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Abstract. The rapid pace of growth in modern startups requires highly
adaptive strategies that can handle constant change and increasing com-
plexity. This paper investigates how autonomous Al agents, powered by
advanced code generation capabilities, can revolutionize project man-
agement in fast-growing companies. By utilizing large language models
(LLMSs), these Al agents can autonomously generate and execute code to
seamlessly integrate with digital systems, enabling startups to automate
processes and scale operations more efficiently. This study explores the
potential of Al-driven automation to enhance agility, optimize workflows,
and facilitate decision-making in high-pressure environments. Through
a detailed analysis, we examine how this integration can support hy-
pergrowth startups by improving efficiency, reducing human error, and
fostering continuous innovation. The findings demonstrate how Al agents
can act as key enablers of adaptive project management, ultimately
transforming how startups manage projects and drive sustainable growth.
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1 Introduction

Artificial intelligence (AI) agents have evolved from early symbolic systems and
reactive models to reinforcement learning and, more recently, large language model
(LLM)-driven architectures [1, 2, 3]. Milestones such as AlphaGo Zero showcased
self-learning through deep reinforcement learning, but these systems often required
extensive retraining for new tasks and exhibited limited generalization [4, 5].

The emergence of LLMs has significantly broadened the capabilities of AI
agents. These models act as reasoning engines capable of general-purpose decision
making and adaptation across diverse tasks by leveraging extensive pretrained
knowledge [6, 7]. When integrated with modules for perception and action, LLM
based agents can interpret multimodal inputs and generate executable outputs,
enabling interaction with dynamic environments [8, 9, 10].
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Minecraft provides a complex, open-ended testbed where agents can au-
tonomously explore, plan, and build. Systems like Voyager [11, 12| demonstrate
curriculum-based learning and tool use to achieve long-term autonomy in such
environments. These agents typically follow a modular architecture comprising;: (i)
a central reasoning module (the “brain”), (ii) perception systems to process envi-
ronment inputs, and (iii) action modules that translate reasoning into executable
behaviors [13].

Beyond gaming environments, the capacity of agents to generate and execute
code positions them as potential participants in digital economies. They can
interact with APIs, automate workflows, and create new services, mirroring how
human developers engage with digital platforms. This shift enables agents not
only to solve tasks but to engage autonomously in economic activities.

However, current digital infrastructures are not designed for autonomous
agents. Systems assume human interaction patterns, including user-centric authen-
tication, manual workflows, and human-readable interfaces. These assumptions
create friction and limit agent autonomy in economic contexts.

The contribution of this paper is to examine the critical infrastructure compo-
nents needed to enable Al agents to operate as independent economic participants
in digital markets. The structure of the paper is as follows. Section 2 explores
how code generation enables agents to interact programmatically with digital
services—this capability transforms them from passive tools into potential eco-
nomic participants. Section 3 analyzes how markets would benefit from Al agents
as economic actors and presents a vision of digital economies where agents can
innovate, create value, and participate in complex market interactions. These
new market dynamics demand new infrastructure, which we examine in Section
4: authentication systems to establish agent identities, payment networks for
machine-speed transactions, service discovery mechanisms for agent-readable ca-
pabilities, and standardized interfaces for agent interactions. The implications of
this infrastructure extend beyond practical deployment, suggesting new paths to
artificial intelligence through emergent market behaviors rather than monolithic
systems, which we discuss in Section 5.

2 The Bridge to Action

Code generation, powered by large language models, has revolutionized software
development by enabling Al systems not only to assist humans but also to
autonomously write, execute, and adapt code to accomplish tasks [14, 15, 16, 17].
Unlike traditional software limited to predefined instructions, autonomous Al
agents can decompose high-level goals, integrate new services, and iteratively
improve their code based on execution feedback [12, 18]. This shift transforms
Al from passive tools into active digital operators capable of independently
navigating complex digital environments.

Adoption of code generation tools is widespread among developers, who benefit
from AI’s ability to understand and modify existing codebases. Early autonomous
behaviors, such as executing code and refining solutions via feedback loops,
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are emerging but remain task-specific and guided by human-defined objectives
[19, 15, 17]|. Fully autonomous code agents extend this by discovering APIs,
handling errors, and adapting without human intervention, thus dynamically
expanding their capabilities and bridging the gap between intent and execution.

This evolution marks a fundamental transformation: software systems become
self-extending, capable of creating novel service combinations and operating in-
dependently in digital ecosystems, ultimately becoming autonomous participants
rather than mere human assistants.

3 Markets as Coordination Systems

Markets coordinate decentralized actors who make local decisions responding to
supply-demand price signals, enabling efficient resource allocation and innovation
without central control [20, 21|. Human participants leverage knowledge and
competition-cooperation dynamics to identify opportunities, with market feedback
guiding resource flows [22].

The emergent intelligence of markets arises from countless independent actions
aggregating into complex, adaptive systems, as seen in examples like space
exploration and urban development, which occur without central planning but
through decentralized coordination [23, 24].

AT agents are poised to join markets as novel participants, distinguished by
enhanced speed, vast data processing, continuous operation, and multitasking
[25, 26, 27]. Beyond quantitative improvements, they offer unique traits such as
perfect replication, instant instantiation, collective learning, consistent perfor-
mance, and dynamic resource allocation [28, 29, 30]. These capabilities introduce
unprecedented market dynamics requiring new economic models alongside tradi-
tional frameworks.

Even without physical embodiment, Al agents can drive value via automated
trading, service optimization, and complex coordination [25]. Yet current infras-
tructures, designed around human interactions and limitations, constrain their
full potential [31, 32].

4 Infrastructure Challenges

Consider an entrepreneur, Sam, who develops a SaaS dashboard to track pro-
motional campaign impact. To launch his product, he must navigate domain
registration, cloud setup, authentication, analytics, and payment processing—all
through interfaces designed for human users [30, 33]. Each step requires manual
account creation, identity verification, and human-readable documentation.

This human-centric infrastructure—ranging from service discovery via confer-
ences and websites to payment flows dependent on credit card verification—hinders
automated Al participation [34]. Anti-automation defenses like CAPTCHASs and
identity checks, while protecting against abuse, now block legitimate Al agents
[35, 36].
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To integrate Al agents as economic actors, these systemic barriers must be
addressed. The next sections analyze these challenges and explore solutions
to enable Al agents to discover, access, and transact within digital markets
autonomously.

5 Service Discovery

Effective market participation hinges on timely access to information about
existing solutions. Across industries, businesses increasingly rely on specialized
components and services rather than building everything internally, fostering
innovation and efficiency. For example, software companies integrate payment
processing, authentication, and cloud services from third parties, enabling focus
on core innovations. This widespread reuse raises a fundamental question: how
do participants discover available solutions?

5.1 Current Infrastructure

Market participants acquire knowledge through multiple channels. Experiential
discovery occurs via daily work and observation, forming a tacit understand-
ing of solutions. Social discovery leverages professional networks for trusted
recommendations. Traditional marketing—trade shows, publications, and adver-
tising—actively informs participants about offerings. The digital era introduced
scalable mechanisms like search engines, directories, and review platforms, which
provide continuous, programmatic access to information primarily designed for
human users.

5.2 Future Design Considerations

To enable efficient Al-driven discovery, new infrastructures should offer standard-
ized, machine-readable service descriptions consolidating capabilities, pricing, and
integration details. Search engines and directories could evolve toward semantic,
capability-based indexing and querying, optimizing for agent decision-making
rather than human browsing. Distributed protocols like gossip mechanisms may
facilitate real-time propagation of service updates.

Al-specific discovery systems might provide comprehensive technical data
upfront, support dynamic capability negotiation, and accommodate rapidly
evolving services that adapt or emerge at machine speeds. Aligning discovery
processes with agent information processing will be essential to unlock the full
potential of AI market participants while ensuring interoperability with existing
human-oriented frameworks.

6 Identity and Authorization

Digital services depend on verifying who is making requests (authentication)
and what actions they can perform (authorization). These processes under-
pin secure, stateful interactions by establishing identity and controlling access.
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Modern systems extend beyond human users to complex software interactions,
requiring delegation, auditability, and trust chains for compliance and resource
management.

6.1 Current Infrastructure: Identity

Basic Au-
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Fig. 1. Identity infrastructure components and challenges.

Digital identity systems originated for human users, evolving from simple
username-password models to sophisticated federated systems. Federation proto-
cols like SAML enable identity sharing across organizations, while Public Key
Infrastructure (PKI) with certificate authorities provides cryptographic identity
proof for parties without prior relationships. The ACME protocol streamlines
certificate management at scale.

For internal service communication, API keys offer scoped, auditable authen-
tication suitable for automation. Multi-factor authentication integrates physical
devices to strengthen security. Session tokens (e.g., JWTs) optimize repeated
verification by enabling efficient authentication state management.

These systems assume relatively stable identities verified infrequently, with
audit trails focused on discrete, human-scale events. Identity lifecycle events
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such as creation, verification, and revocation occur on timescales from hours to
months, reflecting physical-world constraints and manual processes.

6.2 Limitations for AI Agents: Identity

Al agents challenge existing identity models due to their scale, speed, and
digital-only nature. Unlike stable human identities, agents may be created and
terminated thousands of times per second, overwhelming certificate authorities
and identity providers designed for slower, manual processes. Physical factors like
two-factor authentication or biometric verification do not apply, complicating
trust establishment.

Dynamic, hierarchical agent spawning demands identity delegation and cryp-
tographic linkage at machine speed, exceeding the scope of traditional federation.
Trust models based on reputation or history struggle to apply when identities
are ephemeral and transient.

Furthermore, audit systems designed for human-scale logs cannot efficiently
track massive volumes of agent actions without new methods for scalable account-
ability. Overall, current identity infrastructure, built around human timescales
and physical-world ties, is ill-suited to support autonomous Al agents operating
at machine scale and velocity.

6.3 Future Design Considerations: Identity

Current identity systems fall short for Al agents due to speed, scale, and lack
of physical anchors. Future solutions must support autonomous, rapid identity
creation while ensuring security and accountability. Public key cryptography
enables agents to self-generate key pairs, eliminating central bottlenecks and
allowing instant cryptographic identity proof.

Machine-to-machine onboarding can replace traditional registration with pro-
tocols based on cryptographic attestation, allowing agents to establish trust and
permissions programmatically. Zero-knowledge proofs offer privacy-preserving ver-
ification of agent attributes, operational history, or delegation chains, supporting
reputation for ephemeral identities.

Capability-based models can manage dynamic, hierarchical delegations with
cryptographic proof of authority transfer. New trust frameworks may rely on
behavioral and computational proofs rather than physical verification, employing
decentralized reputation and proof-of-work systems.

A hybrid, layered approach combining these methods will likely be necessary to
handle both short-lived and persistent identities securely and efficiently, enabling
AT agents’ full participation in digital ecosystems.

6.4 Current Infrastructure: Authorization

Authorization determines what authenticated entities can do, traditionally man-
aged by Role-Based Access Control (RBAC), which assigns permissions through
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Fig. 2. Authorization infrastructure components and challenges.

roles reflecting organizational functions. Relationship-Based Access Control (Re-
BAC) extends this by considering dynamic relationships, such as departmental
hierarchies or reporting lines.

Authorization enforcement uses stateful session tokens stored server-side or
stateless tokens like JW'Ts, which embed permissions but complicate revocation.
OAuth standardizes delegated access across services without sharing credentials,
supporting various flows tailored for web or service-to-service interactions.

Most systems operate with coarse-grained permissions updated infrequently,
facilitating manual reviews and audits aligned with human operational tempos.

7 Software Interfaces

Software interfaces have evolved from text-based commands to rich, multi-modal
experiences shaped by advances in technology and human-computer interaction.
Graphical user interfaces introduced intuitive visual metaphors, while the web
browser transformed into a dominant, standardized application platform enabling
instant, secure access without installation.

Despite the browser’s prevalence, desktop and mobile apps remain essential for
compute-intensive tasks and optimized user experiences. Many services support
multiple interfaces—web Uls for humans, native apps for mobility, and APIs for
automation—reflecting diverse usage patterns.

Interfaces define interaction patterns, response expectations, and data pre-
sentation, shaping the value derived from software. As Al agents increasingly
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Fig. 3. Software interface components and challenges.

consume software services, these interface paradigms must adapt to new interac-
tion modes.

User Interface (UI) User interfaces present information visually, structured to
match human cognitive limits through progressive disclosure and manageable
data segmentation. Web browsers dominate Ul delivery, leveraging HTML, CSS,
and JavaScript for cross-device interactivity and immediate updates. Ul design
carefully balances navigation, layout, and visualization to optimize user attention
and comprehension.

Application Programming Interface (API) APIs expose service functional-
ity for automated consumption, commonly via REST or GraphQL using JSON
or XML. They include authentication, rate limiting, and quotas to manage usage.
SDKs facilitate integration by abstracting API details into language-specific
libraries. Despite automation, APIs remain designed for human developers, pri-
oritizing clarity and documentation for human understanding rather than pure
machine efficiency.

This dual model—visual Uls for humans and programmatic APIs for ma-
chines—has sufficed historically but faces new challenges as Al agents become
active software consumers, necessitating adaptation of interface design and usage
assumptions.
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8 Future Work

Enabling AT agents to participate fully in digital markets represents a transfor-
mation too vast for any single organization to accomplish. The infrastructure
challenges outlined in this paper - from authentication to payments - are deeply
interconnected and require coordinated evolution across multiple domains.

Rather than seeking perfect solutions immediately, the community should
focus first on creating an end-to-end protocol stack that enables basic machine-
to-machine service discovery, integration, and consumption. This initial version
might rely on imperfect workarounds and existing infrastructure, but it would
provide a crucial foundation for experimentation and learning. For instance, early
implementations might leverage existing API gateways and payment proces-
sors while adding machine-readable service descriptions and basic automated
authentication.

The long-term value will come from infrastructure specifically optimized for
machine consumption. Each component of the stack presents unique challenges
that merit deeper investigation:

Service discovery requires protocols capable of expressing service capabilities,
requirements, and integration patterns to machines. This extends beyond current
API documentation to include semantic descriptions of functionality, performance
characteristics, and operational constraints. Initiatives like the llms.txt proposal
demonstrate early steps in this direction, creating parallel machine-friendly
layers alongside traditional human-centric websites. Both effective representation
formats and discovery mechanisms that operate at a machine scale are essential
components of this evolution.

Authentication and authorization systems designed for ephemeral agents
operating at machine speed are fundamental building blocks. This includes
scalable identity verification without human intervention, reputation systems for
short-lived entities, and delegation mechanisms that maintain security across
complex agent hierarchies.

Interface protocols supporting dynamic capability negotiation and efficient
machine-to-machine communication represent another critical area. While recent
developments like Anthropic’s computer use capability demonstrate the potential
for agents to interact with existing human interfaces, purpose-built machine
interfaces will probably prove more efficient and reliable. Standards for describing
service capabilities, negotiating terms of service, and establishing trust between
previously unknown parties are essential.

Payment infrastructure presents perhaps the most formidable barrier, as
current systems are actively hostile to automated transactions. However, ma-
jor players are beginning to address this challenge—both Coinbase and Stripe
have developed agent toolkits that enable Al systems to transact on their net-
works. Future infrastructure must support diverse transaction patterns between
autonomous agents, including high-frequency micropayments and complex multi-
party settlements while maintaining security without human intervention.

Understanding how these machine-speed markets will behave presents chal-
lenges beyond individual components. New economic models for agent interactions,
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monitoring systems capable of detecting anomalies at machine speed, and cir-
cuit breakers that maintain stability without unnecessarily constraining market
operation are all critical elements.

Each of these areas represents a significant research and development challenge.
Progress will require collaboration between academia, industry, and standards
bodies to create technically sophisticated and practically deployable infrastructure.
While the path forward may be incremental, the potential value of enabling
autonomous agent participation in digital markets makes this effort worthwhile.

9 Conclusion

The convergence of artificial intelligence and market economics represents a
profound opportunity for advancing both fields.

The emergence of Al systems capable of perception, reasoning, and action -
currently enabled by large language models but potentially by other architectures
in the future - has created the foundation for artificial agents that can operate
as autonomous participants in digital markets. These systems can perceive their
environment, reason about opportunities, and take concrete actions through
code generation and execution, mirroring how humans participate in economic
systems.

While much attention focuses on developing increasingly sophisticated individ-
ual AT systems, enabling these agents to participate in markets could unlock even
greater potential. Just as markets enable human intelligence to coordinate com-
plex activities beyond any individual’s capability, markets incorporating Al agents
could dramatically enhance economic efficiency through continuous operation,
perfect information sharing, and rapid adaptation to changing conditions.

Consider how current markets coordinate the construction of modern aircraft.
Thousands of companies across the globe, each specializing in particular compo-
nents, collaborate through market mechanisms to create machines of staggering
complexity. No central authority dictates every detail, yet markets enable this
massive coordination task. Now imagine this same dynamic operating at machine
speed, with Al agents discovering and exploiting opportunities for value creation
far faster than humans ever could.

While research teams have made significant progress simulating multi-agent
systems in controlled environments, these remain theoretical exercises—Ilike flight
simulators instead of actual aviation. The difference between agents playing
economic games and agents participating in real markets is the difference between
understanding principles and transforming society. The infrastructure components
examined in this paper—authentication systems, payment networks, service
discovery mechanisms, and standardized interfaces—represent the crucial bridges
between simulation and reality.

This vision of AT development through market participation offers a multiplier
effect to the pursuit of artificial superintelligence through purely algorithmic
means. We might enable new forms of intelligence to emerge from the interactions
of millions of specialized agents, just as markets already demonstrate intelligence
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beyond their individual participants. However, this transformation must proceed
thoughtfully, with deep consideration of human interests and societal impact.
The goal is not to replace human economic activity but to create new forms of
partnership that benefit society while carefully managing potential risks.

The path forward requires carefully developing appropriate infrastructure
while maintaining security and stability. Yet the potential benefits—more efficient
resource allocation, faster innovation, and new forms of value creation—make this
effort worthwhile. We have the core Al capabilities needed for market participation
in systems that can perceive, reason, and act. Building the infrastructure to
enable their participation represents our next great challenge in advancing both
artificial intelligence and economic systems.
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