interactions. Such convenience may reduce transactional friction and expand access, but it can also 

increase market concentration around dominant platforms, blur institutional responsibilities, and raise 

questions concerning consumer protection and data governance. 

Biometric and Voice-Activated Payments 

Biometric and voice-activated payments extend ambient finance to the interface through which 

transactions are authorized. Fingerprints, facial recognition, voice authentication, and related technologies 

can reduce reliance on passwords, cards, or other conventional payment credentials. Their significance 

within the proposed architecture lies in making the payment process increasingly invisible and integrated 

into natural user behaviour. At the same time, research on biometric mobile payments highlights the 

interaction between convenience and adoption benefits and persistent concerns regarding perceived risk, 

security, and privacy (Liébana-Cabanillas et al., 2024). 

However, biometric systems create distinctive privacy and security concerns. Unlike passwords, 

biometric characteristics cannot easily be replaced if compromised. Questions regarding consent, storage, 

ownership, surveillance, accuracy, and discriminatory error rates therefore become particularly important 

as these technologies expand. Together, embedded finance and biometric interfaces constitute the 

ambient layer, connecting increasingly programmable and intelligent financial infrastructures with 

everyday economic behaviour. 

Table 1 synthesizes the ten technologies according to their primary position within the proposed 

architecture, their principal financial function, contribution to increasing financial autonomy, and associated 

risks. The classification highlights their functional complementarity rather than treating the technologies as 

isolated innovations. 

Table 1. Emerging Financial Technologies within the Proposed Autonomous Finance Architecture 

Architectural 
dimension 

Emerging 
technology 

Primary financial 
function 

Contribution to 
autonomous finance 

Key risks/challenges 

Programmable 
Financial 
Infrastructure 

Cryptocurrency 
and Stablecoins 

Digital transfer and 
programmable value 

Enables digitally native 
and automated 
transactions 

Volatility, reserve 
quality, regulation, 
cybersecurity 

Crypto ETFs 
Regulated exposure 
to digital assets 

Connects digital assets 
with conventional 
financial markets 

Intermediary 
dependence, market 
volatility 

Decentralized 
Finance (DeFi) 

Smart-contract-
based financial 
services 

Automates lending, 
trading, borrowing, and 
liquidity provision 

Smart-contract 
vulnerabilities, liquidity 
and governance risks 

Central Bank 
Digital Currencies 
(CBDCs) 

Sovereign digital 
money 

Integrates state-backed 
money with digital 
financial infrastructure 

Privacy, surveillance, 
cybersecurity, banking 
disintermediation 

Tokenization of 
Real-World 
Assets 

Digital representation 
of asset rights 

Extends programmability 
to conventional assets 

Legal recognition, 
custody, 
interoperability, 
valuation 

Intelligent and 
Autonomous 
Financial 

AI in Investment 
Management 

Data analysis, 
prediction, portfolio 
management 

Automates financial 
analysis and decision 
support 

Bias, opacity, model 
instability, 
accountability 
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Architectural 
dimension 

Emerging 
technology 

Primary financial 
function 

Contribution to 
autonomous finance 

Key risks/challenges 

Decision-
Making 

Agentic AI 
Autonomous multi-
step financial action 

Moves from decision 
support toward 
autonomous financial 
agency 

Accountability, 
authorization, 
explainability, 
cybersecurity 

Quantum-
Enhanced 
Financial Risk 
Modelling 

Advanced 
optimization and risk 
computation 

Expands computational 
capacity for automated 
financial analysis 

Technological 
inequality, 
cybersecurity, 
concentration 

Ambient and 
Invisible 
Financial 
Interfaces 

Embedded 
Finance and 
BaaS 

Integration of finance 
into non-financial 
platforms 

Makes financial services 
embedded and context-
dependent 

Platform 
concentration, 
consumer protection, 
data governance 

Biometric and 
Voice-Activated 
Payments 

Frictionless 
authentication and 
payment 

Makes financial 
interaction increasingly 
invisible 

Privacy, biometric 
security, consent, 
discriminatory errors 

Source: Author’s synthesis based on the reviewed literature and the proposed conceptual framework. 

As Table 1 illustrates, the ten technologies represent distinct but complementary components of the 

emerging financial architecture. Their significance extends beyond their individual functions, as increasing 

interaction across the three dimensions creates the conditions for more integrated and automated financial 

processes. The following section develops this relationship through an integrative conceptual framework, 

examining how the convergence of programmable, intelligent, and ambient finance may contribute to the 

emergence of an autonomous financial ecosystem. 

5. Integrative Conceptual Framework: Toward an Autonomous Financial Ecosystem 

The analysis of the ten technologies suggests that the transformation of finance cannot be 

adequately understood by examining individual innovations in isolation. Their broader significance 

emerges from the interaction between three complementary dimensions: programmable financial 

infrastructure, intelligent and autonomous decision-making, and ambient financial interfaces. Together, 

these dimensions form the basis of an emerging autonomous financial ecosystem in which financial 

processes can increasingly be initiated, evaluated, executed, and experienced with reduced direct human 

intervention. 

Within this architecture, the three layers perform complementary functions. The programmable layer 

provides digitally executable financial infrastructures; the intelligent layer adds analytical, predictive, and 

increasingly autonomous decision-making capabilities; and the ambient layer connects these capabilities 

with users by embedding financial functions into digital platforms and everyday interactions. The 

conceptual significance of the framework therefore lies not in the independent development of these 

layers, but in their interaction and functional complementarity. 

For example, an intelligent financial agent may identify an investment or payment decision, access 

programmable financial infrastructure to execute it, and deliver the resulting service through an embedded 

or largely invisible interface. In such a configuration, analysis, decision-making, execution, and user 

interaction become components of an integrated technological process. 

This convergence can progressively reduce transactional friction and direct human intervention while 

changing the role of traditional financial intermediaries. However, autonomy should not be interpreted as 

the elimination of intermediation. Instead, intermediation may be redistributed across algorithms, digital 

platforms, smart contracts, infrastructure providers, data systems, and governance mechanisms. Similarly, 

risk is not necessarily removed through automation; it may be transferred from conventional organizational 

processes to technological and institutional infrastructures. 
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The framework therefore conceptualizes the transition toward autonomous finance as a socio-

technical transformation rather than a purely technological progression. Increasing programmability and 

intelligence can create efficiency, accessibility, and automation, but their effects depend on institutional 

arrangements, regulatory choices, technological access, and governance. Consequently, the same 

architecture that enables more seamless financial activity may also generate new societal, institutional, 

and systemic risks. 

Figure 1 integrates these relationships by illustrating how technological developments across the 

three layers contribute to increasing automation and changing patterns of financial intermediation, 

ultimately supporting the emergence of an autonomous financial ecosystem while simultaneously 

generating societal and governance implications. 

Figure 1. Integrative Framework of the Autonomous Financial Ecosystem 

 
Source: Author’s conceptual framework based on the reviewed literature. 

The framework should not be interpreted as a deterministic or strictly sequential model. The three 

layers develop at different rates and continuously interact. Feedback effects are also likely: advances in 

AI may stimulate demand for programmable infrastructures, while the expansion of embedded financial 

environments may encourage further automation of financial decision-making. Institutional and regulatory 

developments can either facilitate or constrain these interactions. 

Accordingly, the proposed framework shifts the unit of analysis from individual financial innovations 

to the broader architecture emerging from their convergence. This constitutes the central conceptual 

contribution of the study: autonomous finance is understood not as the result of any single technology, but 

as an emergent outcome of increasingly interconnected programmable, intelligent, and ambient financial 

capabilities. 
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6. Societal Implications, Risks and Governance Challenges 

The technologies examined in this study offer substantial opportunities for automation, efficiency, 

accessibility, and financial innovation. At the same time, their convergence raises societal, institutional, 

and regulatory concerns that extend beyond individual technologies and increasingly interact across the 

emerging financial architecture. 

Although emerging financial technologies are frequently associated with decentralization and 

reduced reliance on traditional intermediaries, they may also create new forms of concentration. AI 

infrastructure, embedded finance platforms, digital asset services, and advanced computational 

capabilities may increasingly favour large technology and financial firms. At the same time, growing 

interconnectedness among digital assets, DeFi, tokenized markets, and automated financial systems may 

create new channels through which disruptions can propagate across financial infrastructures. 

This creates an important tension: technologies designed to reduce traditional forms of 

intermediation and transactional friction may simultaneously generate new dependencies and sources of 

systemic risk. 

Increasingly automated financial decision-making raises concerns regarding algorithmic 

discrimination, transparency, and accountability, particularly where AI systems rely on historically biased 

or incomplete data (Fritz-Morgenthal et al., 2022). These concerns become more complex as AI develops 

from decision-support applications toward autonomous agents, making responsibility for financial 

decisions increasingly difficult to assign. 

Privacy represents a related challenge. CBDCs, biometric payments, and embedded financial 

services may increase the collection, integration, and visibility of sensitive financial and personal data. 

Greater convenience and automation must therefore be considered alongside data protection, 

surveillance, consent, user control, and the need for appropriate human oversight. 

Digital payments, embedded finance, CBDCs, and automated financial services may reduce 

transaction costs and extend access to users underserved by conventional financial institutions. However, 

these benefits are unlikely to be distributed uniformly. Access to advanced AI, computational infrastructure, 

digital connectivity, and emerging technologies remains uneven across firms, consumers, and countries. 

The transition toward autonomous finance may therefore simultaneously reduce traditional barriers 

to financial participation and create new forms of technological exclusion, making technological access 

and literacy increasingly important dimensions of financial inclusion. 

The convergence of programmable, intelligent, and ambient finance raises broader questions 

regarding whether existing regulatory approaches can adequately address systems in which financial 

decisions and transactions increasingly involve interactions among algorithms, digital infrastructures, 

platforms, and autonomous agents. Regulatory frameworks must balance innovation with financial 

stability, privacy, cybersecurity, consumer protection, accountability, and equitable access. 

The evolution toward autonomous finance should therefore not be interpreted as an exclusively 

technological transition. Its trajectory will also depend on institutional responses, regulatory choices, and 

societal acceptance. Several questions consequently remain open: How should responsibility be assigned 

when autonomous financial agents make consequential decisions? How can financial privacy be 

preserved in increasingly data-intensive systems? Will technological convergence reduce financial 

exclusion or create new forms of inequality? Can regulatory institutions respond effectively to financial 

architectures operating across traditional institutional and jurisdictional boundaries? 
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7. Discussion 

The analysis suggests that the significance of the ten emerging financial technologies lies not only 

in their individual capabilities but increasingly in their functional complementarity. Examined collectively, 

they reveal a broader transition in financial architecture in which programmable infrastructures, intelligent 

decision-making, and ambient interfaces increasingly interact. The principal finding of this integrative 

analysis is therefore that the relevant unit of analysis is the emerging financial architecture rather than the 

individual innovation. 

This perspective provides a different interpretation of financial disintermediation. The technologies 

examined do not necessarily imply the disappearance of intermediaries, but rather their reconfiguration. 

Functions traditionally performed by banks, investment professionals, and payment providers may 

increasingly be distributed across smart contracts, algorithms, digital platforms, infrastructure providers, 

and automated agents. Similarly, while automation and embedded financial services may reduce visible 

transactional friction, some complexity may be transferred to technological infrastructures, data systems, 

and governance arrangements. 

The collective analysis also indicates that risk becomes increasingly cross-layered. An AI-generated 

decision, for example, may be executed through programmable infrastructure and delivered through an 

embedded platform, linking algorithmic accountability with cybersecurity, data governance, market 

infrastructure, and consumer protection. Such interactions suggest that emerging financial risks cannot 

always be adequately assessed through technology-specific analysis alone. 

At the same time, the transition toward autonomous finance is unlikely to be uniform. The 

technologies considered differ substantially in maturity, adoption, regulatory treatment, and technological 

requirements. Cryptocurrency, AI applications, and embedded finance already operate in established 

markets, whereas agentic AI and quantum-enhanced financial applications remain more prospective. The 

proposed framework should therefore be interpreted as an emerging architecture rather than a prediction 

of a fully autonomous financial system. 

This distinction is particularly important to the futuristic framing of the study. The comparison with 

The Jetsons does not suggest that a frictionless and fully automated financial future has already arrived. 

Rather, it provides a conceptual lens through which technologies once considered speculative can be 

examined as increasingly plausible or partially operational. At the same time, technological feasibility does 

not resolve the institutional, societal, and governance challenges associated with their adoption. 

From this perspective, the study contributes to the literature on digital financial transformation by 

moving beyond technology-specific accounts toward an integrative interpretation of financial automation. 

Existing research has examined cryptocurrencies and digital assets (Corbet et al., 2019), fintech and 

changing financial intermediation (Gomber et al., 2017), AI applications in finance (Cao, 2022; Bahoo et 

al., 2024), and the interaction among fintech, cryptocurrencies, and CBDCs (Allen et al., 2022). The 

framework developed here connects these partly fragmented streams by conceptualizing increasing 

financial autonomy as an emergent outcome of technological interaction rather than the consequence of 

any single innovation. 

8. Conclusions 

This study examined ten emerging financial technologies through an integrative framework that shifts 

attention from individual innovations toward the financial architecture emerging from their convergence. 

By organizing these technologies across programmable, intelligent, and ambient dimensions, the study 

conceptualizes increasing financial autonomy as an emergent outcome of technological interaction rather 

than the result of any single innovation. 
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The proposed framework constitutes the study’s principal conceptual contribution. It suggests that 

autonomous finance involves not the disappearance of financial intermediation, but its reconfiguration 

within an increasingly integrated technological environment. While this transition may support greater 

automation, accessibility, and efficiency, its development will also depend on how emerging societal, 

institutional, and governance challenges are addressed. 

Several limitations should be acknowledged. The study adopts an integrative and conceptually 

oriented review rather than a systematic review, and the selected technologies differ considerably in 

maturity and level of adoption. Some, such as cryptocurrency, AI applications, and embedded finance, are 

already established in financial markets, whereas agentic AI and quantum-enhanced financial applications 

remain more prospective. Consequently, the proposed framework should be interpreted as an analytical 

representation of an emerging trajectory rather than as a prediction of a fully autonomous financial system. 

Future research could empirically examine the relationships proposed in the framework and assess 

how interactions among programmable, intelligent, and ambient financial technologies evolve across 

financial systems and regulatory environments. Particular attention should be given to the governance of 

cross-layer risks and to whether increasing financial autonomy expands financial inclusion or creates new 

forms of technological and institutional inequality. Ultimately, the central question is not simply whether 

finance can become more automated, but how an increasingly autonomous financial architecture can be 

designed and governed in ways that preserve innovation while maintaining accountability, stability, 

accessibility, and trust. 
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