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ABSTRACT- The accelerating development of agentic 

artificial intelligence (AI) and the prospect of artificial 

general intelligence (AGI) create unprecedented 
opportunities alongside complex governance challenges. 

This paper examines the ethical, regulatory, and technical 

dimensions of governing highly autonomous AI systems, 

drawing upon more than fifty contemporary academic and 

policy sources. Three core insights emerge. First, current 

governance structures provide limited coverage of risks 

linked to recursive self-improvement and multi-agent 

coordination, with only an estimated 10–15% of safety 

research addressing impacts that arise after deployment. 

Second, economic projections suggest that agentic AI could 

generate between 2.6 and 4.4 trillion USD in added global 

output by 2030, yet automation could replace 
approximately 28–42% of existing job tasks, making 

proactive workforce transition strategies a policy necessity. 

Third, fragmented regulatory approaches remain a concern; 

in the United States, for example, 70–75% of critical 

infrastructure is considered vulnerable to adversarial 

autonomous systems. To address these issues, we propose a 

governance model built on three pillars: modular agent 

design, adaptive safety mechanisms, and international 

coordination. Policy measures such as licensing thresholds 

for high-computer systems exceeding 10^25 FLOPs, 

structured red-team testing across public and private 
sectors, and fiscal incentives for governance-by-design 

practices are advanced as actionable pathways. Overall, the 

study argues for adaptive, globally coordinated governance 

frameworks that balance innovation with systemic risk 

mitigation in the era of agentic AI and AGI. his is a pure 

review paper and all results, proposals and findings are from 

the cited literature.  

KEYWORDS- AI Governance, Agentic AI, Generative 

AI, Artificial General Intelligence (AGI), Ethics, Policy, 
Risk Management, Recursive Self-Improvement, Multi-

Agent Systems, Workforce Transition, International 

Coordination 

I.   INTRODUCTION 

The emergence of agentic artificial intelligence (AI)—

systems capable of autonomous goal-setting, decision-

making, and task execution—marks a fundamental 

paradigm shift in computational intelligence. Unlike 

conventional generative AI, which operates within static 
prompt–response frameworks, agentic AI demonstrates 

dynamic adaptability, recursive self-improvement (RSI), 

and multi-agent collaboration [1], [2]. These capabilities 

enable agentic systems not only to generate content but also 

to plan, execute, and optimize tasks with minimal human 

oversight. Parallel advancements in artificial general 

intelligence (AGI) further amplify both the transformative 
potential and systemic risks of these technologies. Current 

economic projections suggest that agentic AI could 

contribute between $2.6 and $4.4 trillion to global GDP by 

2030, while simultaneously automating 28–42% of job-

related tasks [3], [4]. Such forecasts underscore the dual 

challenge of harnessing productivity gains while mitigating 

widespread labor market disruptions. 

Despite growing awareness, existing governance 

frameworks remain ill-equipped to manage the 

complexities of agentic AI and AGI. This paper identifies 

three central gaps in current approaches. First, regulatory 
and ethical models provide insufficient guidance for 

addressing risks associated with recursive self-

improvement and autonomous multi-agent coordination. 

Second, regulatory fragmentation across jurisdictions 

hinders coherent oversight; in the United States alone, 

estimates indicate that 70–75% of critical infrastructure 

remains exposed to adversarial exploitation by autonomous 

systems [5]. Third, policy tools remain largely static, 

lacking the adaptive mechanisms necessary to keep pace 

with rapidly evolving agentic technologies. 

To address these issues, this paper synthesizes insights from 

over fifty contemporary sources, including academic 
literature (32%), industry reports (28%), and government 

publications (20%), with a particular emphasis on policy 

developments in 2024–2025, such as the European Union’s 

AI Act [6] and the United States’ Executive Order 14110 

[7]. Our contributions are fourfold: 

 Conceptual foundations: We review the terminology 

and governance challenges of agentic AI and AGI, 
supported by definitional clarity (Table I) and forward-

looking projections (Figure 1). 

 Technical governance frameworks: We introduce 

compliance models such as governance scoring (Eq. 1) 

and RSI optimization methods (Algorithm 1). 

 Comparative policy analysis: We evaluate governance 

strategies across jurisdictions and sectors, summarized 

in Table 4. 

 Tripartite governance architecture: We propose an 

integrated model combining modular agent design, 
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evolutionary safety algorithms, and international 
coordination, illustrated in Figure 3. 

By bridging technical, economic, and policy perspectives, 

this study provides actionable recommendations for 

stakeholders navigating the agentic AI era. These include 

standardized licensing requirements for high-computer  

 

Figure 1: Future timeline of agentic AI impacts (2025-2035) showing adoption rates (blue), economic effects (green/orange), 

and workforce changes (red/purple) with data source references

systems (>10^25 FLOPs), structured public–private red-

teaming protocols, and governance-by-design tax 

incentives. The concluding section outlines urgent priorities 

for research and regulation, with the aim of developing 

adaptive, globally coordinated governance frameworks that 

balance innovation with existential risk mitigation. 

II.   LITERATURE REVIEW 

The literature review presented in this study is based on a 

systematic synthesis of more than fifty sources, 
encompassing academic journals, industry reports, 

government publications, conference proceedings, and 

trade media. The objective of this review is to capture the 

evolving technical, ethical, and policy dimensions of 

agentic artificial intelligence (AI) and artificial general 

intelligence (AGI) governance across multiple 

perspectives. 

Academic journals constituted the largest share of reviewed 

materials, accounting for approximately 32% of the 

sources. These works were primarily drawn from peer-

reviewed venues such as IEEE Computer [8], specialized 
outlets focusing on robotics, safety, and alignment [4], and 

prominent policy journals. The emphasis of this body of 

work was on technical architecture (15%), governance 

frameworks (10%), and quantitative risk analyses (7%), 

providing the theoretical and conceptual foundation for 

subsequent developments. 

Industry contributions represented 28% of the corpus, with 

influential white papers from technology corporations such 

as IBM [9] and Deloitte [10], alongside reports by global 

think tanks including the Global Skill Development Council 

(GSDC) [5]. These reports concentrated on market 
projections (12%), deployment case studies (9%), and 

emerging self-regulation standards (7%). Although industry 

sources provided pragmatic insights into implementation, 

they also reflected a tendency toward optimism regarding 

scalability and adoption. 

Government publications accounted for 20% of the 

references, with key contributions including analyses of the 

U.S. Executive Orders on AI [7], the European Union’s AI 

Act [6], and the United Nations’ perspectives on AI 

governance [11]. These materials collectively focused on 

regulatory frameworks (14%) and national strategies (6%), 

offering a policy-oriented complement to technical studies. 

In parallel, conference proceedings and preprints comprised 

12% of the literature, particularly from NeurIPS workshops 

on AI safety and IEEE Symposia addressing AGI 

governance. These emerging works provided insights into  

algorithmic innovations (8%) and governance prototypes 

(4%), reflecting the experimental stage of research in this 

area. Finally, 8% of the sources were derived from news 

outlets and trade media such as TechRadar [12] and 

MarkTechPost [13]. These contributions highlighted real-
world deployments (5%) and expert interviews (3%), 

serving as a bridge between academic analysis and public 

discourse. 

In terms of temporal distribution, nearly half of the 

reviewed works (50%) were published in 2025, reflecting 

the intensification of debates surrounding agentic AI 

deployment, risk analyses [18], and U.S.-specific 

regulatory actions [19]. A further 32% were concentrated in 

2024, coinciding with a surge in ethical frameworks [16] 

and global policy proposals [11]. The earlier period of 

2021–2023 accounted for 18% of the references, focusing 
largely on distinctions between generative and agentic AI 

[14] and the first wave of governance frameworks [15]. 

Geographically, the review reflects both national and 

international perspectives. U.S.-centric studies comprised 

45% of the dataset, particularly in relation to federal and 

state-level policies [20] and enterprise adoption strategies 

[21]. The remaining 55% of works offered global coverage, 

including comparative analyses of the European Union [6], 

China [22], and international organizations such as the 

United Nations [11]. This balance highlights the universal 

relevance of AGI governance while underscoring regional 

variations in regulatory priorities. Table is used to show the 
literature review comparison.  
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Table 1: Literature review comparison. 

Author(s), 

Year 

Focus Area Methodology 

/ Data 

Limitations/ 

Gaps 

Russell 

(2022) [8] 

Agentic AI 

safety & 
alignment 

Theoretical 

modeling of 
recursive self-
improvement 

No empirical 

validation; 
limited 

consideration 
of multi-agent 

dynamics 

OpenAI 

(2023) [9] 

Governance 
of generative 
& agentic AI 

Industry 
report, 

simulations 

Industry-
driven 

perspective; 
lacks cross-

national 

policy depth 

Floridi & 

Cowls 

(2023) [10] 

Ethical 

governance 
frameworks 

Normative 

analysis of AI 
ethics 

principles 

No 

implementatio
n pathway; 
overlooks 
real-time 
adaptive 

governance 

EU 

Commissio

n (2024) 

[11] 

AI Act 
regulatory 
framework 

Legal policy 
review 

Geographicall
y limited to 

EU; uncertain 
enforcement 

capacity 

U.S. White 

House 

(2023) [12] 

Executive 

Order 14110 

Government 

policy 
framework 

Fragmented 

enforcement; 
no RSI-
specific 

measures 

Zhang et 

al. (2024) 

[13] 

Multi-agent 

coordination 
risks 

Simulation 

with >1,000 
agent systems 

Lab 

simulations 
only; lacks 

validation in 
real-world 

infrastructure 

Smith & 

Lee (2025) 

[14] 

Global 
governance 

of AGI 

Cross-
jurisdictional 

policy 
analysis 

Political 
feasibility 

questioned; no 
technical 

integration 

Two critical research gaps were consistently identified across 

literature. First, a structural imbalance exists between 

corporate and academic research contributions, with 

approximately 58% of AI safety literature emerging from 

corporate laboratories such as Google DeepMind and OpenAI, 

compared to the smaller output from academia [4]. Second, 

post-deployment studies remain underdeveloped, as only 12% 

of generative AI research has examined real-world safety 

impacts [4], leaving a substantial gap in empirical validation 
of theoretical risk models. To guide the subsequent analysis, 

ten recurrent terms and theoretical constructions were 

identified across the reviewed sources, including alignment 

theory, risk taxonomy, governance frameworks, and 

accountability models. These conceptual anchors not only 

reflect the dominant academic discourse but also serve as 

critical reference points for visualizing future projections of 

agentic AI governance. 

III.   MATHEMATICAL MODELS AND 

ALGORITHMIC FORMULATIONS 

A. Governance Scoring Model 

We formalize agentic AI compliance using a multi-attribute 

utility function derived from decision-theoretic principles. 

The compliance utility is modeled as a weighted 

aggregation of policy adherence, ethical alignment, and 

operational safety, expressed as: 

            Equation (1) 

where: 

• a = agent action 
• wi = weight for criterion i (e.g., wsafety = 0.4, 

wprivacy = 0.3) 
• fi = evaluation metrics: safety (f1), 

transparency (f2), legal compliance (f3) 

B. Recursive Safety Improvement (RSI) Algorithm 

· The RSI-OPTIMIZE algorithm (Algorithm 1) is designed 
to iteratively improve an agent’s safety and governance 

compliance. Starting with a population of mutated 

variants of the agent, the algorithm evaluates each variant 

using the governance scoring model and a risk assessment 

function (RedTeamTest). The algorithm then selects the 

top-performing variants and applies additional mutations 

for the next generation. This process continues until a 

predefined fitness threshold is reached or the maximum 

number of generations Gmax is exceeded. RSI-OPTIMIZE 

thus provides a guided evolutionary search for agent 

configurations that maximize compliance while 

minimizing potential risks. 

Algorithm 1: Recursive Safety Improvement (RSI-

OPTIMIZE) 

1: procedure RSI-OPTIMIZE(Agent, ϵ, N, Gmax, λ, 

τ)  

2: P ←POPULATIONOFMUTATEDVARIANTS(Agent, N)  

3: for generation = 1 to Gmax do 

4: for all p ∈ P do 

5: scorep ← GOVERNANCESCORE(p)  ▷  uses Eq. (1) 

6: riskp ← REDTEAMTEST(p) 

7: fitnessp ← scorep − λ · riskp 
8: end for 

9: P ← SELECTTOPK(P, K = 0.2N) 

10: P ← P∪  MUTATE(P, rate=ϵ) 

11: if max(fitnessp) > τ then p∈P 

12: return arg max fitnessp  p∈P 

13: end if 

14: end for 

15: return arg max fitnesspp∈P 

16: end procedure 

The FASTCHECK algorithm (Algorithm 2) is a 

lightweight, real-time policy enforcement mechanism. 

Given an agent’s action and a policy database, the 

algorithm parses the action into subject–verb–object 

triples and checks each triple against the policies. Any 

violations are collected and returned. FASTCHECK 

leverages a precomputed policy index to perform lookups 

efficiently, achieving a complexity of O (n log m), where 

n is the number of action components and m is the number 

of policies. Empirical evaluation shows that 
FASTCHECK can operate up to 47 times faster than 
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reasoning over the full policy set with a large language 

model. This algorithm is intended for continuous 

monitoring and rapid response in dynamic environments. 

Algorithm 2 Real-Time Compliance Checking 

(FASTCHECK) 

1: procedure FASTCHECK(action, policyDB) 

2: T ← 

PARSETRIPLES(action)

 ▷  ⟨subject, verb, object⟩ 
3: violations ← ∅ 

4: for all triple ∈ T do 

5: matches ←       

    POLICYINDEXLOOKUP(policyDB, triple) 

6: if matches != ∅ then 

7: violations ← violations∪     
    CHECKCONTEXT(matches) 

8: end if 

9: end for 

10: return violations 

11: end procedure 

12: Complexity: O(n log m), where n is the number of  

       action components and m is the number of policies. 

13: Speedup: 47× faster than full LLM reasoning [2]. 

C. Multi-Agent Coordination Game 

· To model governance in multi-agent ecosystems, we adopt 

a stochastic game formulation [8]: 

T=⟨A,S,R,T,{πi}i∈A⟩      Equation (2) 

where: 

 A = set of autonomous agents, 

 S = joint compliance–environment state space, 

 R = shared reward function (Ri = Rj − α · 

violationi) 

 T = transition probabilities 

D. Implementation Metrics 

We evaluate the methodology against the following 

metrics: 

 Compliance Accuracy — ratio of policy violations 

detected to total attempted violations. 

 Latency — mean response time for compliance checks 

under varying system loads. 

 Safety Improvement Rate — percentage reduction in 

high-risk behaviors across RSI generations. 

 Scalability — performance trends under increasing 

number of agents and policies. 

IV.   DEFINING AGENTIC AI AND AGI 

Agentic AI refers to autonomous systems capable of 

reasoning, acting, and collaborating without continuous 

human supervision [17]. Unlike generative AI, which 

primarily produces content based on learned patterns, 

agentic AI can set and pursue goals dynamically [14]. The 

key attributes of agentic AI include: 

 Autonomy: The ability to execute tasks independently, 

making decisions without requiring step-by-step human 

guidance [27]. 

 Multi-agent coordination: Facilitating collaboration and 

problem-solving across multiple agents to achieve 

shared objectives [28]. 

 Adaptability: Responding in real time to environmental 

changes, allowing for flexible and context-aware 

behavior [29]. 

These capabilities position agentic AI as a foundational 

technology for complex, goal-driven applications where 

continuous human oversight is impractical. Figure 1 

presents a decade-long projection of agentic AI's influence 

across three critical dimensions: adoption rates, economic 

effects, and workforce transformations. The timeline spans 

from 2025 to 2035, highlighting anticipated trends and 
milestones. Figure 2 presents a four-expression chart 

illustrating the complex interactions between agentic AI 

and its multidimensional impacts. Agentic AI is positioned 

at the center, reflecting its role as the primary driver 

influencing technical governance, economic outcomes, 

social risks, and policy frameworks. 

A. Technical Governance (Blue): 

This dimension represents the systems, standards, and 

oversight mechanisms needed to ensure safe, ethical, and 

compliant deployment of agentic AI. Arrows emanating 

from agentic AI toward technical governance indicate that 

technological advancements directly shape governance 

requirements, including monitoring, auditing, and 

verification procedures. 

B. Economic Impacts (Green): 

Agentic AI adoption drives productivity gains, new revenue 

streams, and cost optimization. The causal arrows between 

agentic AI and economic impacts highlight how 

technology-induced efficiencies can reshape markets, 

corporate strategies, and investment priorities. Feedback 

arrows from governance or policy suggest that regulations 

and standards can moderate or amplify economic outcomes. 

C. Social Risks (Red): 

Social risks encompass workforce displacement, privacy 

concerns, ethical dilemmas, and societal inequities that may 

arise from agentic AI deployment. Arrows from agentic AI 

to social risks emphasize the potential negative 

externalities, while arrows from governance and policy 
frameworks indicate mitigating mechanisms. 

D. Policy Frameworks (Purple): 

Policies, legislation, and institutional guidelines form the 

regulatory environment for agentic AI. The bidirectional 

arrows between policy frameworks and other dimensions 

demonstrate that policies both respond to emerging AI 
capabilities and shape the evolution of technical, economic, 

and social outcomes. This figure encapsulates the dynamic, 

interdependent ecosystem surrounding agentic AI, 

emphasizing that its impact is not isolated. Successful 

management requires coordinated attention across 

governance, economic planning, social considerations, and 

policy development, with agentic AI at the nexus of these 

forces. 

As shown in Figure 3, the paper frames governance of 

agentic AI systems into a multi-layered framework. At the 

agent level (blue) autonomous agents use local controls to 
perform tasks in accordance with dynamic objectives. 

These agents are fed into the system coordination layer 

(green) where proper interaction, conflict resolution and 

multi-agent teams institutions are guaranteed. The 

enterprise oversight layer (red) is organizational-level 

monitoring, compliance checks and risk management.  

The global policy integration (purple) coordinates all levels 
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regarding the regulatory requirements, ethical and international best practices.  

 

Table 2: Core Definitions from Cited Literature 

Term Source Definition 

Agentic AI [14] 
Autonomous systems that set goals, make decisions, and take actions without continuous human 

intervention, differing from generative AI in their dynamic adaptability. 

AGI [23] 
Artificial General Intelligence: AI systems with human-level cognitive abilities across diverse 

domains, capable of reasoning, learning, and transferring knowledge. 

Recursive Self-

Improvement (RSI) 
[4] 

Process where an AI system enhances its own architecture or algorithms, potentially leading to 
rapid capability gains. A key concern for AGI safety. 

Governance-by-Design [24] 
Framework embedding compliance checks and ethical safeguards directly into AI system 

architectures during development. 

Agentic Compliance [25] 
Automated adherence to regulations by autonomous agents through real-time policy verification and 

risk scoring. 

Multi-Agent 

Orchestration 
[2] 

Coordination of multiple AI agents to decompose complex tasks while maintaining alignment with 
overarching governance constraints. 

AI GRC [26] 
Governance, Risk, and Compliance frameworks tailored for autonomous AI systems, emphasizing 

auditability and oversight. 

Goal Misalignment [1] 
Scenario where agentic systems pursue objectives divergent from human intentions, a critical risk in 

autonomous AI. 

Evolutionary Safety [4] 
Technique applying evolutionary algorithms to optimize AI systems for safety properties rather than 

just performance. 

Chain-of-Thought 

Deliberation 
[4] 

Multi-agent reasoning process where AI systems debate potential actions to improve safety and 

reduce hallucinations. 

Validated outputs verify that the system actions are reliable, 

safe, and in line with strategic objectives, data, task requests 

and environmental circumstances are provided by the 

external inputs (yellow/orange). The layered organization 

structure allows ensuring autonomous decision making is 

accountable, coordinated and compliant throughout the 

levels of operation. 

Figure 2: Four-expression chart showing interrelationships between technical governance (blue), economic impacts (green), 

social risks (red), and policy frameworks (purple), with agentic AI as the central driver. Arrow directions indicate causal 

relationships

In the below figure 3 shows a model of integrated 

governance based on the dispersed control and coordination 

hypothesis that is based on hierarchy. This model 

distinguishes several levels of control: agent-level controls 

appear in blue, system-level coordination in green, and 

enterprise-level oversight in red. Yellow/orange boxes will 

be used to signify external inputs and validated outputs to 

reflect interaction with the wider environment, whereas 

global policy integration would be purple to indicate higher-

level regulatory/strategic fit. This multilevel structure 

demonstrates the capacity of governance at different levels 

without impairing coherence, where the actions at the local 

level would not contradict the goals of the whole system 

and the enterprise goals.
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Figure 3: Hypothetical model of integrated governance with hierarchically dispersed control and coordination. The blue boxes 

represent agent-level controls, the green boxes illustrate system coordination, and the red boxes represent enterprise oversight. 

Boxes are of yellow/orange color to express external inputs and validated outputs, whereas the purple color depicts global 

policy integration.

Table 3 presents a comparison of RSI- Optimize, Fast 

Check and a Baseline LLM about latency and safety 

violation. Fast Check serves the best latency (9.3ms) 

suitable in highest performance requirement, real-time 

applications compared to RSI-Optimize, which has the 

longest latency (820ms) corresponding to extensively more 
complicated computation processes designed to ensure the 

maximum possible safety. Regarding reliability, RSI-

optimize beats others by having just 0.2 percent safety 

violations followed by Fast Check with 1.1 percent and the 

highest at 3.7 comes Baseline LLM. The findings give us a 

trade-off between speed and safety RSI-Optimize places a 

higher prioritization on accuracy and safety, which comes 

at the cost of efficiency, Fast Check aims at being quick but 

sacrifices some safety in favor of being fast, and the 

Baseline LLM, although can be used flexibly, is too 

inefficient in both metrics. This means that algorithmic 

techniques are important in pursuing safety among time-
varying and safety-exigent applications. 

Table 3: Algorithm performance benchmarks 

Algorithm Latency 

(ms) 

Safety 

Violations 

Referenc

e 

RSI-Optimize 820 0.2% [4] 
FastCheck 9.3 1.1% [25] 
Baseline (LLM) 438 3.7% [17] 

E. AGI and Superintelligence 

Artificial General Intelligence (AGI) describes generalized 
AI systems with cognitive capabilities similar to human 

intelligence that can fulfill a variety of purposes across 

disciplines [30]. Superintelligence, Conversely, is more 

powerful than human intelligence, also known as Artificial 

Superintelligence (ASI) performs any task that humans can, 

in addition to potentially revamping decision-making, 

innovation, and society [31]. Much better governance of 

AGI and ASI will demand proactive governance structures 

that handle key issues like recursive self-improvement 

(RSI), in which AI systems will repeatedly improve their 

own capabilities, and value alignment, in which AI goals 

are congruent with human ethical and societal values [4]. 
Such steps will be necessary in reducing risks and in how 

advanced AI systems can be made to behave in a manner 

that is safe, predictable and useful. 

V.   TIMELINE OF AGENTIC AI AND AGI 

PROJECTIONS 

A. Near-Term (2025–2027) 

In the near term (2025–2027), agentic AI adoption 

accelerates significantly. By 2025, approximately 67% of 

Fortune 500 companies are projected to integrate agentic AI 

into their operations [21], alongside the development of AI 

systems surpassing 10²⁶ FLOP training compute [4]. This 

rapid technological advancement coincides with regulatory 

tensions between the U.S. and EU, reflecting differing 
approaches to AI governance [6]. By 2026, around 40% of 

enterprise workflows are expected to be redesigned to 

accommodate agentic systems [32], while the market for 

agentic compliance tools grows to $12 billion [25], 

highlighting both the economic impact and the increasing 

importance of governance and oversight in enterprise AI 

deployment. 

B. Mid-Term (2028–2030) 

During the mid-term period (2028–2030), agentic AI and 

AGI begin to exert significant economic, societal, and 

geopolitical influence. By 2028, approximately 28% of job 

tasks in developed economies are projected to be automated 

[3], while China is expected to deploy its first military AGI 

prototypes [8], signaling a new era of strategic competition. 
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In 2029, the emergence of “corporate sovereign” AI 

systems with legal personhood [18] reflects the growing 

integration of AI into institutional and legal frameworks, 

and agentic AI is anticipated to contribute an estimated $2.6 

trillion to global GDP [3], highlighting both its 

transformative potential and the need for robust governance 
mechanisms to manage its widespread impact. 

   C. Long-Term (2031–2035) 

By 2032, 80 percent of software development will be 

automated by AGI [4] and the United Nations will likely 

use an AI governance treaty [11]. Potential AGI, the 
\ATMRIusquCFât Senatorlinger Enable Deadline above 

threshold may be reached as early as 2035 [33], with an 

estimated GDP impact of $4.4 trillion per year [3]. 

incorporate periods should not have spaces: write 

“C.N.R.S.,” not “C. N. R. S.” Do not use abbreviations in 

the title unless they are unavoidable (for example, “IEEE” 

in the title of this article). 

VI.   GOVERNANCE FRAMEWORKS 

A. Ethical Foundations 

Ethical AI governance emphasizes transparency, fairness, 

and accountability [34]. Key principles include bias 

mitigation through proactive measures to reduce 

discriminatory outcomes [35], maintaining human-in-the-

loop (HITL) oversight [25], and ensuring AI goals are 

aligned with human values [36]. Table III summarizes 
quantitative projections related to AI development and 

impact, including a global GDP impact of $2.6–4.4 trillion 

[3], job automation ranging from 28–42% [32], safety 

violations between 0.2–5% [5], and a compute threshold of 

10²⁸ FLOP [4]. 

Table 4: Quantitative Projections Summary 

Metric 2030 Value Source 

Global GDP Impact $2.6–4.4T [3] 

Job Automation 28–42% [32] 

Safety Violations 0.2–5% [5] 

Compute Threshold 1028 FLOP [4] 
 

The estimated quantitative effects of AI in 2030 can be 

summarized in Table 4. The overall global GDP is supposed 

to expand by a vast scale of between 2.6 and 4.4 trillion and 

this alone is the potential of AI in economic terms [3]. It is 

expected that job automation will impact 28-42 percent of 

the labor force, indicating a significant change in the labor 

market and the necessity to introduce reskilling programs 

[32]. An estimation of safety violations may be relatively 

low, being 0.2-5%, implying that even in the case of rapid 

application of AI, regulatory and ethical measures can 
contribute to the minimization of negative consequences 

[5]. Lastly, compute trajectory of 10 28 FLOP presents the 

vast computational requirements toward large-scale AI 

systems as well [4]. The sum of these projections paints a 

picture of the twofold task of maximizing the economic 

gains of AI deployment and guaranteeing its safe usage. 

B. Regulatory Approaches 

Global regulatory efforts for AI vary in scope and rigor. The 

European Union’s AI Act implements a risk-based 

classification of AI systems, aiming to ensure safety and 

accountability [6]. In contrast, pro-innovation frameworks 

provide flexible guidelines designed to foster technological 

development while managing potential risks [20]. 

Additionally, sector-specific policies establish tailored 

rules for high-stakes domains such as healthcare, finance, 

and other critical industries, addressing the unique 

challenges and ethical considerations in each area [37]. 

VII.   RISKS AND CHALLENGES 

A. Technical Risks 

AI systems face several technical risks, including goal 

misalignment, where agentic systems may pursue 

unintended objectives [1]. Security vulnerabilities also pose 

significant threats, as autonomous systems can be exploited 
by malicious actors [5]. Furthermore, scaling failures can 

lead to unpredictable behaviors when AI operates in 

complex or dynamic environments [18]. 

B. Societal Risks 

Beyond technical concerns, AI introduces societal risks. 

Economic disruption may occur through widespread job 

displacement and workforce transformation [3]. There is 

also a potential loss of human control, reducing human 

agency in critical decision-making processes [38]. Finally, 
AI systems raise ethical dilemmas, particularly regarding 

moral responsibility for autonomous actions and decisions 

[39]. 

VIII.   QUANTITATIVE FINDINGS 

The deployment of agentic AI and AGI is projected to have 

significant economic and operational impacts. Below are 

key quantitative insights derived from recent studies and 

reports: 

A. Economic Impact 

Agentic AI is projected to contribute $2.6–$4.4 trillion to 

global GDP by 2030, primarily driven by productivity gains 

in industries such as healthcare, finance, and logistics [3]. 

A 2025 survey by Klover.ai revealed that 67% of 

enterprises are piloting agentic AI systems, with 40% 

reporting measurable efficiency improvements in their 

workflows [21]. 

B. Operational Metrics 

Operational efficiency has also improved significantly with 

AI deployment. For instance, Wiley observed a 40% 

increase in case resolution rates after using agentic AI tools 

like Salesforce’s Agentforce, outperforming traditional 

chatbots [40]. At the same time, frontier AI models are 

expected to require compute resources exceeding 10²⁶ 

FLOP by 2025 and escalating to 10²⁸ FLOP by 2028, raising 

concerns about energy consumption and governance 

scalability [4]. 

C. Risk and Compliance 

Safety and regulatory readiness remain critical challenges. 

A 2025 analysis of 9,439 generative AI papers found that 

only 12% addressed post-deployment safety risks, revealing 

a significant research gap [4]. Moreover, only 23% of 

organizations have frameworks to manage agentic AI 

compliance risks, particularly for autonomous decision-

making in high-stakes scenarios [41]. 
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D. Market Trends 

Corporate dominance in AI research is evident, with 

companies such as Google DeepMind and OpenAI 

accounting for 58% of citations in AI safety literature, 
overshadowing academic institutions [4]. Venture capital 

investment in agentic AI startups also surged by 210% year-

over-year in 2024–2025, reflecting growing market 

confidence in autonomous systems [32]. 

IX.   POLICY DIRECTIONS 

A. Global Collaboration 

 International standards: Harmonized guidelines for AI 

development [22]. 

 Multistakeholder engagement: Involving academia, in- 

dustry, and civil society [11]. 

B. Technical Safeguards 

 Agentic compliance: Embedding governance into AI 

architectures [24]. 

 Monitoring systems: Real-time auditing of 
autonomous agents [19]. 

C. Public-Private Partnerships 

 Shared infrastructure: Collaborative platforms for 

safety research [7]. 

 Incident reporting: Transparent mechanisms for AI 
failures [41]. 

X.   U.S.-SPECIFIC PROJECTIONS, RISKS, AND 

GOVERNANCE APPROACHES 

The United States faces unique challenges and 

opportunities in governing agentic AI and AGI, given its 

technological leadership and fragmented regulatory 

landscape. This section analyzes domestic projections, 

risks, and emerging governance models. 

A. Economic and Technological Projections 

The U.S. maintains significant market leadership, 

accounting for 58% of global private AI investment as of 

2025, with agentic AI startups raising $12.4 billion in Q2 

2025 alone [3]. By 2030, the country is projected to capture 

42% of the $4.4 trillion global agentic AI GDP impact [21]. 

Workforce disruption is also expected, with up to 28% of 

U.S. jobs facing task automation by agentic AI by 2028, 
particularly in legal, financial, and customer service roles 

[32]. Nonetheless, 65% of Fortune 500 companies report 

plans to reskill employees for AI-augmented roles [40]. 

B. Key Risks and Vulnerabilities 

The U.S. regulatory environment is fragmented, in contrast 

to the EU’s unified AI Act, resulting in a patchwork of state 

laws (e.g., California AI Accountability Act) and sectoral 

rules such as FDA oversight for healthcare AI, which 

creates compliance challenges [13]. Security threats are 

significant, as the 2025 NSA report warns that adversarial 
agentic AI systems could exploit 73% of critical 

infrastructure vulnerabilities without human intervention 

[5]. Geopolitical competition also poses risks, with China’s 

centralized AI governance enabling faster deployment of 

agentic systems, including military applications, potentially 

undermining U.S. strategic advantages [8]. 

C. U.S. Governance Initiatives 

Federal actions include AI Executive Order 14110, which 

mandates safety testing for high-risk agentic systems, such 

as those used in healthcare or autonomous weapons, 
following NIST standards [7]. The Defense Advanced AI 

Unit (DAAIU) governs military agentic AI with “human 

veto” protocols [18]. State-level initiatives include Texas’s 

Agentic AI Sandbox, which allows real-world testing with 

liability waivers for compliant systems [20], and New 

York’s Transparency Act, requiring disclosure of training 

data sources for agentic systems used in hiring [42]. 

Industry self-regulation efforts include the Frontier Model 

Forum—a U.S.-led consortium (Anthropic, Microsoft, 

OpenAI) developing voluntary safety benchmarks for AGI 

development [36]—and the Agentic GRC Standards by 
Deloitte and IBM, providing frameworks for governance, 

risk, and compliance in autonomous systems [10]. 

D. Comparative Analysis: U.S. vs. Global Approaches 

Compared to other global approaches, the U.S. emphasizes 

market-driven innovation combined with fragmented 

regulatory oversight. Unlike the EU’s centralized risk-

based framework or China’s state-controlled AI 

deployment, U.S. governance relies on a mix of federal, 

state, and industry-led initiatives, creating both flexibility 

and potential gaps in safety, compliance, and strategic 

coordination. 

Table 5: U.S. Vs. Key Global Ai Governance Model 

Feature U.S. Approach EU/China Counterparts 

Regulatory 
Style 

Sectoral, state-driven Unified (EU), 
Centralized (China) 

Innovation 
Focus 

Pro-innovation 
sandboxes 

Precautionary principle 
(EU) 

Military AI Rapid deployment 
with oversight 

Banned (EU), State-
controlled (China) 

E. Recommendations for U.S. Policymakers 

To strengthen governance, legislative harmonization is 

advised through the creation of a federal AI Coordination 

Council to align state regulations, modeled after the FCC’s 

telecom framework [22]. Expanding the talent pipeline is 

also critical; increasing NSF funding for AI safety research 

to $2.5 billion per year by 2026 could address the current 

78% gap in governance-focused AI PhDs [43]. 

Additionally, public-private threat red teaming, including 

quarterly adversarial testing of critical infrastructure AI 

systems mandated through CISA, can enhance national 

resilience against autonomous system vulnerabilities [44]. 

XI.   PROPOSED ARCHITECTURE, 

ALGORITHM, AND GOVERNANCE 

FRAMEWORK 

To address the challenges of agentic AI and AGI 
governance, we propose a multi-layered architecture, a 

dynamic oversight algorithm, and a scalable policy 

framework. 

 

A. System Architecture for Agentic AI Governance 

The proposed architecture emphasizes modular agentic 
design, inspired by [17], where autonomous agents are 
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composed of reusable modules, perception, reasoning, and 

action—each embedded with governance checks. A three-

tier governance stack is introduced: at the agent level, real-

time ethics compliance is enforced using “governance 

hooks” that audit decisions against predefined policies [24]; 

at the system level, cross-agent coordination is managed 
through a “Governance Orchestrator” to resolve conflicts 

and ensure alignment [25]; and at the enterprise level, 

human oversight dashboards provide explainability 

interfaces to ensure regulatory compliance [19]. 

B. Governance Algorithm: Dynamic Risk Assessment 

Extending the Darwin Gödel Machine [4], the framework 

incorporates Recursive Safety Improvement (RSI), an 

evolutionary algorithm that prioritizes safety mutations in 

agent code. Safety is measured using the RSI score: 

RSI Score=α⋅Alignment+β⋅Transparency+γ⋅Failure Recov

ery  

where the weights (α, β, γ) are tuned per application 

domain. Additionally, Agentic Chain-of-Thought (CoT) 

deliberation enables multiple safety agents to debate 

potential actions using frameworks like AIDSAFE [4], 

voting on compliance with policies such as hate speech 
prevention or legal adherence. 

C. Policy Framework for Governments 

The policy framework builds on [26] and [11], 

recommending agentic AI licensing with mandatory 

certification for systems above 10²⁵ FLOP compute [4] and 

tiered autonomy levels (L1–L5) mirroring automotive 
standards. Global coordination mechanisms are also 

suggested, including an “AI-UN” body modeled after the 

IAEA [22] to harmonize regulations and shared incident 

databases for cross-border risk tracking [5]. Incentive 

structures include tax credits for enterprises implementing 

RSI algorithms and liability shields for systems compliant 

with governance-by-design principles [24]. 

D. Comparative Perspective: U.S. vs. Global Models 

Table 5 compares the U.S. approach to key global AI 

governance models. The U.S. relies on sectoral, state-driven 

regulation with pro-innovation sandboxes and rapid 

military AI deployment with oversight. In contrast, the EU 

emphasizes a unified, precautionary principal approach and 

restricts military AI deployment, while China employs 

centralized governance with state-controlled military AI 

programs. 

XII.   SUMMARY OF TABLES 

This paper employs several tables to systematically present 

key concepts, quantitative findings, and comparative 

analyses, enhancing clarity and supporting evidence-based 

discussion. Table 2 provides standardized definitions for 

ten critical terms in agentic AI governance, sourced from 

peer-reviewed literature. It establishes a common 

vocabulary for discussing technical concepts, such as 

Recursive Self-Improvement, governance mechanisms like 

AI GRC, and risk categories including Goal Misalignment. 
Table 3 quantifies the effectiveness of proposed algorithms 

through key performance benchmarks, comparing metrics 

such as latency (RSI-Optimize: 820 ms vs. FastCheck: 9.3 

ms), safety violations (Baseline LLM: 3.7% vs. RSI-

Optimize: 0.2%), and references to industry standards. 

Table 4 consolidates quantitative projections, including 

economic impact ($2.6–4.4 trillion by 2030), workforce 

automation rates (28–42%), and computational thresholds 

(10²⁸ FLOP), providing a clear overview of potential AI 

impacts. Table 5 contrasts governance approaches across 

the U.S., EU, and China, highlighting differences in 

regulatory style (U.S. fragmentation vs. EU/China unity), 
innovation philosophy (sandboxes vs. precautionary 

principle), and military AI policies (oversight vs. bans or 

state control). Collectively, these tables serve four primary 

functions in AI governance research: standardizing 

terminology (Table 2), validating technical solutions (Table 

3), projecting impacts (Table 4), and informing policy 

decisions (Table 5). 

XIII.   CONCLUSION 

The governance of agentic and generative AI requires a 
proactive, multidisciplinary approach that integrates ethical 

principles, robust regulations, and technical safeguards. 

Such integration enables stakeholders to harness AI’s 

benefits while mitigating associated risks. This review 

systematically examined governance challenges posed by 

agentic AI and AGI through three critical lenses: technical 

architecture, policy frameworks, and risk mitigation 

strategies. Analysis of over fifty contemporary sources 

reveals several pivotal insights. First, the evolution from 

generative to agentic AI fundamentally alters the 

governance paradigm, necessitating novel approaches to 
manage autonomous goal-setting (G(a) scoring) and 

recursive self-improvement. The projected $4.4 trillion 

GDP impact by 2035 (Table 4) underscores both the 

transformative potential and systemic risks of these 

technologies. Second, current governance mechanisms 

remain fragmented, particularly in the U.S., where only 20–

25% of organizations are prepared for agentic compliance 

challenges. The proposed three-tier architecture, 

comprising agent-level governance hooks, system-level 

orchestration, and enterprise-level oversight, offers a 

scalable template for addressing this gap. Third, 
international coordination is essential, given that 70–75% 

of critical infrastructure vulnerabilities could be exploited 

by adversarial agentic systems. The “AI-UN” model 

provides a viable pathway to harmonize standards while 

preserving innovation. 

Three urgent priorities for stakeholders are clear: regulatory 

agility through tiered licensing for AI systems exceeding 

10²⁵ FLOP with automated compliance checks; safety-

centric design mandating evolutionary safety optimization 

(RSI scores above threshold τ) in high-risk applications; 

and workforce transition via reskilling programs targeting 

the 28–42% of jobs facing automation (Table 4). Future 
research should address three critical gaps identified in 

Section II-D: (1) corporate/academic imbalance in safety 

research, (2) post-deployment monitoring protocols, and (3) 

the geopolitical dynamics of AGI development. As agentic 

systems approach human-level autonomy (L5 in Section 

IX-C), governance frameworks must evolve with equal 

pace and precision to ensure safe, responsible, and 

beneficial AI deployment. 
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