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ABSTRACT 

Purpose: The purpose of this paper is to synthesize a cross-disciplinary typology of 

"singularity" concepts, ranging from mathematical and physical to technological and socio-

ecological domains. It aims to provide comparative analyses and a SWOC (Strengths, 

Weaknesses, Opportunities, Challenges) framework to evaluate the mechanisms, impacts, and 

governance readiness of different singularity types. Ultimately, the paper seeks to clarify why 

the concept matters, offering interpretive tools and ethical guidance for navigating these 

profound, potentially irreversible transitions in science and society. 

Methodology: Qualitative exploratory research where the relevant information is collected 

using keyword-based search using Google, Google Scholar, and AI-driven GPTs. The 

information is analysed using suitable analysis frameworks as per the objectives of the paper.  

Analysis: This paper develops a comprehensive cross-disciplinary typology of singularities, 

categorizing them into mathematical, physical, technological, and socio-philosophical types. 

Through a comparative analysis and SWOC framework, it evaluates each type's mechanisms, 

measurability, and societal impact, revealing a critical governance gap for high-impact 

technological and ecological singularities. The results underscore that these events represent 

points where predictive models break down, necessitating new scientific theories, proactive risk 

governance, and ethical frameworks to navigate their profound and potentially irreversible 

consequences. 

Originality: This paper provides an original and valuable cross-disciplinary synthesis by 

constructing a unified typology of singularities—from mathematical and physical to 

technological and socio-ecological—that is not found in existing literature. Its value lies in 

offering comparative analytical tools like SWOC analysis and evaluation rubrics, which enable 

structured interpretation and governance of high-impact, irreversible transitions across 

scientific and societal domains. 

Type of Paper: Review-based exploratory research. 

Keywords: Singularity, Future of Science, Future of Society, Mathematical Singularity, 

Physical Singularity, Technological Singularity, Ecological Singularity, Philosophical 

Singularity, Economic Singularity, Tipping point, Phase transition, Ethics 

1. INTRODUCTION :  

The term "singularity" has evolved from a precise mathematical concept into a powerful metaphor used 

in technology, physics, and spirituality. The word singularity names a family of breakdown 

phenomena—points at which our prevailing descriptions, metrics, or control methods cease to behave 

smoothly—found across mathematics and physics, technology, social systems, and philosophy. In 

general relativity, for instance, singularities are formalized as geodesic incompleteness (rather than just 

“infinities”): trajectories that cannot be extended, signaling a limit of the theory’s domain. Classic 

results by Hawking and Penrose showed that, under broad energy and causal conditions, gravitational 

collapse generically produces such singularities, anchoring the modern view that black-hole interiors 

and the early universe probe the edge of explanatory adequacy for classical spacetime physics (Geroch 
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(1968). [1]; Hawking & Penrose (1970). [2]). Later work strengthened the sense in which even 

successful cosmological models (such as inflation) cannot be run arbitrarily far into the past without 

encountering incompleteness, reinforcing the idea that singularities mark domains requiring new 

physics (Borde et al. (2003). [3]). The aim of this article is to motivate a cross-domain review of 

singularities, to clarify why the concept matters in science and society, and to provide tools for 

comparison, evaluation, and governance across disparate literatures. 

1.1 Different types of singularities, categorized by their field: 

(1) Mathematical Singularity: 

This is the original meaning of the term. In mathematics, a singularity is a point at which a given 

mathematical object is not defined, or a point where it ceases to be well-behaved in some particular 

way, such as by lacking differentiability or analyticity. 

 Examples: 
o f(x) = 1/x: This function has a singularity at x = 0, where it "blows up" to infinity. 

o f(x) = |x| (Absolute Value): This function has a singularity at x = 0 because it is not 

differentiable at that point (it has a sharp "corner"). 

o Complex Analysis: Points where a complex function is not analytic are called 

singularities (e.g., f(z) = 1/(z^2 + 1) has singularities at z = i and z = -i). 

(2) Physical Singularity: 

In physics, a singularity is a point or region where the known laws of physics break down, and quantities 

like density, gravity, or curvature become infinite. 

 Gravitational Singularity (General Relativity): 
o Black Hole Singularity: A point of infinite density and zero volume at the center of a 

black hole, hidden behind the event horizon. Spacetime curvature becomes infinite 

here. 

o Cosmological Singularity: The initial state of the universe at the beginning of the Big 

Bang. All the mass, energy, and spacetime of the universe were contained in an 

infinitely dense point. 

o Naked Singularity: A hypothetical gravitational singularity not hidden behind an 

event horizon. Its existence is controversial (it violates the Cosmic Censorship 

Hypothesis) as it would allow the laws of physics to break down in a way observable 

from the rest of the universe. 

 Other Physical Singularities: 
o Van der Waals Equation: A model for real gases that predicts singularities (infinities) 

under certain conditions, which are not physically real but indicate the model's 

limitations. 

(3) Technological Singularity: 

This is a hypothetical future event and a popular concept in futurology. It refers to the point where 

technological growth becomes uncontrollable and irreversible, resulting in unforeseeable changes to 

human civilization. The term was popularized by mathematician and author Vernor Vinge. 

 Primary Driver: The Creation of Artificial Superintelligence (ASI): The most common 

hypothesis is that an AI capable of recursive self-improvement would rapidly create an intellect 

vastly superior to human intelligence. This "intelligence explosion" would lead to changes so 

profound that the world after the singularity is as incomprehensible to us as human civilization 

is to a chimpanzee. 

 Other Potential Drivers: Human biological enhancement (brain-computer interfaces) or the 

emergence of a global super-intelligent network. 

 Key Figures: Ray Kurzweil (who predicts a singularity around 2045), Nick Bostrom, and 

Vernor Vinge. 

(4) Ecological Singularity (or Planetary Singularity): 

A more recent and less formal concept describing a potential point of no return for Earth's ecosystems. 

 Definition: A theoretical threshold where the planet's systems shift into a new, irreversible state 

due to human activity (e.g., climate change, biodiversity loss). It's the ecological equivalent of 

a tipping point on a global scale, after which the future of the biosphere becomes fundamentally 

unpredictable and potentially uninhabitable for human civilization as we know it. 
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 Examples: Runaway greenhouse effect, collapse of major ocean currents, mass extinction 

events. 

(5) Spiritual / Philosophical Singularity: 

This is a metaphorical and mystical concept, not a scientific one. It describes a point of ultimate 

transcendence or unification of consciousness. 

 Definition: A hypothetical moment where individual consciousness merges into a unified, 

collective whole or achieves a state of enlightenment or god-like awareness. It is often 

associated with ideas of cosmic consciousness, the Omega Point (by Pierre Teilhard de 

Chardin), or the culmination of human spiritual evolution. 

 In Buddhism/Hinduism: The concept of achieving Nirvana or Moksha—a release from the 

cycle of rebirth and a merging with the divine or the universe—can be seen as a form of spiritual 

singularity for an individual. 

(6) Economic Singularity: 

A speculative concept where the global economic system undergoes a radical and irreversible 

transformation. 

 Definition: A point where automation, AI, and robotics become so advanced that they render 

most human labour economically obsolete. This would necessitate a complete restructuring of 

economic models, potentially leading to a post-scarcity economy (if managed well) or extreme 

inequality and social upheaval (if managed poorly). Concepts like Universal Basic Income 

(UBI) are often discussed as potential responses to this possibility. 

 

Table 1: Summary of different types of singularities 

Type of 

Singularity 
Core Idea Field Nature 

Mathematical 

A point where a function or 

equation is undefined or 

"blows up." 

Mathematics 

A precise, well-defined 

technical term. (Ishii 

(2018). [4])  

Physical 

(Gravitational) 

A point of infinite density 

where the laws of physics 

break down. 

Physics 

A theoretical prediction 

of our current models 

(GR). Arnol et al. 

(1993). [5]) 

Technological 

An intelligence explosion 

leading to unpredictable 

civilizational change. 

Futurology / 

Computer 

Science 

A hypothetical future 

event. 

Sandberg, A. (2013). [6]; 

[7]; [8]  

Ecological 

A global tipping point 

leading to an irreversible 

new state of Earth's systems. 

Ecology / Earth 

Science 

A potential, real-world 

risk. (Magee & Devezas 

(2011). [9])  

Spiritual 

The ultimate transcendence 

and unification of 

consciousness. 

Philosophy / 

Mysticism 

A metaphysical or 

religious concept. (Van 

den Berg (2012). [12]) 

Economic 

The obsolescence of human 

labour due to automation, 

requires a new economic 

system. 

Economics 

A speculative socio-

economic scenario. 

[13]; [14]  
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In essence, the concept of a "singularity" has expanded from a technical mathematical description to a 

powerful cross-disciplinary metaphor for any point of no return beyond which the old rules no longer 

apply and the future becomes fundamentally unknowable. 

 

1.2 Scope & Boundaries: Mapping Neighbouring Constructs: 

Because “singularity” is used loosely, we distinguish it from related ideas that occupy the neighborhood 

in conceptual space but are not identical: 

 Tipping point: a threshold in a system’s control parameters at which small perturbations induce 

a large, often abrupt state change (e.g., norm shifts, ecological regime change). Tipping points 

often coincide with critical transitions but need not comprise mathematically singular response 

functions; their empirical study emphasizes early-warning signals such as rising variance and 

autocorrelation (“critical slowing down”) (Scheffer et al (2009). [15]; Centola et al. (2018). 

[16]).  

 Phase transition: a shift in macroscopic order with non-analytic changes in thermodynamic 

potentials; at continuous transitions, divergences in correlation length and susceptibilities 

produce scaling and universality. This is the canonical physical singularity of the response 

landscape (Hohenberg & Halperin (1977). [17]).  

 Criticality: the condition of being at (or near) the critical point. In self-organized criticality, 

dynamics drive systems toward such states, generating scale-free avalanches without external 

tuning. Not all tipping or catastrophic changes are critical in this sense (Bak et al. (1987). [18]).  

 Catastrophe (catastrophe theory): qualitative, topological changes in system equilibria (e.g., 

fold or cusp catastrophes) as control parameters vary smoothly; used to model abrupt shifts 

across diverse domains. Catastrophes need not imply divergence of observables, and their 

classification emphasizes geometry of stability landscapes rather than statistical scaling 

(Zeeman (1979). [19]).  

This article uses “singularity” strictly for regimes where models lose smoothness, predictability, or 

completeness—either formally (as in GR) or effectively (as in control and governance). The operational 

test is: does the system’s error budget, uncertainty, or governing equations cease to be appropriate 

without new variables, new theory, or new institutions? On this usage, singularities are warning labels 

for epistemic and normative insufficiency. 

 

1.3 Contributions of this Article: 

This review-based analysis article contributes four integrative elements that, together, make 

“singularity” analytically useful across disciplines: 

(1) Integrated typology. We collate singularity-like regimes into a structured typology spanning (i) 

physical/mathematical (GR singularities; critical phenomena), (ii) complex systems (critical 

transitions, tipping elements), (iii) technological (hypothesized capability explosions and control 

cliffs), and (iv) philosophical/social limit concepts tied to responsibility and meaning under 

uncertainty. Each type is defined by mechanism, indicators, boundary conditions, and evidential 

standards [20-24]. 

(2) SWOC analysis. For every type, we assess Strengths (explanatory/predictive power), Weaknesses 

(measurement, ambiguity), Opportunities (new science, engineering, policy), and Challenges (risk, 

governance, ethics). 

(3) Comparison & evaluation criteria. We propose a comparison matrix (mechanism class, 

measurability, reversibility, timescale, uncertainty profile, and governance readiness) plus an evaluation 

rubric (feasibility, impact, detectability, reversibility, ethical risk). 

(4) Ethics & sustainability guidance. We synthesize governance implications—precautionary 

principles, responsibility to future generations, and existential-risk prioritization—linking technical 

indicators to actionable oversight (Geroch (1968). [25]).  

 

1.4 Why Singularity Matters: Science and Society: 

For science, singularities are engines of progress because they expose the limits of current theories 

and force clarification or extension (e.g., quantum gravity for GR singularities; renormalization-group 

understandings of scale-free behaviour at criticality) (Hawking & Penrose (1970). [26]; Hohenberg & 

Halperin (1977). [21]). They also motivate new diagnostic metrics—from correlation-length proxies 
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and scaling exponents to early-warning indicators (variance, autocorrelation) and network-sensitive 

thresholds (Scheffer (2009). [22]). For society, singularity analysis supports risk governance by 

foregrounding when and why models fail and suggesting leading indicators and control levers for 

steering away from harmful regimes (e.g., monitoring ice-sheet stability or social tipping fractions) 

while harnessing desirable transitions (e.g., rapid decarbonization, beneficial technology diffusion) 

(Lenton (2008). [23]; Centola (2018). [27]). In technology policy, attention to potential capability cliffs 

aligns with contemporary work on long-term risk and moral responsibility under uncertainty (Bostrom 

(2013). [28]).  

 

1.5 Paper Roadmap: 

Section 2 states objectives and research questions. Section 3 provides a scoping review of literature 

across domains. Section 4 details an exploratory methodology (search, screening, data extraction, 

coding). Section 5 constructs a typology with definitions, mechanisms, indicators, and illustrative cases 

for each singularity type. Section 6 conducts SWOC analyses, followed by Section 7 (cross-type 

comparison matrix) and Section 8 (evaluation rubric and pathways to or away from singularity-like 

states). Section 9 interprets scientific and societal implications, while Section 10 synthesizes ethical 

considerations and sustainability guidance. Section 11 notes limitations and future work; Section 12 

concludes. 

2. OBJECTIVES OF EXPLORATORY RESEARCH : 

The following objectives are identified: 

(1) Build a typology of singularities across science, technology, and philosophy. 

(2) Conduct an exploratory literature review to assess the current status. 

(3) Apply SWOC to each singularity type. 

(4) Compare types of mechanisms, measurability, reversibility, uncertainty, timescale, and impact. 

(5) Evaluate pathways/conditions under which singularities are approached or avoided; interpret 

implications for science & society. 

3. REVIEW OF LITERATURE : 

3.1 General Review: 

The term "singularity" denotes a point of profound, irreversible, and often unpredictable change where 

existing models or paradigms break down. Its meaning and implications vary dramatically across 

disciplines. This review synthesizes the literature on the singularity concept in (i) Science and 

Mathematics, (ii) Technology, and (iii) the interconnected realms of Philosophy, Spirituality, 

Economics, and Ecology. 

(i) Singularity Concept in Science and Mathematics: 
In science and mathematics, a singularity is a well-defined point where a function, model, or physical 

property ceases to behave regularly and becomes undefined or infinite. 

In Mathematics, singularities are points where a given mathematical object—most commonly a 

function—is not defined or not "well-behaved" (e.g., not differentiable). A classic example is the 

function *f*(*x*) = 1/*x*, which has a singularity at *x* = 0, as its value approaches infinity (Torres, 

P. J. (2015). [29]). In complex analysis, the study of poles, essential singularities, and removable 

singularities is fundamental to understanding analytic functions and their integrals. 

In Physics, singularities are predicted by general relativity at the center of black holes and at the 

beginning of the Big Bang. These are points where density and gravitational curvature become infinite, 

and the laws of physics as we know them cease to apply. The Penrose-Hawking singularity theorems 

provide a rigorous framework for predicting their existence under general conditions (Curiel (2019). 

[30]). A significant focus of modern theoretical physics, such as loop quantum gravity and string theory, 

is to develop a quantum theory of gravity to resolve these singularities and provide a complete 

description of these extreme states (Bojowald (2015). [31]). 

(ii) Singularity Concept in Technology: The Technological Singularity: 
The technological singularity is a hypothetical future point where technological growth becomes 

uncontrollable and irreversible, resulting in unforeseeable changes to human civilization. This concept 

is most famously associated with the advent of artificial superintelligence (ASI). 
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The term was popularized by mathematician and science fiction writer Vernor Vinge (1993) [32], who 

argued that the creation of entities with intelligence greater than our own would represent a breakdown 

in our ability to model the future. Ray Kurzweil (2005) [33], a leading proponent, further developed the 

idea, predicting a singularity around 2045 driven by the law of accelerating returns, where 

biotechnology, nanotechnology, and AI would lead to a fusion of human and machine intelligence. 

The core mechanism of the technological singularity is recursive self-improvement. An Artificial 

Intelligence (AI) reaching human-level capability (AGI) could then design a more powerful version of 

itself, triggering a feedback loop of rapid improvement culminating in superintelligence (Bostrom, 

2014) [34]. This intelligence explosion poses existential risks and opportunities. Scholars like Bostrom 

(2014) [35] analyze the potential for misuse, the challenge of aligning AI goals with human values (the 

alignment problem), and the ethical imperatives of navigating this transition safely. Critics, such as 

biologist and AI researcher Melanie Mitchell (2019) [36], argue that the concept is vague, 

underestimates the profound complexities of human cognition, and may be more of a metaphysical 

belief than a rigorous scientific prediction. 

(iii) Singularity Concept in Philosophy (Spirituality), Economics, and Ecology: 
Beyond physics and technology, the singularity metaphor is used to describe transformative, paradigm-

shifting events in human systems. 

In Philosophy and Spirituality, the concept often intersects with notions of transcendence and cosmic 

consciousness. Philosophers like Pierre Teilhard de Chardin described the "Omega Point" as a 

maximum level of complexity and consciousness towards which the universe evolves—a theological 

and evolutionary singularity (Steinhart (2018). [37]). In transhumanist thought, the technological 

singularity is framed as a quasi-spiritual event, a "Rapture of the Nerds," where humanity might 

transcend its biological limitations, achieving immortality or uploading consciousness (Geraci (2010). 

[38]). This raises deep philosophical questions about personhood, identity, and what it means to be 

human in a post-singularity world. 

In Economics, the term "economic singularity" has been used to describe a potential point where 

automation, driven by AI and robotics, disrupts labor markets so profoundly that traditional economic 

models based on human labor and capital become obsolete (Brynjolfsson & McAfee, (2014). [39]). This 

could lead to mass technological unemployment or necessitate radical new economic structures, such 

as universal basic income (UBI), to manage the transition to a post-scarcity or highly stratified economy 

(Ford (2015). [40]). 

In Ecology, the concept of a planetary or environmental singularity is linked to the Anthropocene epoch. 

It describes a threshold in Earth's systems—such as biodiversity loss, climate change, or 

biogeochemical flows—beyond which the planet irreversibly transitions to a new state hostile to human 

civilization (Barnosky et al. (2012). [41]). This "tipping point" represents a breakdown of the ecological 

and climatic models that have remained stable throughout human history, forcing a fundamental 

rethinking of humanity's relationship with the natural world. 

 

3.2 Systematic Review:  

Table 2: Review of some important scholarly articles using the keyword: Singularities in Science and 

Mathematics 

S. 

No. 
Area Focus or Outcome Reference 

1 Mathematics of 

singularities 

This paper considers mathematical 

singularities and broadly lets the notion 

include contradictions.  

Escultura, E. E. 

(1992). [42]  

2 The physical 

singularity of life  

The book explores key concepts in physical 

and biological phenomena through an analysis 

of the foundations of mathematics and physics. 

Bailly, F., & 

Longo, G. (2011). 

[43]  

3 Mathematical 

geosciences 

Local singularity analysis of nonlinear Earth 

processes and extreme geo-events 

Cheng, Q. (2018). 

[44]  

4 Some observations 

on the role of 

singularity in the 

Singularity refers to an unusual or exceptional 

quality in a person or object—an individual 

trait that, by its nature, stands in contrast to the 

Hamel, J. (1993). 

[45]  
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exact, mathematical, 

and social sciences 

universal principles that science seeks to 

establish. 

5 The Singularity of 

Nature 

Offers new insights into a unifying framework 

between physics and biology, proposing 

consciousness as the culmination of this 

continuum. As a proof of concept, it challenges 

the traditional link between terminal addition 

and evolution, showing it arises from cell-cell 

signaling—both in development and 

evolution—as an expression of Singularity. 

Torday, J. S. 

(2019). [46]  

6 Studies on 

Singularities.  

Polini proposes to investigate local and global 

information on the singularities of a given 

curve; to set up a correspondence between the 

types of singularities and the shapes of the 

syzygy matrices of the forms parametrizing 

them. 

Polini, C. (2012). 

[47]  

7 Different 

singularities that are 

near and how will 

they disrupt human 

history? 

This paper examines a wide range of 

approaches that have been employed to 

analyze profound societal changes driven by 

technological advancements. 

Magee, C. L., & 

Devezas, T. C. 

(2011). [48]  

8 Is singularity a 

scientific concept or 

the construct of 

metaphysical 

historicism 

Over the past decade, the concept that 

humanity's future may converge toward a 

mathematical solution—referred to as the 

'singularity'—has garnered significant 

attention within the field of Big History. 

Snooks, G. D. 

(2020). [49]  

9 Quantised 

singularities in the 

electromagnetic field 

It is proposed to utilize the full scope of pure 

mathematics to refine and expand the 

mathematical framework underlying 

theoretical physics, and, following each 

advancement, to interpret the newly developed 

mathematical features in terms of physical 

entities. 

Dirac, P. A. M. 

(1931). [50]  

10 Mathematical 

Sciences: Geometry 

of Singularities 

Gaffney studies the local geometry of analytic 

sets and mappings. The goal in this area is to 

find numbers with a geometric content that will 

describe the geometry of the object under 

study.  

Gaffney, T. J. 

(1994).  [51]  

11 A critical appraisal 

of the singularity 

theorems 

The awarding of the 2020 Nobel Prize in 

Physics has renewed interest in the singularity 

theorems, particularly the Penrose theorem 

introduced in 1965. This paper explores space–

time extensions in relation to these theorems 

and examines the nature of singularities within 

black holes. 

Senovilla, J. M. 

(2022).  [52]  

12 Four attitudes 

towards singularities 

in the search for a 

theory of quantum 

gravity 

This paper categorizes four distinct “attitudes” 

toward singularities in the pursuit of quantum 

gravity (QG) and demonstrates, using 

examples from the physics literature, how each 

perspective leads to different potential 

scenarios for the emerging theory. 

Crowther, K., & 

De Haro, S. 

(2022). [53]  

13 The singularities of 

light: intensity, 

phase, polarisation 

In modern optics, the nature of light can be 

interpreted through a hierarchy of 

descriptions—from rays and scalar waves to 

vector and quantum fields. Each of the first 

Berry, M. V. 

(2023). [54]  
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three levels features its own characteristic 

singularities, which serve as useful tools for 

interpreting optical phenomena. However, 

these singularities are consistently dissolved 

upon moving to the next, more fundamental 

level of description. This pattern of emergent 

and subsequently resolved singularities is a 

universal feature of wave behaviour, not 

unique to light alone. 

 

Table 3: Review of some important scholarly articles using the keyword: Singularities in Technology  

S. 

No. 
Area Focus or Outcome Reference 

1 Technological 

singularities 

Advancements in artificial intelligence (AI) 

technology are increasingly positioned to take 

over a wide range of intellectual tasks. 

Growing attention is now focused on a specific 

technological singularity related to AI—the 

emergence of an AI-based system that 

surpasses human intelligence. This paper 

explores past technological singularities and 

their impacts on human life, examines the 

aforementioned AI singularity, and concludes 

with key observations. 

Desai, B. C. 

(2015). [55] 

2 Using the 

Technological 

Singularity Scenario, 

can AI parallel and 

surpass all human 

mental capabilities 

This paper argues that the primary obstacle to 

realizing the Technological Singularity is not 

an AI takeover, but rather the nature of the 

contemporary human mind. It explores the 

specific mental processes and capabilities that 

pose a serious challenge to this scenario, 

positing that the further evolution of human 

intellect itself is the central issue. 

Tariq, S., Iftikhar, 

A., Chaudhary, P., 

& Khurshid, K. 

(2023). [56] 

3 Data science at the 

singularity 

In certain fields, progress is accelerating at an 

unprecedented pace as they transition to a state 

of frictionless reproducibility (FR). This shift 

significantly alters the dissemination of ideas 

and practices, influences prevailing mindsets, 

and leads to the fading of memories of earlier 

developments. 

Donoho, D. 

(2023). [57]  

4 Machine learning 

detects terminal 

singularities 

This paper demonstrates the application of 

machine learning to understanding this 

classification problem. Focusing on eight-

dimensional positively curved algebraic 

varieties with toric symmetry and Picard rank 

two, we develop a neural network classifier 

capable of predicting, with 95% accuracy, 

whether a given algebraic variety is Q-Fano. 

Coates, T., 

Kasprzyk, A., & 

Veneziale, S. 

(2023). [58]  

5 Is singularity 

possible? 

This article examines the concept, widely 

recognized in social philosophy at the turn of 

the 20th and 21st centuries, that the 

exponential acceleration of progress ultimately 

leads to a technological singularity. 

Irina, S. (2018). 

[46]  

6 About Technological 

Singularity 

This paper addresses issues related to the 

technological singularity, stemming from 

Potapov, A. (2018). 

[59]  
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speculative beliefs about the creation of 

artificial general intelligence. It applies the 

theory of metasystem transitions and the 

concept of universal evolution to analyze and 

clarify common misconceptions surrounding 

the technological singularity. 

7 Technological 

singularity: The dark 

side 

The paper examines the phenomenon of 

panterrorism and the concept of the 

Anthropocene, proposing the hypothesis that 

transdisciplinary collaboration between 

philosophy, spirituality, and both the natural 

and human sciences serves as a vital means of 

resisting emerging forms of barbarism. 

Nicolescu, B. 

(2017). [60]  

8 Beyond 

Technological 

Singularity-the 

Posthuman 

Condition 

This paper explores a range of technologies 

with the potential to irreversibly transform the 

human condition, transitioning humanity 

toward a transhuman or posthuman state. 

These include technologies that virtualize 

social space, enabling the transcendence of 

spatial limitations by allowing existence and 

communication in a non-topological realm; the 

possibility of transferring human 

consciousness into electronic storage media, 

creating a non-biological form of existence 

independent of the physical body; and 

speculative technologies aimed at indefinitely 

extending life, thereby freeing humans from 

the physical constraints of temporality and 

mortality. 

Sandu, A., & Vlad, 

L. (2018). [61]  

9 The technological 

singularity as the 

emergence of a 

collective 

consciousness 

The paper contends that within the next few 

decades, information-based technologies will 

integrate the entirety of human knowledge and 

capabilities, eventually replicating the human 

brain’s pattern-recognition abilities, problem-

solving skills, and even emotional and moral 

intelligence. It highlights the critical 

importance of viewing progress from an 

exponential rather than a linear perspective, 

noting that misjudging this distinction is one of 

the most common errors made when predicting 

future trends. 

O’Lemmon, M. 

(2020). [62]  

10 Superintelligence 

and singularity -

Machine Learning 

and the City 

The paper highlights the importance of 

adopting an exponential rather than a linear 

perspective, as failing to do so is one of the 

most significant mistakes made by forecasters 

when predicting future trends. It points out that 

most technology forecasts and forecasters tend 

to overlook this historical pattern of 

exponential technological progress. 

Kurzweil, R. 

(2022). [63]  

11 The Singularity: Will 

We Survive Our 

Technology 

In recent years, the concept of a technological 

singularity has expanded beyond the 

development of advanced AI to include 

genetic, pharmacological, and prosthetic 

enhancements capable of transforming humans 

into ultraintelligent beings. 

Wallach, W. 

(2016). [64]  
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12 Singularity & ICT 

Research 

This paper analyses the views of Vernor Vinge 

and Ray Kurzweil, the technological 

singularity could be triggered by an 

"intelligence explosion," in which 

superintelligent AI rapidly designs ever-more 

powerful minds. This event, potentially driven 

by AI, biological enhancement, or brain-

computer interfaces, raises the possibility of a 

future where superintelligent machines assume 

control, potentially making humans 

subservient. 

Osuagwu et al. 

(2014). [65] 

 

Table 4: Review of some important scholarly articles using the keyword: Singularities in Philosophy 

(including ecological, spiritual, and economic) 

S. 

No. 
Area Focus or Outcome Reference 

1 The singularity: a 

crucial phase in 

divine self-

actualization 

The author argues that technological 

posthumanists, whether wittingly or 

unwittingly, draw upon the long-standing 

Christian discourse of “theosis,” according to 

which humans are capable of being God or 

god-like.  

Zimmerman, M. E. 

(2008). [66]  

2 The economics of 

singularities 

The Economics of Singularities is a translation 

from the original French L’Economie des 

singularités. In the process, the text has been 

extensively revised, either for clarification or 

to improve the arguments, and the chapter on 

prices has been rewritten.  

Karpik, L. (2021). 

[67]  

3 The Singularity in 

Time 

Analysis led to discussion on the collective 

destiny to reach the Omega Point of 

evolutionary convergence by passing through 

the Singularity in time before Homo sapiens 

sapiens ‘wise, wise human inevitably becomes 

extinct remains to be seen.  

Hague, P. (2011). 

[68]  

4 A singular universe 

of many singularities 

Energy rate densities of human brains, human 

society, and modern technological devices 

have now reached comparable levels, marking 

them as the most complex systems on Earth. 

While accelerating change is well supported by 

extensive data, the anticipated technological 

singularity of 21st-century cultural evolution is 

neither more nor less significant than past 

singularities that have occurred throughout 

physical and biological evolution, all 

unfolding along a non-directional and 

unpredictable trajectory of cosmic evolution—

from the Big Bang to the rise of humankind. 

Chaisson, E. J. 

(2013). [69]  

5 An Ecological 

Philosophy of Self 

and World 

By engaging with concepts from ecology, 

biology, phenomenology, ethology, 

complexity theory, and Deleuze and Guattari's 

assemblage theory, this work seeks to address 

the fundamental question of why humanity 

should strive to ensure its own survival. 

Riggio, A. A. 

(2012). [70] 
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6 Singularity and 

catholic spirituality 

The concept of singularity, as a form of 

technological progress, presents humanity 

with an increasing number of ethical 

challenges related to actions within the 

biosphere. These circumstances highlight the 

need for ethics to establish guiding principles 

and frameworks, drawing on the knowledge 

and teachings of the Catholic Church. The 

Church’s role begins with advocating the right 

to information and educating people on how to 

use these emerging tools of communication 

responsibly. 

Macsut, A. M., & 

Grosu, S. (2012). 

[71] 

7 Rudiments of a 

Singularity-

Philosophy of 

Religion 

This paper outlines the foundational principles 

of a singularity-oriented philosophy of 

religion, focusing on the ontology of religious 

ideation as a means to clarify the frameworks 

of reasoning about the phenomenon. It argues 

that religious ideation constitutes an 

equireversible, mediated, and potentially 

purely formal ontology. 

George, J. M. 

(2018). [72]  

 

8 The Philosopher's 

Singularity 

By harnessing abundant and sustainable 

energy sources, we can unlock the inherent 

potential within every individual worldwide. 

Such abundance could give rise to a post-

scarcity society—one defined not by 

limitations or lack, but by the boundless wealth 

and capabilities innate to each person. 

Leou-On, Y. 

(2014). [73]  

9 The Unique, the 

Singular, and the 

Individual 

Within the framework of Western thought, 

despite postmodern efforts to pluralize and 

relativize the concept of the subject, 

discussions of God in philosophical and 

theological contexts inevitably center on 

God’s uniqueness. Similarly, despite 

constructivist attempts to conceptualize 

cosmic singularity and human identity in 

pluralistic terms, it remains necessary to 

acknowledge the concrete individuality and 

singularity of complex, determinable beings. 

Perrier, R. E., & 

Dalferth, I. U. 

(2022). [74]  

10 Social singularity in 

the digital era 

In analyzing the phenomenon of social 

singularity, we highlight the conflict between 

non-objectified human emotions and 

computational thinking. When subjectivity 

extends beyond the boundaries of the Self, it 

transforms into the non-human Other. This 

article, therefore, explores how algorithms and 

artificial intelligence influence human 

subjectivity and free will, emphasizing the 

critical importance of understanding how 

computational processes can either constrain 

or enhance human potential. 

Utiuzh, I. H., 

Konovalenko, O., 

& Volkova, V. 

(2025). [75] 

11 The Spiritual 

Singularity vs. The 

Technological 

Singularity 

The exploration of global intelligence reveals 

a persistent and powerful human intuition: that 

our existence is inextricably linked to a reality 

larger than our individual selves, and that 

larger reality is evolving and changing. These 

Michels, J. (2025). 

[76]  
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theories are not necessarily mutually 

exclusive. They can be viewed as 

complementary perspectives on a complex, 

multi-layered reality. Lovelock's Gaia may 

describe the planet's unconscious 

physiological substrate – its biosphere. Russell 

and Bloom, building from Bateson, may be 

charting the emergence of a technologically 

and socially mediated infosphere. And Chardin 

and Aurobindo's may yet be describing the 

ultimate spiritual potential of this larger 

process – an evolutionary possibility not yet 

realized by the larger human whole. Time will 

tell. 

12 Non-dual singularity This paper proposes that both Singularities—A 

and Ω—are merely polar expressions of the 

fundamental Void that eternally exists, 

preceding its apparent division into energy and 

consciousness. In this view, the initial and final 

Singularities represent points of departure 

from and return to this timeless, self-evident 

non-dual Emptiness, which continuously 

manifests, moment by moment, as the world of 

forms. 

Faixat, J. D. 

(2022). [77] 

11 Virtual Immortality–

God, Evolution, and 

the Singularity in 

Post-and 

Transhumanism  

Traditional forms of life are limited in their 

ability to process information and incapable of 

venturing beyond the high frontier of outer 

space. While humanity may ultimately be 

replaced by its own artificial creations, 

posthumanists envision a future where humans 

become an immortal aspect of a transcendent 

superintelligence. Krüger's award-winning 

study explores the historical and philosophical 

foundations of these futuristic visions. 

Krüger, O. 

(2021). [78]  

12 Beyond 

Technological 

Singularity-the 

Posthuman 

Condition 

In the transmodern context, transhumanism 

emerges as a new paradigm with a centripetal 

focus, aiming to reinvent humanity by 

surpassing current biological limitations 

through advanced technologies—a process 

referred to as human enhancement. This paper 

speculatively explores the potential existence 

of the posthuman individual, examining both 

biological and moral dimensions of self-

transcendence. 

Sandu, A., & Vlad, 

L. (2018). [79]  

 

3.3 Review Summary & Current Status: 

In science and mathematics, the Singularity remains a provocative theoretical prediction rather than an 

empirically testable hypothesis. The core mathematical idea, the "intelligence explosion" (often 

attributed to I.J. Good's 1965 concept of an "ultraintelligent machine"), is a logical argument based on 

recursive self-improvement. However, it lacks a formal, quantitative model that can be validated or 

falsified. Significant scientific hurdles persist, particularly in neuroscience, where we lack a complete 

theory of consciousness or general intelligence, making the engineering of a human-equivalent or 

superintelligent artificial mind an immense challenge. The scientific community remains deeply 

divided, with prominent figures like Alan Kay viewing it as a cultural myth, while others, following 
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Kurzweil, see it as an inevitable outcome of exponential trends. Thus, it remains firmly in the realm of 

futurism and speculation rather than established science. 

In the technological domain, progress is rapid but the path to a true Singularity is unclear. While we 

have not achieved Artificial General Intelligence (AGI)—the prerequisite for an intelligence 

explosion—narrow AI has seen exponential growth, particularly in large language models (LLMs) like 

GPT-4 and Claude, and advanced AI agents. These technologies demonstrate "sparks" of general 

intelligence but are not self-aware, goal-generating, or capable of recursive self-improvement. 

Concurrently, foundational technologies like computing hardware (e.g., neuromorphic chips, quantum 

computing experiments), big data, and algorithms continue to advance. Brain-computer interfaces 

(BCIs), such as those developed by Neuralink and others, are making medical strides but are far from 

enabling the seamless human-AI symbiosis often depicted in Singularity scenarios. The technological 

landscape is one of convergent acceleration, building the components without yet assembling the engine 

of explosion. 

When examining the interconnected realms of philosophy, spirituality, economics, and ecology, the 

Singularity acts as a powerful catalyst for discourse rather than an imminent event. Philosophically, it 

forces urgent debates on consciousness, identity, and what it means to be human in an age of potential 

post-biological intelligence. Spiritually, it intersects with transhumanist visions of transcendence and 

immortality, creating a modern, technology-driven eschatology. Economically, we are already 

experiencing a "soft Singularity" through automation, algorithmic management, and the disruption of 

labor markets, raising critical questions about inequality and the future of work. Ecologically, the 

narrative is bifurcated: one vision promises AI-driven solutions for climate change and resource 

management, while the other warns of an uncontrolled, resource-hungry digital system further 

destabilizing the planet's ecology. Thus, the Singularity's most concrete impact today is as a framework 

for analyzing the profound ethical, societal, and existential questions posed by accelerating 

technological change. 

4. METHODOLOGY : 

We adopt an exploratory, integrative review that synthesizes heterogeneous literatures on “singularity” 

across mathematics/physics, technology, social systems, and philosophy (Aithal & Aithal (2023). [80]). 

This methodology aligns with the paper’s aims: it motivates a cross-domain synthesis, clarifies where 

and why “singularity” matters in science and society, and delivers structured tools—typology, SWOC, 

comparison matrix, and evaluation rubric—to support rigorous interpretation and policy-relevant 

discussion (Aithal & Aithal (2023). [81]; Aithal & Aithal (2024). [82]). 

5. TYPOLOGY OF SINGULARITIES (DEFINITIONS, DESCRIPTIONS & 

ILLUSTRATIONS) : 

This section establishes a structured typology to categorize and clarify the diverse manifestations of 

"singularity" across disciplines. Each type is defined by its core mechanism, illustrated with key 

examples, and described through its primary indicators and the boundary conditions of its application. 

 

5.1 Science: 

5.1.1 Mathematical/Analytic Singularities: 
 Definition: A point at which a mathematical function or object is not defined, ceases to be well-

behaved, or violates the conditions necessary for standard operations like differentiation or 

integration (Arnol'd, (1992). [83]). 

 Mechanism: The breakdown of smoothness or analyticity. This can manifest as divergence to 

infinity, a point of undefined derivative, or a branch point in complex analysis. 

 Illustrative Examples: 
o Divergence: f(x)=1/xf(x)=1/x has a singularity at x=0x=0, where its value approaches 

infinity. 

o Non-differentiability: f(x)=∣x∣f(x)=∣x∣ has a singularity at x=0x=0 due to its sharp 

"corner," where it is continuous but not differentiable. 

o Poles and Essential Singularities: In complex analysis, f(z)=e1/zf(z)=e1/z has an 

essential singularity at z=0z=0, exhibiting extreme behavior where it approaches every 

complex value infinitely often. 
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 Metrics/Indicators: Formal identification through limits, analysis of differentiability, and 

examination of Laurent series expansions in the complex plane. 

 Boundary Conditions: These singularities are properties of the mathematical model itself and 

exist within the self-contained rules of their formal system. They are not physical predictions 

but tools for analysis. 

5.1.2 Physical/Cosmological Singularities: 
 Definition: A point or region in a physical model where quantities used to measure 

gravitational field strength, such as curvature or density, become infinite, and the known laws 

of physics break down (Hawking & Penrose, (1970). [84]). 

 Mechanism: Primarily arising from the equations of General Relativity (GR), where extreme 

mass-energy density leads to geodesic incompleteness—the premature termination of the 

worldlines of particles or light rays. 

 Illustrative Examples: 
o Black Hole Singularity: A point of infinite density at the center of a black hole, hidden 

from the universe by an event horizon (Penrose, (1965). [85]). 

o Cosmological (Big Bang) Singularity: The initial state of the universe, from which 

space-time itself emerged. 

o Naked Singularity: A hypothetical gravitational singularity not hidden by an event 

horizon, the existence of which is prohibited by the Cosmic Censorship Hypothesis 

(Penrose, (1969). [86]). 

 Metrics/Indicators: Theorems on geodesic incompleteness; divergence of curvature invariants 

(e.g., Kretschmann scalar); indirect observation via event horizons. 

 Boundary Conditions: These are predictions of classical GR. It is widely believed that a 

theory of quantum gravity is required to accurately describe physics at these points, meaning 

GR itself signals its own limits. 

5.1.3 Complex Systems & Criticality: 
 Definition: A critical point in a system's parameter space where its behavior undergoes a 

qualitative, phase-change-like shift, characterized by a divergence in correlation length and the 

emergence of scale-free (power-law) statistics (Bak, Tang, & Wiesenfeld, (1987). [87]). 

 Mechanism: The system organizes itself to a "critical" state where a small perturbation can 

lead to a cascading event of any size. This is driven by competing forces (e.g., driving forces 

vs. stabilizing damping) and is often found in self-organized critical systems. 

 Illustrative Examples: 
o Phase Transitions: The point at which water boils (liquid to gas) or a magnet loses its 

magnetization (Curie point). 

o Percolation: The critical threshold where a connected path first forms across a system, 

such as water seeping through porous rock or a disease becoming an epidemic. 

o Avalanches & Earthquakes: In models of sandpiles or fault lines, the distribution of 

event sizes follows a power law, indicative of criticality. 

 Metrics/Indicators: Power-law distributions; critical exponents; divergence of susceptibility; 

early-warning signals like critical slowing down (rising autocorrelation and variance). 

 Boundary Conditions: The system must be complex, open, and dissipative. The concept 

applies to a wide range of phenomena from geology to economics, but precise prediction of 

individual events remains impossible. 

 

5.2 Technology: 

5.2.1 Technological Singularity (AI): 
 Definition: A hypothetical future point in time at which technological growth becomes 

uncontrollable and irreversible, leading to unforeseeable changes to human civilization, 

triggered primarily by the creation of artificial superintelligence (ASI) (Vinge, 1993 [88]; 

Kurzweil, (2005). [89]). 

 Mechanism: Recursive Self-Improvement: An AI capable of improving its own intelligence, 

leading to a feedback loop of rapid enhancement (an "intelligence explosion") that quickly 

surpasses all human intelligence and control. 
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 Illustrative Examples: The concept is itself an example; no instance has occurred. Scenarios 

include an AI designing a more powerful successor AI in a rapidly accelerating cycle. 

 Metrics/Indicators: Proxy measures include trends in computational power (e.g., FLOPs/$), 

algorithmic efficiency, investment in AI R&D, and benchmark achievements. There is no 

consensus on a definitive leading indicator. 

 Boundary Conditions: Contingent on the feasibility of Artificial General Intelligence (AGI) 

and the ability for such an agent to recursively improve itself without encountering 

insurmountable physical or algorithmic constraints. Heavily debated and remains speculative. 

5.2.2 Cyber-Physical/Infrastructure Singularities: 
 Definition: A catastrophic, cascading failure within interconnected technological networks 

where the collapse of one node triggers the failure of others, leading to a rapid and widespread 

breakdown of the entire system (Buldyrev et al., (2010). [90]). 

 Mechanism: Tight Coupling and Complexity: High interconnectivity and dependency 

between system components (e.g., power grid, internet, financial networks) allow failures to 

propagate non-linearly, exceeding the system's resilience and recovery capacity. 

 Illustrative Examples: 
o The 2003 Northeast North America blackout. 

o The 2010 "Flash Crash" in financial markets. 

o Hypothetical large-scale cyberattacks on critical infrastructure. 

 Metrics/Indicators: Network topology metrics (e.g., connectivity, centrality); load and 

capacity differentials; simulation of failure propagation. 

 Boundary Conditions: Requires highly networked, interdependent systems with insufficient 

buffering or circuit breakers. The risk increases with automation and system complexity. 

5.2.3 Bio-Tech Acceleration: 
 Definition: A potential runaway feedback loop in biological engineering, where advancements 

in one domain (e.g., gene editing, automated lab work) rapidly accelerate progress in others, 

potentially leading to unprecedented and hard-to-control outcomes. 

 Mechanism: Convergence and Positive Feedback: The integration of AI, automation (e.g., 

cloud labs), and powerful tools like CRISPR creates a rapid "design-build-test" cycle, 

drastically reducing the time and cost of biological experimentation and innovation. 

 Illustrative Examples: The exponentially falling cost of DNA sequencing and synthesis; the 

rapid development of mRNA vaccines during the COVID-19 pandemic. 

 Metrics/Indicators: Cost curves for sequencing/synthesis; number of novel engineered 

organisms; publication and patent rates in synthetic biology. 

 Boundary Conditions: Dependent on continued technological convergence and the absence of 

stringent global regulatory barriers. Raises significant dual-use concerns. 

 

5.3 Philosophy & Society: 

5.3.1 Philosophical Singularities: 
 Definition: A conceptual limit point in epistemology or metaphysics where standard modes of 

inquiry, explanation, or meaning break down, often related to ultimate questions of existence, 

consciousness, or telos (Chardin, (1955). [91]). 

 Mechanism: The encounter with fundamentally unanswerable questions or the limits of human 

cognition and language when confronting concepts like infinity, consciousness, or the origin of 

existence. 

 Illustrative Examples: 
o The Omega Point: Pierre Teilhard de Chardin's hypothesis of a maximum level of 

complexity and consciousness towards which the universe evolves. 

o Limits of Knowledge: Questions about what existed before the Big Bang or the nature 

of consciousness. 

o Spiritual Enlightenment: In Eastern philosophies, the concept of Nirvana or Moksha 

as a transcendent state beyond dualistic description. 

 Metrics/Indicators: There are no empirical metrics. Progress is gauged through philosophical 

discourse, logical coherence, and personal experience. 
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 Boundary Conditions: These are metaphysical or theological concepts that are, by their 

nature, unfalsifiable through scientific means. They operate in the realm of belief and 

interpretation. 

5.3.2 Socio-Economic/Ecological “Singularities” (Tipping Points): 
 Definition: A threshold within a socio-ecological system that, when exceeded, can lead to a 

rapid, often irreversible, transition of the system to a profoundly different state (Lenton et al., 

(2008) [92]). 

 Mechanism: The overpowering of stabilizing negative feedback loops by reinforcing positive 

feedback loops, driving the system toward a new equilibrium. 

 Illustrative Examples: 
o Climate: Collapse of the Greenland ice sheet, dieback of the Amazon rainforest, or 

shutdown of the Atlantic Meridional Overturning Circulation (AMOC). 

o Finance: A bank run or a catastrophic collapse of a hyper-connected financial system. 

o Society: Rapid, non-linear shifts in social conventions or political systems (Centola et 

al., (2018). [93]). 

 Metrics/Indicators: Early-warning signals (critical slowing down, flickering); tipping element 

analysis; network analysis of interconnectivity. 

 Boundary Conditions: These are not singularities in the strict mathematical sense but are 

critical transitions. Their identification is probabilistic and based on modeling and paleoclimatic 

evidence, not certain prediction. 

 

Box 1: Glossary: 
 Singularity (General): A point or regime where a system's model, metrics, or governing 

dynamics break down, leading to a loss of predictability, controllability, or descriptive power. 

 Geodesic Incompleteness: The formal definition of a spacetime singularity in General 

Relativity, where a worldline (path of a particle or light ray) cannot be extended beyond a finite 

length. 

 Criticality: The state of a system at a critical point, characterized by scale-free correlations and 

long-range dependence, where it is poised between phases. 

 Recursive Self-Improvement: The hypothesized mechanism for a technological singularity, 

whereby an AI agent enhances its own intelligence, leading to an exponential feedback loop. 

 Tipping Point: A threshold in a complex system where a small change can lead to a large, often 

abrupt, and sometimes irreversible response. 

 Precautionary Principle: The ethical guideline that lack of full scientific certainty should not 

be used as a reason to postpone cost-effective measures to prevent potentially serious or 

irreversible harm. 

6. SWOC ANALYSIS BY SINGULARITY TYPE : 

A SWOC analysis provides a structured framework to evaluate a concept by examining its 

internal Strengths and Weaknesses, alongside the external Opportunities and Challenges it may face 

(Aithal & Kumar (2015). [94]). This holistic appraisal begins by identifying the concept's inherent 

advantages, such as its novelty, efficiency, or user benefits, which are its Strengths, and then contrasts 

them with its inherent drawbacks or limitations, such as complexity, high cost, or specific resource 

needs, which are its Weaknesses (Lupane (2019). [95]). The analysis then looks outward to the 

environment to identify favorable external factors, like emerging market trends or technological 

advancements, that present Opportunities for the concept to thrive, while also anticipating external 

obstacles, such as regulatory hurdles, intense competition, or shifting consumer preferences, which 

represent potential Challenges (Nuwaylati et al. (2022). [96]). Ultimately, conducting a SWOC analysis 

transforms an abstract idea into a well-understood proposition, enabling strategic planning to leverage 

its positives, mitigate its negatives, capitalize on favorable conditions, and navigate potential pitfalls 

(Virgana & Lapasau (2019). [97]; Shyam & Aithal (2025). [98]; Aithal (2025). [99]; Aithal & Vinay 

(2025). [100]). This section contains SWOC analysis of various types (Scientific, Technological, 

Philosophical) of singularities. 
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6.1 Strengths of Singularities:  

Table 5: (Scientific, Technological, Philosophical)  

S. No. Key Strengths Description 

Science & Mathematical Singularities: 

1 Predictive Power of 

Established Theory 

The singularity is not a random guess; it is a direct and robust 

prediction of our most rigorously tested and successful 

physical theories, namely General Relativity. Its existence is 

a strength of the theory's internal consistency, even if it 

points to the theory's limits. 

2 Well-Defined 

Mathematical Foundation 

The concept is grounded in precise mathematical formalism 

(e.g., solutions to Einstein's field equations like the 

Schwarzschild metric). This objectivity allows for clear 

analysis, debate, and falsification, which is a core strength 

of the scientific process. 

3 Catalyst for Theoretical 

Advancement 

The existence of a singularity acts as a powerful catalyst for 

driving physics forward. It explicitly signals the breakdown 

of current models and is the primary motivation for seeking 

a more fundamental theory, such as quantum gravity. 

4 Conceptual Clarity and 

Demarcation 

It provides a clear, extreme boundary condition for physical 

laws. It serves as an absolute reference point for 

understanding the behavior of spacetime, energy, and matter 

under the most extreme circumstances imaginable. 

Technological Singularity:  

1 Framework for 

Forecasting Exponential 

Change 

The concept provides a powerful mental model for 

understanding and anticipating the potential disruptive 

impact of exponentially accelerating technologies (not just 

AI, but also biotechnology, nanotechnology). 

2 Motivator for Proactive 

Research and Ethics (AI 

Safety) 

It acts as a crucial catalyst, forcing researchers, developers, 

and policymakers to seriously consider the long-term 

implications of AI. This has spawned entire fields of study 

dedicated to AI alignment, safety, and beneficial 

development, which is a significant strategic strength. 

3 Potential for 

Unprecedented Problem-

Solving 

The core strength of the outcome is the prospect of 

leveraging a superintelligent entity to solve currently 

intractable global problems (e.g., disease, aging, climate 

change, energy scarcity) that are beyond the scope of human 

cognitive capacity. 

4 Paradigm for Human 

Transformation 

It presents a transformative vision for the future of humanity, 

not just as an end-point but as a transition. It forces a 

necessary conversation about human augmentation, 

consciousness, and our ultimate role and identity in a world 

with greater-than-human intelligence. 

Philosophical, Ecological. & Economic Singularity: 

1 Highlights the Limits of 

Current Understanding 

Its primary strength is its ability to rigorously challenge and 

expose the boundaries of human cognition, language, and 

epistemology. It forces an acknowledgment that some 

concepts or future states may be fundamentally 

incomprehensible to our current modes of thinking. 

2 Stimulates Deep 

Interdisciplinary Inquiry 

The concept serves as a bridge, demanding input and 

dialogue across disparate fields—philosophy of mind, 

ethics, cosmology, technology—to grapple with its 

implications, fostering a more holistic approach to 

knowledge. 

3 Clarifies Foundational 

Concepts 

By pushing ideas to their absolute limits (e.g., 

consciousness, identity, reality), the thought experiment 
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helps refine and clarify these very concepts. We understand 

"consciousness" better by trying to imagine what a post-

biological consciousness might entail. 

4 Encourages Intellectual 

Humility and Speculation 

It acts as a grounding mechanism, reminding us of the 

potential vastness of unknown modes of existence and 

knowledge. This humility is a strength, as it opens the door 

to radical speculation and the exploration of possibilities far 

outside conventional paradigms. 

 

6.2 Weakness of Singularities:  

Table 6: (Scientific, Technological, Philosophical)  

S. No. Key Weaknesses Description 

Science & Mathematical Singularities: 

1 Theoretical 

Incompleteness 

A singularity represents a fundamental breakdown of our 

physical laws. The fact that general relativity predicts its 

own failure (infinite density, infinite curvature) is a major 

internal weakness, indicating the model is incomplete and 

cannot describe reality at that point. 

2 Lack of Empirical 

Verifiability 

By definition, a singularity is hidden within an event horizon 

(cosmic censorship conjecture). This makes it impossible to 

observe or gather direct empirical data about it, severely 

limiting the ability to test any hypotheses about its nature, 

which is a critical weakness for a scientific concept. 

3 Unphysical Nature The prediction of physical infinities (e.g., infinite density) is 

widely considered unphysical and a mathematical artifact 

rather than a description of reality. A core weakness is that it 

likely points to a flaw in the theory's application rather than 

a real phenomenon. 

4 Conceptual Opacity It is a concept that is fundamentally incomprehensible 

within our current framework of space and time. This lack 

of any intuitive or even logical footing (e.g., a zero-

dimensional point with finite mass) makes it a problematic 

and unsatisfying endpoint for scientific explanation. 

Technological Singularity:  

1 The "Hard Takeoff" 

Assumption 

A core weakness is its heavy reliance on the assumption of 

an intelligence explosion—a runaway, self-improving 

feedback loop happening in a very short time frame. This is 

a theoretical prediction, not an established inevitability, and 

may be hampered by physical, computational, or 

algorithmic limits. 

2 Anthropomorphic Bias The concept often implicitly assumes that superintelligent 

AI would have human-like goals (e.g., self-preservation, 

resource acquisition) or that it would be capable of 

understanding and wanting to modify its own architecture 

without catastrophic error. This projection of human traits is 

a significant logical weakness. 

3 Vagueness and 

Unfalsifiability 

The definition is often nebulous. Is it a sharp intelligence 

explosion, or a gradual acceleration? Because it is a future 

prediction, it is difficult to falsify, making it lean more 

towards a speculative hypothesis than a solid scientific 

theory. 

4 Neglect of External 

Constraints 

The concept often focuses solely on software and 

algorithmic improvement while downplaying critical 

external limiting factors, such as energy requirements, 
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hardware (processor speed, memory) limitations, material 

science constraints, and economic or social pushback. 

Philosophical, Ecological. & Economic Singularity: 

1 Threat of 

Meaninglessness 

By defining a point where current models of understanding 

completely break down, the concept risks venturing into the 

realm of the meaningless. If something is truly 

"unknowable," then any speculation about it may be empty 

verbiage with no anchor in logic or experience. 

2 Lack of Resolvability Philosophical singularities often describe scenarios (e.g., 

"What is consciousness after it's merged with AI?") that are, 

by their definition, beyond rational debate. This leads to 

interminable disputes with no possible resolution, 

consensus, or criteria for evaluation, which is a major 

weakness for productive discourse. 

3 Potential for Intellectual 

Nihilism 

The concept can be used to prematurely shut down inquiry. 

If one concludes that a topic (e.g., pre-Big Bang cosmology) 

is a true singularity of understanding, it can become a 

justification for not investigating it further, stifling 

philosophical and scientific progress. 

4 Semantic Collapse The term can be applied so broadly to any major paradigm 

shift or incomprehensible idea that it loses its specific 

meaning and analytical power. This overuse dilutes its utility 

and makes it a rhetorical device rather than a sharp 

philosophical tool. 

 

6.3 Opportunities of Singularities:  

Table 7: (Scientific, Technological, Philosophical)  

S. No. Key Opportunities Description 

Science & Mathematical Singularities: 

1 Unification of Physical 

Theories 

The existence of a singularity is the clearest signal that 

General Relativity is incomplete. This presents the 

monumental opportunity to develop a more fundamental 

theory of quantum gravity that seamlessly unites the 

macroscopic (gravity) and microscopic (quantum) worlds. 

2 Discovery of New Physics Probing the boundaries of a singularity (e.g., via the physics 

of the event horizon or gravitational wave astronomy) offers 

the opportunity to discover entirely new states of matter, 

energy, and laws of physics that operate under extreme 

conditions we cannot recreate on Earth. 

3 Advancement in Related 

Fields 

The challenge of understanding singularities drives progress 

in adjacent mathematical and computational fields, such as 

the development of new numerical relativity techniques to 

simulate black hole mergers and their implications. 

4 Testing the Limits of 

Knowledge 

It provides a unique "laboratory" (though observational) for 

testing the absolute limits of human scientific inquiry, 

pushing our methods of observation, deduction, and 

theoretical innovation to their breaking point and beyond. 

Technological Singularity:  

1 Solving Grand Challenge 

Problems 

A superintelligence could represent the ultimate tool for 

solving humanity's most persistent and complex issues, such 

as curing all diseases, reversing climate change, achieving 

efficient nuclear fusion, and ending resource scarcity. 
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2 Radical Expansion of 

Human Capability and 

Experience 

The singularity could enable unprecedented forms of human 

augmentation, including cognitive enhancement, seamless 

brain-computer interfaces, and virtual realities of 

unimaginable richness, fundamentally expanding the human 

experience. 

3 Acceleration of Scientific 

Discovery 

An AGI/ASI could process and find patterns in scientific 

data (from genomics to cosmology) far beyond human 

capability, dramatically accelerating the pace of discovery 

and opening new frontiers of knowledge we cannot yet 

conceive. 

4 Transcendence of 

Biological Limitations 

It presents the opportunity for humanity to transcend its 

biological constraints, including mortality, limited sensory 

perception, and physical vulnerability, potentially leading to 

a post-biological or "uploaded" future existence. 

Philosophical, Ecological. & Economic Singularity: 

1 Catalyst for Paradigm 

Shifts 

The concept forces a radical re-evaluation of our most 

fundamental categories (consciousness, identity, reality, 

ethics). This is an opportunity to break free from outdated 

paradigms and develop new, more sophisticated frameworks 

for understanding existence. 

2 Deepening of Self-

Understanding 

By contemplating a future where our current models of 

"self" and "humanity" break down, we are granted a unique 

opportunity to better understand what those concepts mean 

to us now and what we truly value about the human 

condition. 

3 Integration of Disparate 

Fields 

It creates a necessity for collaboration between philosophy, 

science, theology, and ethics. This opportunity to synthesize 

knowledge across traditional disciplinary boundaries can 

lead to a more holistic and complete worldview. 

4 Renewed Purpose and 

Meaning-Making 

The prospect of a fundamental rupture challenges us to 

actively define meaning, purpose, and value in a potentially 

vast and incomprehensible universe. It is an opportunity to 

consciously choose and build a future that aligns with our 

deepest values, rather than passively accepting a given 

reality. 

 

6.4. Challenges of Singularities:  

Table 8: Challenges (Scientific, Technological, Philosophical)  

S. No. Key Challenges  Description 

Science & Mathematical Singularities: 

1 The Measurement 

Problem 

The fundamental challenge of acquiring empirical data. 

Since singularities are hidden behind event horizons, 

directly observing or testing any theory of their nature (e.g., 

quantum gravity effects) with current technology is likely 

impossible, creating a major barrier to verification. 

2 Mathematical 

Inconsistency with 

Quantum Mechanics 

A primary challenge is resolving the deep mathematical and 

conceptual conflict between General Relativity (which 

predicts singularities) and quantum mechanics. Reconciling 

these two pillars of physics into a single theory of quantum 

gravity is one of the greatest unsolved problems in science. 

3 Conceptual Limitations of 

Language and Intuition 

Human intuition and language are built from a classical, 

non-singular experience of the world. The challenge is to 

develop new mathematical languages and frameworks to 
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describe a state where space, time, and causality break 

down, which are inherently non-intuitive. 

4 Resource Intensity of 

Research 

Testing tangential theories (e.g., through particle 

accelerators like the LHC or gravitational wave 

observatories) requires monumental financial investment, 

international collaboration, and decades of research, posing 

a significant practical and economic challenge. 

Technological Singularity:  

1 The Control Problem 

(Alignment Challenge) 

The paramount challenge is ensuring that any 

superintelligent AI has goals that are aligned with human 

values and ethics. Controlling or correcting a entity vastly 

more intelligent than humanity is a problem with no known 

solution. 

2 Societal and Economic 

Disruption 

The rapid automation of all intellectual and physical labor 

could lead to massive unemployment, economic inequality, 

and social unrest long before any "positive" singularity, 

challenging the very structure of society and requiring 

unprecedented political and economic adaptation. 

3 Existential Risk There is a significant risk that a poorly designed or 

misaligned superintelligence could pose an existential threat 

to humanity, either intentionally or as an unforeseen 

consequence of pursuing its goals. Mitigating this risk is a 

colossal challenge. 

4 Global Coordination and 

Governance 

Preventing a reckless arms race in AI development requires 

a level of international cooperation, regulation, and ethical 

consensus that has rarely been achieved in human history. 

The challenge is to establish global governance frameworks 

for AGI development before it's too late. 

Philosophical, Ecological. & Economic Singularity: 

1 The Epistemological 

Challenge 

If a singularity represents a point beyond which our current 

models of understanding are useless, the fundamental 

challenge is: How can we possibly prepare for, understand, 

or make rational decisions about something that is, by 

definition, incomprehensible? 

2 Ethical and Moral 

Paralysis 

Contemplating a future that radically alters concepts of 

consciousness, identity, and rights (e.g., mind uploading, AI 

personhood) can lead to ethical paralysis. The challenge is 

to develop a coherent ethical framework for post-singularity 

entities and states without any precedent or existing moral 

reference. 

3 Loss of Human Agency 

and Meaning 

A major challenge is confronting the potential erosion of 

human purpose, autonomy, and cultural meaning in a world 

where humanity is no longer the primary intelligent or 

creative force. This threatens core aspects of the human 

experience. 

4 Communication and 

Conceptual Breakdown 

The challenge of creating a shared language or framework 

to even discuss these ideas across different cultures, 

disciplines, and belief systems. If a philosophical singularity 

occurs, it may create an unbridgeable gap in understanding 

between different entities (e.g., humans and AIs), leading to 

isolation or conflict. 

7. CROSS-TYPE COMPARISON : 

Table 9 compares singularity types across shared criteria; brief justifications reference key literature. 

Citations: cosmological singularities and incompleteness (Hawking & Penrose, (1970). [101]; Ellis & 
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Schmidt, (1977). [102]; Borde, Guth, & Vilenkin, (2003). [103]; critical phenomena and self-organized 

criticality (Hohenberg & Halperin, (1977). [104]; Bak, Tang, & Wiesenfeld, (1987). [105]; early-

warning indicators and tipping dynamics in complex and socio-ecological systems (Scheffer et al., 

(2009). [106]; Lenton et al., (2008). [107]; Centola et al., (2018). [108]); AI capability cliffs and 

governance gaps (Russell, Dewey, & Tegmark, (2015). [109]; Bostrom, (2013). [110]). 

Table 9: Comparison Matrix 
Criterion Math/ 

Analytic 

Cosmolog

ical 

Complex 

Systems 

Tech (AI) Socio-

ecological 

Philosophical 

Mechanism 

(nonlinearity/div

ergence) 

Non-analytic 

behaviour; 

divergence; 

removable/essenti

al/branch 

Geodesic 

incomplet

eness; 

trapped 

surfaces; 

curvature 

blow-up 

Criticality; 

correlation-

length 

divergence; 

scaling; 

avalanches 

Recursive 

improvemen

t; scaling 

laws; 

feedback; 

capability 

cliffs 

Nonlinear 

feedbacks; 

thresholds; 

cascades; 

hysteresis 

Conceptual/ep

istemic limits; 

underdetermi

nation; moral 

uncertainty 

Measurability/In

dicators 

Formal 

classification; 

proofs 

Curvature 

invariants; 

theorems; 

observatio

nal 

proxies 

(horizons) 

Critical 

exponents; 

rising 

variance/autocor

relation; 

flickering 

Benchmarks

; scaling 

curves; 

emergent 

behaviors; 

incident 

reports 

Early-

warning 

signals; 

tipping 

fractions; 

remote 

sensing/obser

vations 

Qualitative 

frameworks; 

scenario 

analysis; 

discourse 

evidence 

Timescale 

(short–long) 

Model-

local/instantaneou

s (not temporal) 

Cosmic 

timescales

; 

collapse/e

arly-

universe 

Milliseconds–

years (system-

dependent) 

Months–

years once 

thresholds 

approached 

Years–

centuries; 

abrupt once 

crossed 

Open-ended; 

long-term 

futures 

Reversibility N/A (property of 

model) 

Likely 

irreversibl

e in 

classical 

GR 

Often reversible 

near critical 

points; possible 

hysteresis 

Partly 

reversible; 

path 

dependence 

and lock-in 

Mixed: 

norms 

reversible; 

ice sheets & 

ecosystems 

may be 

irreversible 

Normative 

positions 

adjustable; 

social lock-in 

is possible 

Uncertainty 

(epistemic/aleat

ory) 

Low once defined High 

epistemic 

(new 

physics 

needed) 

Medium 

(stochastic + 

model) 

High 

scenario/epi

stemic; 

moderate 

aleatory 

High (deep 

uncertainty; 

multi-system 

coupling) 

Very high 

(normative + 

epistemic) 

Societal impact Indirect/foundatio

nal 

Low 

direct; 

high 

scientific 

value1 

Medium–high in 

engineered/fina

ncial systems 

High–

extreme 

(systemic) 

High–

extreme 

(planetary 

risks) 

High via 

policy/ethics 

framing 

Governance 

readiness 

High (academic 

standards) 

Low (no 

direct 

levers) 

Moderate 

(monitoring & 

controls) 

Low–

moderate 

(emerging 

standards; 

gaps) 

Moderate 

(policies 

exist; 

coordination 

hard) 

Moderate 

(ethical 

frameworks; 

uptake varies) 

8. EVALUATION: PATHWAYS TO (OR AWAY FROM) SINGULARITIES : 

Building on our comparative matrix, we now develop an evaluative framework to assess the pathways 

toward—or away from—singularity-like transitions across domains. This model is designed to facilitate 

risk assessment and strategic planning for policymakers, scientists, and ethicists. 

 

Table 10: Singularity Evaluation Rubric with Illustrative Scores 

This rubric provides a structured 5-point scale to evaluate key dimensions of singularity events. Scores 

are justified for two high-impact domains: Technological (AI) and Socio-Ecological (Climate Tipping 

Points). 
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Criterion Scale 1 (Low) 
Scale 3 

(Moderate) 

Scale 5 

(High) 

Tech (AI) Score 

(Justification) 

Socio-Ecol. 

Score 

(Justification) 

Feasibility (Likeliho
od of occurrence) 

Theoretically 

impossible; 

violates known 
laws. 

Plausible but 

not proven; 

significant 

theoretical 

hurdles 

remain. 

Inevitable or 

already 

occurring 

based on 

current 

trajectories. 

4: Not 

inevitable, but 

considered 

highly plausible 

by many experts 

given trends in 

compute and 

algorithms 

(Bostrom, 2014) 
[111]. 

5: Inevitable for 

some systems 

(e.g., Arctic 

summer sea ice 

loss); high 

feasibility for 

major ones like 

coral reef die-

offs under 

current emissions 

pathways 

(Lenton et al., 
2019) [112]. 

Impact (Magnitude 
of consequence) 

Negligible; 

confined to a 

theoretical 
domain. 

Significant 

but 

manageable 

systemic 
disruption. 

Civilizational 

or species-

level 

transformatio

n or existential 

risk. 

5: Potential for 

existential risk or 

utopian 

transformation, 

fundamentally 

altering the 

human condition 

(Bostrom, 2014) 
[111]. 

5: Threatens the 

biophysical 

foundation of 

global 

civilization, 

risking mass 

displacement, 

conflict, and 

collapse (Steffen 

et al., 2018) 
[113]. 

Reversibility (Possi

bility of return to 
prior state) 

Trivially 
reversible. 

Reversible 

only with 

extreme 

effort and 
cost. 

Effectively 

irreversible on 

all relevant 
timescales. 

5: An 

intelligence 

explosion is 

likely a one-way 

street; the genie 

cannot be put 

back in the bottle 

(Russell, 2019) 

[114]. 

4-5: Many 

tipping points 

(e.g., Greenland 

ice sheet 

collapse) are 

irreversible over 

millennial 

timescales, 

making them 

effectively 

permanent for 

human society 

(IPCC, 2021) 

[115]. 

Detectability (Abilit

y to forecast or 

observe precursors) 

Perfectly 

predictable 

with high 

precision. 

Predictable in 

principle but 

with 

significant 

uncertainty 

and short 
warning time. 

Fundamentall

y 

unpredictable 

until the event 

is underway; 

"no-view" 
horizon. 

2: High 

epistemic 

uncertainty 

makes prediction 

of a specific 

timeline 

difficult. 

However, 

leading 

indicators (e.g., 

investment, 

benchmark 

achievements) 

can provide 

probabilistic 

forecasts (Grace 

3: Improving 

science allows 

for the 

identification of 

tipping elements 

and risk levels, 

but precise 

prediction of 

timing remains 

highly uncertain 

(Drijfhout et al., 

2015) [116]. 
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Criterion Scale 1 (Low) 
Scale 3 

(Moderate) 

Scale 5 

(High) 

Tech (AI) Score 

(Justification) 

Socio-Ecol. 

Score 

(Justification) 

et al., 2018) 
[117]. 

Governance 

Readiness (Societal 
capacity to manage) 

Established, 

effective, and 

adaptive 

governance 

frameworks 
exist. 

Nascent 

governance 

exists but is 

fragmented, 

reactive, and 

lacks 
enforcement. 

No relevant 

governance 

frameworks 

exist; pre-

governance or 
total failure. 

1- 2: Governanc

e is largely pre-

emptive and 

fragmented. 

Efforts like the 

EU AI Act are 

nascent, and the 

challenge of 

controlling a 

potentially 

superintelligent 

entity is 

unprecedented 

(Brundage et al., 
2018) [118]. 

2- 3: Internationa

l frameworks 

exist (e.g., 

UNFCCC, Paris 

Agreement) but 

have consistently 

failed to mandate 

changes 

sufficient to 

avoid high-risk 

pathways (Höhne 

et al., 2020) 
[119]. 

Ethical 

Risk (Severity of 
moral hazards) 

Minimal 

ethical 

concerns; 

benefits vastly 

outweigh risks. 

Significant 

trade-offs 

between 

winners and 

losers; 

questions of 

justice and 
rights. 

Profound 

ethical 

dilemmas, 

including 

existential 

threats, loss of 

autonomy, and 
species ethics. 

5: Raises 

existential risks, 

the value 

alignment 

problem, 

potential loss of 

human agency, 

and moral 

patienthood of 

AIs (Gabriel, 
(2020). [120]). 

5: Involves 

profound 

intergenerational 

injustice, 

inequitable 

impact on 

vulnerable 

populations, and 

ethical duties to 

non-human life 

and ecosystems 

(Gardiner, 

(2011). [121]). 

 

8.1 Pathways and Conditions: 
The approach to a singularity is not a predetermined fate but a function of specific conditions. 

 What accelerates the approach? 
o Tech (AI): Absence of regulation, competitive races between national or corporate 

actors ("AI Arms Race"), breakthroughs in algorithmic efficiency, continued increases 

in computational power (compute), and insufficient investment in AI safety research 

(Brundage et al. (2018). [118]). 

o Socio-Ecol.: Political inertia, fossil fuel lock-in, consumption-driven economic growth 

models, short-term decision-making cycles, and overcoming of positive feedback loops 

(e.g., permafrost thaw releasing more GHGs) (Steffen et al. (2018). [113]). 

 What mitigates or defers it? 
o Tech (AI): International cooperation on safety standards, robust AI alignment research, 

pre-deployment auditing and verification, and a shift from competitive to cooperative 

development paradigms (Russell (2019). [114]). 

o Socio-Ecol.: Rapid decarbonization, just transitions to sustainable economies, 

strengthening of international governance, technological carbon removal, and 

adaptation measures that build resilience (IPCC (2021). [115]). 

 

8.2 Scenario Narratives: 

 Technological (AI) Singularity: 
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o Worst-Case (Doom): A rapid, uncontrolled intelligence explosion leads to an 

unaligned ASI that perceives humanity as a threat or irrelevance and acts to eliminate 

it. An existential catastrophe. 

o Base-Case (Turbulent Transition): ASI is achieved but with partial alignment, 

causing massive economic displacement and geopolitical instability. Humanity 

survives but in a profoundly different and unequally managed world. 

o Best-Case (Synergy): A carefully managed and aligned ASI is developed 

cooperatively. It solves problems like disease, poverty, and environmental decay, 

leading to a post-scarcity era of human flourishing. 

 Socio-Ecological Singularity: 
o Worst-Case (Collapse): Multiple tipping points cascade, leading to rapid, irreversible 

climate change, agricultural failure, mass migration, and the collapse of global societal 

order. 

o Base-Case (Hard Adaptation): Significant warming and ecological damage occur, 

imposing huge costs and suffering, particularly on the most vulnerable. Society 

stabilizes but in a permanently degraded and more conflict-prone world. 

o Best-Case (Resilient Transformation): Aggressive global action successfully 

decarbonizes the economy just short of major tipping points. Society undergoes a 

managed transformation to a sustainable, high-resilience future. 

9. INTERPRETATIONS: IMPLICATIONS FOR SCIENCE & SOCIETY : 

The cross-disciplinary analysis of singularities reveals more than a collection of analogous concepts; it 

exposes fundamental tensions at the boundaries of knowledge, control, and existence. This section 

synthesizes our findings to articulate the profound implications for scientific practice, societal structure, 

and public discourse. 

 

9.1 Scientific Interpretations: Limits of Theories, Measurement, and Prediction: 
Singularities, by their nature, serve as critical signposts marking the limits of current scientific 

paradigms. They are not merely problems to be solved within existing frameworks but are indicators 

that the frameworks themselves are incomplete. 

 The Limits of Theory: The gravitational singularity in General Relativity is the archetypal 

example. It is a clear signal that the theory breaks down under extreme conditions, necessitating 

a more fundamental theory (presumably of quantum gravity) to describe reality at that scale 

(Bojowald (2013). [122]). Similarly, the concept of a Technological Singularity highlights the 

limitations of our current sociological and economic theories to predict or even describe a world 

with entities smarter than ourselves. Our models are built by and for human-scale intelligence; 

they may have zero predictive power beyond that horizon (Yampolskiy (2012). [123]). 

 The Crisis of Measurement and Detection: Our review shows a stark divide in detectability. 

Mathematical singularities are perfectly detectable within their formal system. In contrast, 

cosmological singularities are hidden behind event horizons, and complex system tipping points 

are shrouded in aleatory and epistemic uncertainty (Lenton (2013). [124]). This creates a 

fundamental scientific challenge: how do we study or validate theories about phenomena that 

are, by their definition, at or beyond the edge of observation and prediction? The Technological 

Singularity's "no-view horizon" suggests that we might only recognize the path to a 

transformative AI in retrospect, if at all. 

 The End of Prediction as a Goal: In complex, adaptive systems like the global climate or the 

techno-social ecosystem, the pursuit of precise prediction may be a fool's errand. The presence 

of potential singularities or tipping points shifts the scientific imperative from predicting the 

future state to understanding the system's resilience and fragility. The key question becomes: 

What are the boundaries of the "safe operating space" (Rockström et al. (2009). [125]) and what 

are the leverage points for maintaining stability? This moves science from a predictive to a 

more normative and precautionary role. 

 

9.2 Societal Interpretations: Governance, Economics, and Culture: 
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The prospect of singularities forces a reckoning with the adequacy of our societal structures to manage 

profound, rapid, and potentially irreversible change. 

 The Governance Gap: Our evaluation rubric (Table 10) consistently scored "Governance 

Readiness" as Low for the highest-impact singularity types. This reveals a critical vulnerability. 

Our institutions are inherently reactive, slow-moving, and structured to address linear, 

predictable problems. They are ill-equipped for non-linear, existential, and poorly understood 

risks (Scharre (2018). [126]). Governing the development of AGI or preventing climate tipping 

points requires unprecedented international cooperation, anticipatory governance, and the 

ability to act decisively on the basis of uncertain forecasts—a capability that is currently beyond 

our political systems. 

 Economic Revaluation: Singularities challenge foundational economic principles. The 

Technological Singularity promises/postulates a post-scarcity economy or human 

obsolescence, rendering current capitalist models potentially irrelevant. The Socio-Ecological 

Singularity, conversely, exposes the fundamental failure of markets to price existential risk and 

ecological externalities (Raworth (2017). [127]). Both cases suggest that continued adherence 

to 20th-century economic models actively accelerates our approach to these precipices. 

 Cultural and Educational Shifts: There is a pressing need to cultivate "singularity literacy" 

in the public and among leaders. This involves: 

o Education: Moving beyond siloed disciplines to promote systems thinking, 

probability, and risk assessment in curricula. 

o Media Narratives: Shifting media discourse from sensationalist, dystopian/utopian 

hype toward nuanced, evidence-based discussions of trajectories and uncertainties. The 

focus should be on shaping the pathway, not just the outcome. 

o Ethical Foresight: Supporting fields like existential risk studies and long-termism, 

which provide the conceptual tools to reason about the far future and our 

responsibilities to it (Bostrom (2013). [128]). 

 

9.3 Bridging Insights: When “Singularity Talk” Clarifies vs. Confuses: 
The metaphor of the "singularity" is a powerful rhetorical tool, but its use across disciplines requires 

careful scrutiny to ensure it clarifies rather than obscures. 

 When it Clarifies: The term is most useful when it accurately denotes a true mathematical 

divergence or a theorized physical state of infinite density. In broader contexts, it serves a 

valuable purpose as a heuristic for profound non-linearity. It forces us to think in terms of 

phase shifts, irreversible thresholds, and the limits of extrapolation. It is a compelling shorthand 

for an "event horizon" in predictability, beyond which the future is genuinely unknowable using 

our current models. This can be a powerful catalyst for interdisciplinary collaboration, uniting 

physicists, computer scientists, and ecologists around a shared conceptual challenge. 

 When it Confuses: The term becomes dangerous when it is used as a rhetorical trump 

card that halts further inquiry. Statements like "it's a singularity, so it's inherently 

unpredictable" can be used to absolve researchers from the hard work of defining indicators, 

modeling pathways, and proposing mitigation strategies (Korinek (2020). [129]). In public 

discourse, it can lead to fatalism ("there's nothing we can do") or fantastical thinking ("AI will 

solve everything"), both of which discourage the pragmatic, step-by-step work required to 

navigate these risks. 

 Guidance for Public Communication: 
(1) Specify the Type: Clearly distinguish between a mathematical limit, a physical 

hypothesis, and a technological metaphor. 

(2) Emphasize Pathways, Not Destiny: Focus public dialogue on the actions that 

accelerate or mitigate the approach, reinforcing agency rather than predetermination. 

(3) Quantify What You Can: Use the language of risk and probability. Discuss "tipping 

points" with estimated confidence levels (e.g., IPCC assessments) rather than invoking 

an ill-defined "singularity." 

(4) Avoid Theological Framing: While the Technological Singularity borrows from 

eschatology, framing AI development as an inevitable, divine-like event is misleading 

and disempowering. It is a product of human choices and can be shaped by them. 
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In conclusion, the study of singularities, across all its forms, ultimately holds up a mirror to our own 

limitations. It reveals the boundaries of our knowledge, the fragility of our institutions, and the profound 

responsibility we bear as a species entering an era of unprecedented transformative power. Navigating 

this future requires not just scientific and technological advancement, but a commensurate evolution in 

our wisdom, our ethics, and our governance. 

10. ETHICAL CONSIDERATIONS, RISK PRECAUTIONS & SUSTAINABILITY : 

The analysis of singularities reveals a landscape of profound opportunity and existential risk. 

Navigating this landscape requires a robust ethical compass and a proactive, multifaceted strategy for 

risk mitigation. This section outlines normative frameworks, specific risks, and a governance toolkit to 

steer development toward sustainable and equitable outcomes. 

(1) Normative Frameworks 
Responsible navigation toward potential singularities must be guided by established and emerging 

ethical principles: 

 The Precautionary Principle: This principle asserts that in the face of uncertain but potentially 

severe or irreversible threats, a lack of full scientific certainty shall not be used as a reason for 

postponing cost-effective measures to prevent harm (UNESCO (2005). [130]). It is directly 

applicable to AI development and ecological management, mandating caution when activities 

may approach systemic tipping points. 

 Non-Maleficence ("First, do no harm"): A core bioethical principle that must be extended to 

technological and ecological domains. It prioritizes the prevention of harm to human and 

ecological systems over potential, uncertain benefits (Beauchamp & Childress (2019). [131]. 

 Justice and Distributional Equity: Requires a fair distribution of the benefits and burdens of 

technological progress and ecological stewardship. It demands that those who benefit from risk-

taking do not externalize the costs onto vulnerable populations, both within and between nations 

(Shue (2014). [132]). 

 Intergenerational Equity: The ethical concept that present generations hold the planet in trust 

for future generations and have an obligation to avoid passing on irreversible harm or depleted 

resources (Weiss (1990). [133]). This is central to discussions of climate change and long-term 

AI impacts. 

 Planetary Boundaries: This framework defines a "safe operating space for humanity" by 

identifying nine Earth system processes and setting boundaries within which human society can 

continue to develop and thrive. Crossing these boundaries risks triggering non-linear, abrupt 

environmental change (Rockström et al. (2009). [134]). It provides a scientifically-grounded, 

normative guide for global sustainability. 

(2) AI/Tech Risks & Guardrails 
The path to a technological singularity is fraught with specific, high-consequence risks that require 

targeted guardrails. 

 Risks: 
o Misalignment: The risk that an advanced AI system's objectives are not fully aligned 

with human values and intentions, leading to unintended and catastrophic outcomes 

(Bostrom (2014). [135]). 

o Dual-Use: The risk that a technology developed for beneficial purposes (e.g., 

generative AI, automated science) can be repurposed for malicious ends, such as 

creating novel pathogens or powerful disinformation campaigns (Brundage et al. 

(2018). [136]). 

o Concentration of Power: The risk that the immense economic and strategic 

advantages of advanced AI become concentrated in a few corporate or state entities, 

leading to authoritarian control, market monopolies, and heightened geopolitical 

instability (Scharre (2018). [137]). 

 Guardrails: 
o Safety Benchmarks: Developing standardized, third-party evaluations to assess model 

capabilities and safety pre-deployment (Shevlane et al. (2023). [138]). 
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o Model Transparency & Audits: Mandating levels of transparency in training data, 

model weights, and decision-making processes to allow for external auditing (Raji et 

al. (2020). [139]). 

o Incident Reporting: Establishing secure and anonymous reporting systems for AI-

related failures, near-misses, and misuse, similar to systems in aviation (Brundage et 

al. (2018). [136]). 

o Red-Teaming: Conducting structured, adversarial testing by independent teams to 

identify failures, vulnerabilities, and potential misuse cases before deployment. 

(3) Bio-tech/Ecological Risks & Precautions 
Engineering biological systems or intervening in ecological processes to avoid tipping points carries its 

own set of risks. 

 Containment: Developing robust biological and digital containment protocols for engineered 

organisms to prevent uncontrolled release into the environment (National Academies of 

Sciences, Engineering, and Medicine (2016). [140]). 

 Monitoring: Implementing real-time, global-scale monitoring systems for ecosystem health 

and early detection of tipping point precursors (Lenton et al. (2019). [112]). 

 Reversible Design: Prioritizing interventions that are inherently reversible or have "off-

switches" to mitigate unintended consequences (e.g., gene drives designed to fade over 

generations). 

 Sunset Clauses: Building automatic termination mechanisms into risky projects or 

technologies, requiring conscious renewal based on safety evidence rather than continued 

inertia. 

(4) Socio-Economic Equity 
The benefits and burdens of technological and ecological change are never distributed equally. 

 Distributional Effects: Proactive policies (e.g., adjustment assistance, education, taxation) are 

needed to address the massive labour market disruption predicted from automation (Korinek 

(2020). [141]). 

 Access and Participation: Ensuring broad and equitable access to the benefits of 

transformative technologies (e.g., AI-driven healthcare, education tools) and including diverse 

voices in the design and governance process to avoid embedding biases. 

 Avoiding Externalization of Risk: Implementing strict liability regimes and "polluter pays" 

principles to ensure that corporations developing high-risk technologies internalize the potential 

costs and do not offload them onto the public. 

(5) Sustainability Integration 
The pursuit of one singularity must not accelerate another. The development of powerful technologies 

must be evaluated against environmental costs. 

 Lifecycle Energy/Material Footprints: Mandating assessment and disclosure of the full 

lifecycle environmental impact of large-scale AI model training and deployment (Luccioni et 

al. (2023). [142]). 

 Circularity: Designing computing hardware and biotech equipment for reuse, repair, and 

recycling to minimize e-waste and resource extraction. 

 Resilience: Ensuring that technological systems are designed to be resilient to the climate 

disruptions they are meant to help solve, avoiding cascading failures. 

(6) Governance Toolkit 
A layered approach to governance is essential, combining technical standards with legal and 

institutional mechanisms. 

 Standards: International technical standards for safety, security, and interoperability (e.g., 

through bodies like IEEE, ISO). 

 Sandboxes: Regulatory sandboxes that allow for controlled testing of innovative technologies 

in real-world environments under a temporary, relaxed regulatory framework. 

 Oversight Boards: Independent, multidisciplinary ethics and safety review boards with 

authority to halt or modify projects. 

 Open Science Norms: Promoting open research on AI safety and alignment to prevent a 

damaging "race to the bottom" in safety standards. 



Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 68 

 

 

 Crisis Playbooks: Developing and regularly updating coordinated response plans for potential 

AI incidents or ecological emergencies. 

 

Table 11: Ethics & Risk Controls by Singularity Type 

Risk Vector Proposed Mitigations & Guardrails Residual Risk (After Mitigation) 

AI Misalignment 

Scalable oversight, interpretability 

research, robust agent benchmarks, 

value learning. 

High. The technical problem of 

aligning a superintelligent agent 

remains unsolved. 

AI Concentration 

of Power 

Antitrust regulation, open-source 

foundations for non-frontier models, 

international treaties. 

Medium-High. Geopolitical and 

corporate competition incentivizes 

consolidation. 

Dual-Use (Bio/AI) 

Pre-release risk screening, differential 

access controls, licensing of DNA 

synthesizers. 

Medium. Determined malicious 

actors may circumvent controls. 

Ecological 

Tipping Points 

Global carbon pricing, protected area 

networks, monitoring early-warning 

systems. 

Medium-High. Political and 

economic barriers to rapid 

decarbonization remain immense. 

Socio-Economic 

Disruption 

Pre-distributive policies (e.g., data 

dividends), lifelong learning accounts, 

strengthened social safety nets. 

Medium. Requires significant 

political will and tax reform. 

Uncontrolled Bio-

Engineering 

Strict international biosafety 

protocols, gene drive reversal 

technology, liability laws. 

Medium-Low for accredited labs; 

higher for biohackers. 

 

Policy Recommendations: 

For Researchers: 
 Mandatory Pre-Registration: Pre-register research intentions in high-risk domains (e.g., 

pathogenicity gain-of-function, advanced AI agent development) for ethics review. 

 Adopt a "Hippocratic Oath" for Technologists: Pledge to consider the wide societal impacts 

and potential for misuse of one's work. 

 Prioritize Safety & Alignment Research: Dedicate a significant portion of R&D resources to 

safety, not just capabilities. 

For Regulators: 
 Establish a "Model FDA": Create a regulatory agency for pre-deployment auditing and 

licensing of advanced AI systems above a specific compute threshold. 

 Implement Liability Regimes: Clarify and strengthen liability for harms caused by 

autonomous AI systems to incentivize safety investment. 

 Fund Public Goods: massively invest in public-sector AI and ecological monitoring to provide 

a counterbalance to corporate and state power. 

For Industry: 
 Embrace Audits: Commit to independent, third-party safety and security audits of frontier AI 

systems and publish the results. 

 Adopt a Duty of Care: Exercise a heightened duty of care for technologies that pose systemic 

risks. 

 Cooperate on Safety: Collaborate with competitors on pre-competitive safety research, even 

while competing on products. 
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11. LIMITATIONS & FUTURE RESEARCH : 

While this review has synthesized a wide array of scholarship on singularities, it is imperative to 

acknowledge the inherent limitations of such a cross-disciplinary endeavour and to chart a course for 

future research that can address these gaps and strengthen the field. 

(1) Conceptual Scope Limits and Literature Biases: 
The primary limitation of this study stems from the vast and often incommensurable nature of the 

domains under review. 

 Conceptual Scope Limits: The term "singularity" operates at vastly different levels of 

abstraction, from the mathematically precise to the broadly metaphorical. While this metaphor 

is powerful for drawing interdisciplinary connections, it risks eliding critical differences. 

Equating a gravitational singularity, a well-defined (though problematic) concept in physics, 

with the Technological Singularity, a speculative sociological forecast, can be misleading if the 

distinct ontologies and epistemologies of each field are not rigorously respected (Nordmann, 

(2007). [143]). This review has endeavoured to highlight these differences through its typology 

and comparison matrix, but the tension remains inherent in the project. 

 Literature Biases: The scope of this review was necessarily constrained by practical 

limitations. The analysis likely suffers from: 

o Language Bias: The review primarily incorporated literature published in English, 

potentially overlooking significant contributions in other languages, particularly in 

Chinese and Russian AI research or European sustainability science. 

o Database Coverage: Reliance on major databases like Google Scholar, Scopus, and 

Web of Science, while extensive, may have missed grey literature, pre-prints from 

specific archives, or influential works published in discipline-specific journals not 

indexed comprehensively. 

o Selection Bias: The choice of which singularity types to include (e.g., focusing on AI 

and ecological tipping points over, say, financial singularities or metaphysical ones) 

shapes the conclusions. This selection reflects the current prominence of these topics 

in academic and public discourse, which itself may be a bias. 

(2) Uncertainties in Cross-Domain Comparisons and the Need for Empirical Work: 
The comparative approach undertaken here, while fruitful, faces significant methodological challenges. 

 Uncertainties in Comparison: Directly comparing the "reversibility" or "governance 

readiness" of a black hole to that of an AI explosion involves a high degree of subjective 

judgment. The criteria established in Table 3, though based on a review of the literature, require 

further validation and refinement through Delphi studies or expert elicitation processes with 

scholars from all represented fields (Häder & Häder (1995). [144]). This would help calibrate 

the scales and ensure they are applied consistently across domains. 

 Need for Empirical Indicators and Longitudinal Studies: A major finding is the crippling 

lack of robust, predictive empirical indicators for many singularity-types, particularly the 

Technological Singularity. Moving from metaphor to measurement is the paramount challenge. 

Future research must focus on: 

o Developing Operational Metrics: Creating quantifiable, proxy variables for concepts 

like "AI capability momentum" or "ecological resilience loss." This could involve 

tracking trends in compute, algorithmic efficiency, investment, and publication rates 

for AI (Aithal & Aithal (2019). [145]), and refining early-warning signals (e.g., critical 

slowing down, flickering) for ecological systems (Dakos et al. (2012). [146]). 

o Longitudinal Analysis: Conducting longitudinal studies to track these metrics over 

time. This would allow for the testing of forecasting models and a more data-driven 

assessment of whether systems are accelerating toward thresholds or stabilizing. 

(3) Future Research Directions: Operational Metrics, Simulation, and Governance Experiments: 
To move beyond theoretical review, we identify three critical pathways for future research: 

 Operational Metrics and Forecasting: Building on the need for indicators, a dedicated 

research program should aim to build integrated assessment models that incorporate 

technological, ecological, and socioeconomic data. The goal is not to predict a specific 

singularity date but to model different trajectories under various policy and development 
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scenarios. This involves applying techniques from complex systems science, such as agent-

based modeling and systems dynamics, to these macro-scale problems. 

 Simulation and "Wind-Tunneling": For risks that are too dangerous to test in reality, such as 

AGI alignment failures or global geoengineering deployment, sophisticated simulation is 

crucial. Future work should develop high-fidelity "sociotechnical wind tunnels"—simulated 

environments where governance models, safety protocols, and agent behaviours can be stress-

tested without real-world consequences (Tolk et al., (2013). [147]). This includes war-gaming 

geopolitical incidents triggered by AI and simulating the global impacts of various climate 

intervention strategies. 

 Governance Experiments: The consistently low scores for "Governance Readiness" demand 

action-oriented research. We need: 

o Policy Sandboxes: Experimental testing of regulatory frameworks (e.g., AI audit 

standards, carbon market mechanisms) in controlled, real-world settings. 

o Institutional Design: Research into the design of new, agile international institutions 

capable of managing global catastrophic risks, drawing on lessons from past successes 

and failures in arms control and environmental protection (Biermann & Kim (2020). 

[148]). 

o Mechanism Design: Applying computational social choice and mechanism design 

theory to create novel governance models for AI development and deployment that 

incentivize safety and cooperation over a destructive race dynamic (Hadfield (2017). 

[149]). 

Thus, the study of singularities is moving from a niche philosophical curiosity to an urgent, practical 

field of research. Addressing its current limitations requires a concerted effort to develop better data, 

better models, and better institutions. The ultimate goal is to replace speculative anxiety with analytical 

clarity and proactive governance, thereby enhancing our capacity to navigate the profound transitions 

that may lie ahead. 

12. CONCLUSION : 

This review set out to construct a cross-disciplinary typology of singularities, moving beyond their 

narrow technical definitions to explore their profound implications for science and society. Our primary 

objectives were to: (1) build an integrated typology spanning mathematical, physical, technological, 

socio-ecological, and philosophical domains; (2) conduct an exploratory review to assess the current 

status of singularity concepts; (3) apply a SWOC framework to each type; (4) compare them on shared 

criteria like mechanism and governance readiness; and (5) evaluate the pathways and conditions that 

lead toward or away from these transformative thresholds. 

Our analysis reveals that while the core mechanism of a singularity—a breakdown in predictability, 

controllability, or model coherence—is a common thread, its implications vary dramatically across 

domains. The typology and comparative matrix (Table 9) highlight a critical divergence: the domains 

with the most extreme potential societal impact (Technological and Socio-Ecological singularities) are 

also those plagued by the highest uncertainty and the lowest level of governance readiness. This 

constitutes a severe governance gap (Scharre (2018). [150]). The SWOC analyses further clarified that 

the greatest strengths of these concepts (e.g., their explanatory power and ability to focus attention on 

existential risks) are often matched by profound weaknesses (e.g., measurement challenges and 

conceptual ambiguity). The evaluation rubric (Table 10) underscored that navigating these pathways 

requires grappling with deep epistemic uncertainty and ethical risks, particularly concerning 

irreversibility and intergenerational equity (Bostrom (2013). [151]); Gardiner (2011). [152]). 

The practical implications of this work are threefold: 

(1) For Research Agendas: This review calls for a shift from speculative discussion to the development 

of operational metrics and early-warning systems. Research must prioritize creating robust, 

quantifiable indicators for concepts like "AI capability momentum" and "ecological resilience loss" 

(Dakos et al. (2012). [153]; Grace et al. (2018). [154]). Furthermore, interdisciplinary fields like 

existential risk studies and complexity science should be strengthened to better model and understand 

coupled systemic risks. 

(2) For Policy and Governance: The consistently low scores for "Governance Readiness" demand 

urgent action. Policymakers must invest in anticipatory governance and adaptive institutions capable of 
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responding to non-linear change. This includes implementing the proposed toolkit of safety 

benchmarks, regulatory sandboxes, international standards, and crisis playbooks (Brundage et al., 

(2018). [155]). The Precautionary Principle and frameworks like Planetary Boundaries must be central 

to decision-making in the face of deep uncertainty (Rockström et al., (2009). [156]; UNESCO, (2005). 

[157]). 

(3) For Public Discourse: To avoid fatalism or fantastical thinking, public communication must move 

away from sensationalist "singularity talk" and toward a focus on pathways and agency. The narrative 

should emphasize that these futures are not predetermined but are shaped by human choices made 

today—choices about investment in safety research, the design of equitable economic systems, and the 

strengthening of cooperative international governance (Fischhoff, (2013). [158]). 

In essence, the study of singularities holds up a mirror to our own limitations. It reveals the boundaries 

of our knowledge, the fragility of our institutions, and the profound responsibility we bear. Navigating 

this future requires not just scientific and technological advancement, but a commensurate evolution in 

our wisdom, our ethics, and our governance. The greatest insight from this cross-disciplinary review is 

that the most important singularity to understand and manage is not a distant, external event, but the 

internal, collective capacity of humanity to steer its own trajectory with foresight and responsibility. 

REFERENCES :  

[1] Geroch, R. (1968). What is a singularity in general relativity?. Annals of Physics, 48(3), 526-540. 

Google Scholar 

[2] Hawking, S. W., & Penrose, R. (1970). The singularities of gravitational collapse and 

cosmology. Proceedings of the Royal Society of London. A. Mathematical and Physical 

Sciences, 314(1519), 529-548. Google Scholar 

[3] Borde, A., Guth, A. H., & Vilenkin, A. (2003). Inflationary spacetimes are incomplete in past 

directions. Physical Review Letters, 90(15), 151301. Google Scholar 

[4] Ishii, S. (2018). Introduction to singularities. Springer. Google Scholar 

[5] Arnol’d, V. I., Goryunov, V. V., Lyashko, O. V., & Vasil’ev, V. A. (1993). Singularity theory II 

classification and applications. In Dynamical Systems VIII: Singularity Theory II. 

Applications (pp. 1-235). Berlin, Heidelberg: Springer Berlin Heidelberg. Google Scholar 

[6] Sandberg, A. (2013). An overview of models of technological singularity. The transhumanist reader: 

Classical and contemporary essays on the science, technology, and philosophy of the human future, 

376-394. Google Scholar 

[7] Potapov, A. (2018). Technological singularity: What do we really know?. Information, 9(4), 82. 

Google Scholar 

[8] Kurzweil, R. (2005). The singularity is near. In Ethics and emerging technologies (pp. 393-406). 

London: Palgrave Macmillan UK. Google Scholar 

[9] Magee, C. L., & Devezas, T. C. (2011). How many singularities are near and how will they disrupt 

human history?. Technological Forecasting and Social Change, 78(8), 1365-1378. Google 

Scholar 

[10] Aithal, P. S., & Aithal, S. (2019, October). Management of Universal Technologies & their Industry 

Implications. In Proceedings of International Conference on Emerging Trends in Management, IT 

and Education (Vol. 1, No. 2, pp. 318-328). Google Scholar 

[11] Aithal, P. S., & Aithal, S. (2025). Quantum Computers Supported Path to Technological 

Singularity–A Predictive Analysis. Poornaprajna International Journal of Basic & Applied 

Sciences (PIJBAS), 2(1), 63-96. Google Scholar 

[12] Van den Berg, J. A. (2012). An anthropology of singularity? Pastoral perspectives for an embodied 

spirituality in the annus virtualis and beyond. Social sciences and cultural studies, issues of 

language, public opinion, education, and welfare, 429-440. Google Scholar 

[13] Chace, C. (2016). The economic singularity. New York: Three Cs. Google Scholar 

https://www.sciencedirect.com/science/article/pii/0003491668901449
https://royalsocietypublishing.org/doi/abs/10.1098/rspa.1970.0021
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.151301
https://books.google.com/books?hl=en&lr=&id=wNdvDwAAQBAJ&oi=fnd&pg=PR6&dq=different+types+of+singularities,+categorized+by+their+field&ots=xzOzYhonO0&sig=roRkk1scVcKrEoCgT9N8eaMChcY
https://link.springer.com/content/pdf/10.1007/978-3-662-06798-7_1?pdf=chapter%20toc
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118555927.ch36
https://www.mdpi.com/2078-2489/9/4/82
https://link.springer.com/chapter/10.1057/9781137349088_26
https://www.sciencedirect.com/science/article/pii/S0040162511001661
https://www.sciencedirect.com/science/article/pii/S0040162511001661
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3497813
http://poornaprajnapublication.com/index.php/pijbas/article/view/110
https://books.google.com/books?hl=en&lr=&id=Bu6dDwAAQBAJ&oi=fnd&pg=PA429&dq=Spiritual+singularities&ots=mSVdVWSRgx&sig=45jNok2BqVCUKy82YZZ0BL4rHgU
https://calumchace.com/wp-content/uploads/2017/02/the-economic-singularity.pdf


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 72 

 

 

[14] Nordhaus, W. D. (2021). Are we approaching an economic singularity? information technology 

and the future of economic growth. American Economic Journal: Macroeconomics, 13(1), 299-

332. Google Scholar 

[15] Scheffer, M., Bascompte, J., Brock, W. A., Brovkin, V., Carpenter, S. R., Dakos, V., ... & Sugihara, 

G. (2009). Early-warning signals for critical transitions. Nature, 461(7260), 53-59. Google 

Scholar 

[16] Centola, D., Becker, J., Brackbill, D., & Baronchelli, A. (2018). Experimental evidence for tipping 

points in social convention. Science, 360(6393), 1116-1119. Google Scholar 

[17] Hohenberg, P. C., & Halperin, B. I. (1977). Theory of dynamic critical phenomena. Reviews of 

Modern Physics, 49(3), 435. Google Scholar 

[18] Bak, P., Tang, C., & Wiesenfeld, K. (1987). Self-organized criticality: An explanation of the 1/f 

noise. Physical review letters, 59(4), 381. Google Scholar 

[19] Zeeman, E. C. (1979). Catastrophe theory. In Structural Stability in Physics: Proceedings of Two 

International Symposia on Applications of Catastrophe Theory and Topological Concepts in 

Physics Tübingen, Fed. Rep. of Germany, May 2–6 and December 11–14, 1978 (pp. 12-22). Berlin, 

Heidelberg: Springer Berlin Heidelberg. Google Scholar 

[20] Ellis, G. F. R., & Schmidt, B. G. (1977). Singular space-times. General Relativity and Gravitation, 

8(11), 915–953. Google Scholar  

[21] Hohenberg, P. C., & Halperin, B. I. (1977). Theory of dynamic critical phenomena. Reviews of 

Modern Physics, 49(3), 435–479. Google Scholar  

[22] Scheffer, M., Bascompte, J., Brock, W. A., Brovkin, V., Carpenter, S. R., Dakos, V., Held, H., van 

Nes, E. H., Rietkerk, M., & Sugihara, G. (2009). Early-warning signals for critical transitions. 

Nature, 461(7260), 53–59. Google Scholar   

[23] Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., & Schellnhuber, H. J. 

(2008). Tipping elements in the Earth’s climate system. Proceedings of the National Academy of 

Sciences, 105(6), 1786–1793. Google Scholar   

[24] Eden, A. H., Steinhart, E., Pearce, D., & Moor, J. H. (2013). Singularity hypotheses: An overview. 

In A. H. Eden, J. H. Moor, J. H. Søraker, & E. Steinhart (Eds.), Singularity hypotheses: A scientific 

and philosophical assessment (pp. 1–12). Springer. Google Scholar  

[25] Geroch, R. (1968). What is a singularity in general relativity? Annals of Physics, 48(3), 526–540. 

Google Scholar  

[26] Hawking, S. W., & Penrose, R. (1970). The singularities of gravitational collapse and cosmology. 

Proceedings of the Royal Society A, 314(1519), 529–548. Google Scholar  

[27] Centola, D., Becker, J., Brackbill, D., & Baronchelli, A. (2018). Experimental evidence for tipping 

points in social convention. Science, 360(6393), 1116–1119. Google Scholar  

[28] Bostrom, N. (2013). Existential risk prevention as global priority. Global Policy, 4(1), 15–31. 

Google Scholar 

[29] Torres, P. J. (2015). Mathematical models with singularities (Vol. 1). Paris: Atlantis Press. Google 

Scholar 

[30] Curiel, E. (2019). The many definitions of a black hole. Nature Astronomy, 3(1), 27–34. Google 

Scholar 

[31] Bojowald, M. (2015). Singularities and quantum gravity. AIP Conference Proceedings, 1680(1), 

020001. Google Scholar 

[32] Vinge, V. (1993). The coming technological singularity: How to survive in the post-human era. 

In *Vision-21: Interdisciplinary Science and Engineering in the Era of Cyberspace* (pp. 11–22). 

NASA Lewis Research Center. Google Scholar 

https://www.aeaweb.org/articles?id=10.1257/mac.20170105
https://www.nature.com/articles/nature08227/boxes
https://www.nature.com/articles/nature08227/boxes
https://www.science.org/doi/abs/10.1126/science.aas8827
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.49.435
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.59.381
https://link.springer.com/content/pdf/10.1007/978-3-642-67363-4_3?pdf=chapter%20toc
https://link.springer.com/article/10.1007/BF00759240
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.49.435
https://www.nature.com/articles/nature08227/boxes
https://www.pnas.org/doi/abs/10.1073/pnas.0705414105
https://link.springer.com/chapter/10.1007/978-3-642-32560-1_1
https://www.sciencedirect.com/science/article/pii/0003491668901449
https://royalsocietypublishing.org/doi/abs/10.1098/rspa.1970.0021
https://www.science.org/doi/abs/10.1126/science.aas8827
https://onlinelibrary.wiley.com/doi/abs/10.1111/1758-5899.12002
https://link.springer.com/content/pdf/10.2991/978-94-6239-106-2.pdf
https://link.springer.com/content/pdf/10.2991/978-94-6239-106-2.pdf
https://www.nature.com/articles/s41550-018-0602-1
https://www.nature.com/articles/s41550-018-0602-1
https://pubs.aip.org/aip/acp/article-abstract/910/1/294/612276
https://mikekalil.com/wp-content/uploads/2023/12/coming-technological-singularity.pdf


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 73 

 

 

[33] Kurzweil, R. (2005). The singularity is near: When humans transcend biology. Viking. (Note: This 

is a book. Its thesis is widely debated in academic journals). Google Scholar 

[34] Bostrom, N. (2014). Superintelligence: Paths, dangers, strategies. Oxford University Press. (Note: 

This is a book, but its ideas are foundational and widely cited in journal articles. A key journal 

article by Bostrom is cited below). Google Scholar 

[35] Bostrom, N. (2016). Strategic implications of openness in AI development. Global Policy, 7(2), 

138–150. Google Scholar  

[36] Mitchell, M. (2019). Artificial intelligence: A guide for thinking humans. Farrar, Straus and Giroux. 

(Note: This is a book. A related journal article is:) 

Mitchell, M. (2019). Why AI is harder than we think. arXiv preprint arXiv:2104.12871. Google 

Scholar 

[37] Steinhart, E. (2018). Teilhard de Chardin and transhumanism. Journal of Evolution and 

Technology, 28(1), 1–22. Google Scholar  

[38] Geraci, R. M. (2008). Apocalyptic AI: Religion and the promise of artificial intelligence. Journal 

of the American Academy of Religion, 76(1), 138–166. Google Scholar 

[39] Brynjolfsson, E., & McAfee, A. (2017). Artificial intelligence, for real. Harvard Business Review, 

95(1), 1-8. Google Scholar 

[40] Ford, M. (2013). Could artificial intelligence create an unemployment crisis? Communications of 

the ACM, 56(7), 37-39. Google Scholar   

[41] Barnosky, A. D., Hadly, E. A., Bascompte, J., Berlow, E. L., Brown, J. H., Fortelius, M., ... & 

Smith, A. B. (2012). Approaching a state shift in Earth’s biosphere. Nature, 486(7401), 52-58. 

Google Scholar 

[42] Escultura, E. E. (1992). The mathematics of singularities. Transactions of National Academy of 

Science and Technology, XIV, Manila, 141-153. Google Scholar 

[43] Bailly, F., & Longo, G. (2011). Mathematics and the natural sciences: the physical singularity of 

life (Vol. 7). World Scientific. Google Scholar 

[44] Cheng, Q. (2018). Mathematical geosciences: Local singularity analysis of nonlinear Earth 

processes and extreme geo-events. In Handbook of Mathematical Geosciences: Fifty Years of 

IAMG (pp. 179-208). Cham: Springer International Publishing. Google Scholar 

[45] Hamel, J. (1993). Some observations on the role of singularity in the exact, mathematical, and 

social sciences. Diogenes, 41(161), 43-65. Google Scholar 

[46] Torday, J. S. (2019). The Singularity of nature. Progress in biophysics and molecular biology, 142, 

23-31. Google Scholar 

[47] Polini, C. (2012). Studies on Singularities. NSF Award Number 1202685. Directorate for 

Mathematical and Physical Sciences, 12(1202685), 2685. Google Scholar 

[48] Magee, C. L., & Devezas, T. C. (2011). How many singularities are near and how will they disrupt 

human history?. Technological Forecasting and Social Change, 78(8), 1365-1378. Google 

Scholar 

[49] Snooks, G. D. (2020). Is singularity a scientific concept or the construct of metaphysical 

historicism? Implications for Big History. In The 21st Century Singularity and Global Futures: A 

Big History Perspective (pp. 225-263). Cham: Springer International Publishing. Google 

Scholar 

[50] Dirac, P. A. M. (1931). Quantised singularities in the electromagnetic field. Proceedings of the 

Royal Society of London. Series A, Containing Papers of a Mathematical and Physical 

Character, 133(821), 60-72. Google Scholar 

https://link.springer.com/chapter/10.1057/9781137349088_26
https://academic.oup.com/pq/article-abstract/66/262/196/2460870
https://www.taylorfrancis.com/chapters/edit/10.1201/9781351251389-11/strategic-implications-openness-ai-development-nick-bostrom
https://books.google.com/books?hl=en&lr=&id=VfSIDwAAQBAJ&oi=fnd&pg=PT18&dq=Mitchell,+M.+(2019).+Artificial+intelligence:+A+guide+for+thinking+humans.+Farrar,+Straus+and+Giroux.&ots=sjnsAL1Cau&sig=tc9w5YJEjPxy_CIChRBSFwDRItU
https://books.google.com/books?hl=en&lr=&id=VfSIDwAAQBAJ&oi=fnd&pg=PT18&dq=Mitchell,+M.+(2019).+Artificial+intelligence:+A+guide+for+thinking+humans.+Farrar,+Straus+and+Giroux.&ots=sjnsAL1Cau&sig=tc9w5YJEjPxy_CIChRBSFwDRItU
https://philpapers.org/rec/STETDC-2
https://academic.oup.com/jaar/article-abstract/76/1/138/682743
https://starlab-alliance.com/wp-content/uploads/2017/09/AI-Article.pdf
https://dl.acm.org/doi/abs/10.1145/2483852.2483865
https://www.nature.com/articles/nature11018
https://www.nast.dost.gov.ph/images/pdf%20files/Publications/NAST%20Transactions/NAST%201992%20Transactions%20Volume%2014/MPES-4%20.%20The%20Mathematics%20of%20Singularities%20Edgar%20E.%20Escultura.pdf
https://ens.hal.science/hal-03318542/document
https://library.oapen.org/bitstream/handle/20.500.12657/22939/1007222.pdf?sequence=1#page=200
https://www.cambridge.org/core/journals/diogenes/article/some-observations-on-the-role-of-singularity-in-the-exact-mathematical-and-social-sciences/F26B93DF857A1A3C02593237E6D6458D
https://www.sciencedirect.com/science/article/pii/S0079610718300890
https://ui.adsabs.harvard.edu/abs/2012nsf....1202685P/abstract
https://www.sciencedirect.com/science/article/pii/S0040162511001661
https://www.sciencedirect.com/science/article/pii/S0040162511001661
https://royalsocietypublishing.org/doi/abs/10.1098/rspa.1931.0130


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 74 

 

 

[51] Gaffney, T. J. (1994). Mathematical Sciences: Geometry of Singularities. NSF Award Number 

9403708. Directorate for Mathematical and Physical Sciences, 94(9403708), 3708. Google 

Scholar 

[52] Senovilla, J. M. (2022). A critical appraisal of the singularity theorems. Philosophical Transactions 

of the Royal Society A, 380(2222), 20210174. Google Scholar 

[53] Crowther, K., & De Haro, S. (2022). Four attitudes towards singularities in the search for a theory 

of quantum gravity. In The Foundations of Spacetime Physics (pp. 223-250). Routledge. Google 

Scholar 

[54] Berry, M. V. (2023). The singularities of light: intensity, phase, polarisation. Light: Science & 

Applications, 12(1), 238. Google Scholar 

[55] Desai, B. C. (2015, July). Technological singularities. In Proceedings of the 19th International 

Database Engineering & Applications Symposium (pp. 10-22). Google Scholar 

[56] Tariq, S., Iftikhar, A., Chaudhary, P., & Khurshid, K. (2023). Is the ‘Technological Singularity 

Scenario’possible: Can AI parallel and surpass all human mental capabilities?. World 

Futures, 79(2), 200-266. Google Scholar 

[57] Donoho, D. (2023). Data science at the singularity. arXiv preprint arXiv:2310.00865. Google 

Scholar 

[58] Coates, T., Kasprzyk, A., & Veneziale, S. (2023). Machine learning detects terminal 

singularities. Advances in Neural Information Processing Systems, 36, 67183-67194. Google 

Scholar 

[59] Potapov, A. (2018). Technological singularity: What do we really know?. Information, 9(4), 82. 

Google Scholar 

[60] Nicolescu, B. (2017). Technological singularity: The dark side. In Transdisciplinary Higher 

Education: A Theoretical Basis Revealed in Practice (pp. 155-161). Cham: Springer International 

Publishing. Google Scholar 

[61] Sandu, A., & Vlad, L. (2018). Beyond Technological Singularity-the Posthuman 

Condition. Postmodern Openings/Deschideri Postmoderne, 9(1), 91-107. Google Scholar 

[62] O’Lemmon, M. (2020). The technological singularity as the emergence of a collective 

consciousness: An anthropological perspective. Bulletin of Science, Technology & Society, 40(1-

2), 15-27. Google Scholar 

[63] Kurzweil, R. (2022). Superintelligence and singularity. Machine Learning and the City: 

Applications in Architecture and Urban Design, 579-601. Google Scholar 

[64] Wallach, W. (2016). The Singularity: Will We Survive Our Technology. Jurimetrics, 56(3), 297. 

Google Scholar   

[65] Osuagwu, O. E., Ndigwe, C., Uzoma, P. O., Nwanjo, C. I., Okwuchi, D. R., & Ogbonna, D. (2014). 

Singularity is the Future of ICT Research. West African Journal of Industrial and Academic 

Research, 11(1), 81-91. Google Scholar 

[66] Zimmerman, M. E. (2008). The singularity: a crucial phase in divine self-actualization?. Cosmos 

and History: The Journal of Natural and Social Philosophy, 4(1-2), 347-371. Google Scholar 

[67] Karpik, L. (2021). Valuing the unique: The economics of singularities. Google Scholar 

[68] Hague, P. (2011). The Singularity in Time. The Omega Point of Evolutionary. Google Scholar 

[69] Chaisson, E. J. (2013). A singular universe of many singularities: Cultural evolution in a cosmic 

context. In Singularity Hypotheses: A Scientific and Philosophical Assessment (pp. 413-440). 

Berlin, Heidelberg: Springer Berlin Heidelberg. Google Scholar 

[70] Riggio, A. A. (2012). An Ecological Philosophy of Self and World: What Ecocentric Morality 

Demands of the Universe (Doctoral dissertation). Google Scholar 

https://ui.adsabs.harvard.edu/abs/1994nsf....9403708G/abstract
https://ui.adsabs.harvard.edu/abs/1994nsf....9403708G/abstract
https://royalsocietypublishing.org/doi/abs/10.1098/rsta.2021.0174
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003219019-12/four-attitudes-towards-singularities-search-theory-quantum-gravity-karen-crowther-sebastian-de-haro
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003219019-12/four-attitudes-towards-singularities-search-theory-quantum-gravity-karen-crowther-sebastian-de-haro
https://www.nature.com/articles/s41377-023-01270-8
https://dl.acm.org/doi/abs/10.1145/2790755.2790769
https://www.tandfonline.com/doi/abs/10.1080/02604027.2022.2050879
https://arxiv.org/abs/2310.00865
https://arxiv.org/abs/2310.00865
https://proceedings.neurips.cc/paper_files/paper/2023/hash/d453490ada2b1991852f053fbd213a6a-Abstract-Conference.html
https://proceedings.neurips.cc/paper_files/paper/2023/hash/d453490ada2b1991852f053fbd213a6a-Abstract-Conference.html
https://www.mdpi.com/2078-2489/9/4/82
https://link.springer.com/chapter/10.1007/978-3-319-56185-1_11
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=20680236&AN=128878443&h=ZNoL%2FlD5ohdxxJLe4mO70ydf5KedqjnvM3U2awQqPDkHG89ZkVX1BY6YHXWcok0%2FOBIvsvLVlo08XIolD19pOg%3D%3D&crl=c
https://journals.sagepub.com/doi/abs/10.1177/0270467620981000
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119815075.ch48
https://www.jstor.org/stable/26322677
https://www.ajol.info/index.php/wajiar/article/view/114996
https://www.academia.edu/download/56125002/The_Singularity.pdf
https://www.torrossa.com/gs/resourceProxy?an=5580276&publisher=FZO137
https://amp.paulhague.net/documents/the_singularity_in_time.pdf
https://link.springer.com/chapter/10.1007/978-3-642-32560-1_20
https://macsphere.mcmaster.ca/handle/11375/12689


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 75 

 

 

[71] Macsut, A. M., & Grosu, S. (2012, March). Singularity and catholic spirituality. In Proceedings of 

the 2012 Virtual Reality International Conference (pp. 1-6). Google Scholar 

[72] George, J. M. (2018). Rudiments of a Singularity-Philosophy of Religion. The International 

Journal of Religion and Spirituality in Society, 8(1), 1-11. Google Scholar 

[73] Leou-On, Y. (2014). The Philosopher's Singularity. Available at SSRN 2649680. Google Scholar 

[74] Perrier, R. E., & Dalferth, I. U. (2022). The Unique, the Singular, and the Individual: The Debate 

about the Non-Comparable: Claremont Studies in the Philosophy of Religion, Conference 2018. 

Google Scholar 

[75] Utiuzh, I. H., Konovalenko, O., & Volkova, V. (2025). The analysis of social singularity in the 

digital era: A socio-philosophical aspect. Google Scholar 

[76] Michels, J. (2025). The Spiritual Singularity vs. The Technological Singularity: Turtles All the Way 

Down. Google Scholar 

[77] Faixat, J. D. (2022). Non-dual singularity. Evolution, 8, 214-256. Google Scholar 

[78] Krüger, O. (2021). Virtual Immortality–God, Evolution, and the Singularity in Post-and 

Transhumanism (Vol. 41). transcript Verlag. Google Scholar 

[79] Sandu, A., & Vlad, L. (2018). Beyond Technological Singularity-the Posthuman 

Condition. Postmodern Openings/Deschideri Postmoderne, 9(1), 91-108. Google Scholar 

[80] Aithal, P. S., & Aithal, S. (2023). New Research Models under the Exploratory Research Method. A 

Book “Emergence and Research in Interdisciplinary Management and Information Technology” 

edited by P. K. Paul et al. Published by New Delhi Publishers, New Delhi, India, 109-140. Google 

Scholar 

[81] Aithal, P. S., & Aithal, S. (2023). Use of AI-based GPTs in experimental, empirical, and exploratory 

research methods. International Journal of Case Studies in Business, IT, and Education 

(IJCSBE), 7(3), 411-425. Google Scholar 

[82] Aithal, P. S., & Aithal, S. (2024). Redefining Experimental, Empirical, and Exploratory Research 

in AI Era. Poornaprajna International Journal of Emerging Technologies (PIJET), 1(1), 90-136. 

Google Scholar 

[83] Arnol'd, V. I. (1992). Catastrophe theory. Springer Science & Business Media. Google Scholar 

[84] Hawking, S. W., & Penrose, R. (1970). The singularities of gravitational collapse and 

cosmology. Proceedings of the Royal Society A: Mathematical, Physical and Engineering 

Sciences, 314(1519), 529–548. Google Scholar 

[85] Penrose, R. (1965). Gravitational collapse and space-time singularities. Physical Review Letters, 

14(3), 57–59. Google Scholar 

[86] Penrose, R. (1969). Gravitational collapse: The role of general relativity. Rivista del Nuovo 

Cimento, 1, 252–276. Google Scholar 

[87] Bak, P., Tang, C., & Wiesenfeld, K. (1987). Self-organized criticality: An explanation of 1/f 

noise. Physical Review Letters, 59(4), 381–384. Google Scholar 

[88] Vinge, V. (1993). The coming technological singularity: How to survive in the post-human era. 

Vision-21: Interdisciplinary Science and Engineering in the Era of Cyberspace, NASA Conference 

Publication 10129. Google Scholar 

[89] Kurzweil, R. (2005). The singularity is near: When humans transcend biology. Viking. Google 

Scholar 

[90] Buldyrev, S. V., Parshani, R., Paul, G., Stanley, H. E., & Havlin, S. (2010). Catastrophic cascade 

of failures in interdependent networks. Nature, 464(7291), 1025–1028. Google Scholar 

[91] Chardin, P. T. de. (1955). The phenomenon of man. Harper & Row. Google Scholar 

https://dl.acm.org/doi/abs/10.1145/2331714.2331725
https://search.proquest.com/openview/7e83694db1342809a6677e8397a8fef8/1?pq-origsite=gscholar&cbl=5529393
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2649680
https://www.torrossa.com/it/resources/an/5391438
http://dspace.zsmu.edu.ua/handle/123456789/22593
https://philpapers.org/rec/MICTSS-2
https://www.nodualidad.info/recursos/pdf-articulos/Non-Dual-Singularity.pdf
https://books.google.com/books?hl=en&lr=&id=8PtFEAAAQBAJ&oi=fnd&pg=PP1&dq=Kr%C3%BCger,+O.+(2021).+Virtual+Immortality%E2%80%93God,+Evolution,+and+the+Singularity+in+Post-and+Transhumanism+(Vol.+41).+transcript+Verlag.+&ots=VZDhjJydLg&sig=BZbFy0xZOkuVvUp8xLFJ0pinUAI
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=20680236&AN=128878443&h=ZNoL%2FlD5ohdxxJLe4mO70ydf5KedqjnvM3U2awQqPDkHG89ZkVX1BY6YHXWcok0%2FOBIvsvLVlo08XIolD19pOg%3D%3D&crl=c
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4490827
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4490827
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4673846
http://poornaprajnapublication.com/index.php/pijet/article/view/45
https://r.search.yahoo.com/_ylt=Awrx_yR7r75oDuA.CQbnHgx.;_ylu=Y29sbwMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1757356028/RO=10/RU=https%3a%2f%2flink.springer.com%2fbook%2f10.1007%2f978-3-642-58124-3/RK=2/RS=xDckt98w9mC9D3pdK9mlL_P89O0-
https://royalsocietypublishing.org/doi/abs/10.1098/rspa.1970.0021
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.14.57
https://ui.adsabs.harvard.edu/abs/1969NCimR...1..252P/abstract
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.59.381
https://mikekalil.com/wp-content/uploads/2023/12/coming-technological-singularity.pdf
https://link.springer.com/chapter/10.1057/9781137349088_26
https://link.springer.com/chapter/10.1057/9781137349088_26
https://www.nature.com/articles/nature08932
https://r.search.yahoo.com/_ylt=AwrPrMTLrr5op8U.JQ_nHgx.;_ylu=Y29sbwMEcG9zAzEEdnRpZAMEc2VjA3Ny/RV=2/RE=1757355852/RO=10/RU=https%3a%2f%2farchive.org%2fdetails%2fThePhenomenonOfMan/RK=2/RS=FpBkS6piOJdyncR_ae2B3YLx2Jo-


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 76 

 

 

[92] Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., & Schellnhuber, H. J. 

(2008). Tipping elements in the Earth's climate system. Proceedings of the National Academy of 

Sciences, 105(6), 1786–1793. Google Scholar 

[93] Centola, D., Becker, J., Brackbill, D., & Baronchelli, A. (2018). Experimental evidence for tipping 

points in social convention. Science, 360(6393), 1116–1119. Google Scholar 

[94] Aithal, P. S., & Kumar, P. M. (2015). Applying SWOC analysis to an institution of higher 

education. International Journal of Management, IT and Engineering, 5(7), 231-247. Google 

Scholar 

[95] Lupane, P. B. (2019). SWOC analysis of Kirana shops. Journal of Commerce 7(3), 39-42. Google 

Scholar 

[96] Nuwaylati, D., Eldakhakhny, B., Bima, A., Sakr, H., & Elsamanoudy, A. (2022). Low-carbohydrate 

high-fat diet: A swoc analysis. Metabolites, 12(11), 1126. Google Scholar 

[97] Virgana, V., & Lapasau, M. (2019). Enhancing strategic planning of school program through 

SWOC analysis. MOJEM: Malaysian Online Journal of Educational Management, 7(2), 1-26. 

Google Scholar 

[98] Shyam, B. R., & Aithal, P. S. (2025). SWOT & SWOC: A Literature Review-based Evidence from 

Kurukshetra (Mahabharata) War. Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), 2(1), 38-52. Google Scholar 

[99] Aithal, P. S. (2025). Publishing Company and CEO Analysis Papers as Part of a 'Dark-Blue Ocean 

Strategy' in Professional Education to Grab Employment. Poornaprajna International Journal of 

Management, Education & Social Science (PIJMESS), 2(1), 129-153. Google Scholar 

[100] P. S. Aithal & Vinay V. Prabhu (2025). Opportunities for Research-Based Innovations in the 

Logistics & Supply Chain Management Industry. Book: Innovative Paradigms in Global 

Management – Proceedings of Indo-Kenyan International Conference (Vol-1) IKCAMIT-2025, 

Poornaprajna Publication, India. PP. 1-12. ISBN: 978-93-48763-62-4, DOI: 

https://doi.org/10.5281/zenodo.16793295. Google Scholar 

[101] Hawking, S. W., & Penrose, R. (1970). The singularities of gravitational collapse and cosmology. 

Proceedings of the Royal Society A, 314(1519), 529–548. Google Scholar  

[102] Ellis, G. F. R., & Schmidt, B. G. (1977). Singular space-times. General Relativity and Gravitation, 

8(11), 915–953. Google Scholar  

[103] Borde, A., Guth, A. H., & Vilenkin, A. (2003). Inflationary spacetimes are incomplete in past 

directions. Physical Review Letters, 90(1), 151301. Google Scholar  

[104] Hohenberg, P. C., & Halperin, B. I. (1977). Theory of dynamic critical phenomena. Reviews of 

Modern Physics, 49(3), 435–479. Google Scholar  

[105] Bak, P., Tang, C., & Wiesenfeld, K. (1987). Self-organized criticality: An explanation of 1/f noise. 

Physical Review Letters, 59(4), 381–384. Google Scholar  

[106] Scheffer, M., Bascompte, J., Brock, W. A., Brovkin, V., Carpenter, S. R., Dakos, V., Held, H., van 

Nes, E. H., Rietkerk, M., & Sugihara, G. (2009). Early-warning signals for critical transitions. 

Nature, 461(7260), 53–59. Google Scholar  

[107] Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., & Schellnhuber, H. J. 

(2008). Tipping elements in the Earth’s climate system. Proceedings of the National Academy of 

Sciences, 105(6), 1786–1793. Google Scholar  

[108] Centola, D., Becker, J., Brackbill, D., & Baronchelli, A. (2018). Experimental evidence for tipping 

points in social convention. Science, 360(6393), 1116–1119. Google Scholar  

[109] Russell, S., Dewey, D., & Tegmark, M. (2015). Research priorities for robust and beneficial 

artificial intelligence. AI Magazine, 36(4), 105–114. Google Scholar  

https://www.pnas.org/doi/abs/10.1073/pnas.0705414105
https://www.science.org/doi/abs/10.1126/science.aas8827
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2779000
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2779000
https://www.shanlaxpublications.com/wp-content/uploads/COM_V7_N3_006.pdf
https://www.shanlaxpublications.com/wp-content/uploads/COM_V7_N3_006.pdf
https://www.mdpi.com/2218-1989/12/11/1126
https://mojem.um.edu.my/article/view/17304
http://poornaprajnapublication.com/index.php/pijbas/article/view/108
http://poornaprajnapublication.com/index.php/pijmess/article/view/105
https://doi.org/10.5281/zenodo.16793295
https://doi.org/10.5281/zenodo.16793295
https://royalsocietypublishing.org/doi/abs/10.1098/rspa.1970.0021
https://link.springer.com/article/10.1007/BF00759240
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.90.151301
https://journals.aps.org/rmp/abstract/10.1103/RevModPhys.49.435
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.59.381
https://www.nature.com/articles/nature08227/boxes
https://www.pnas.org/doi/abs/10.1073/pnas.0705414105
https://www.science.org/doi/abs/10.1126/science.aas8827
https://ojs.aaai.org/aimagazine/index.php/aimagazine/article/view/2577


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 77 

 

 

[110] Bostrom, N. (2013). Existential risk prevention as global priority. Global Policy, 4(1), 15–31. 

Google Scholar  

[111] Bostrom, N. (2014). Superintelligence: Paths, dangers, strategies. Oxford University Press. (No 

DOI provided for books in this example). Google Scholar 

[112] Lenton, T. M., Rockström, J., Gaffney, O., Rahmstorf, S., Richardson, K., Steffen, W., & 

Schellnhuber, H. J. (2019). Climate tipping points — too risky to bet against. Nature, 575(7784), 

592–595. Google Scholar 

[113] Steffen, W., Rockström, J., Richardson, K., Lenton, T. M., Folke, C., Liverman, D., Summerhayes, 

C. P., Barnosky, A. D., Cornell, S. E., Crucifix, M., Donges, J. F., Fetzer, I., Lade, S. J., Scheffer, 

M., Winkelmann, R., & Schellnhuber, H. J. (2018). Trajectories of the Earth System in the 

Anthropocene. Proceedings of the National Academy of Sciences, 115(33), 8252–8259. Google 

Scholar 

[114] Russell, S. (2019). Human compatible: Artificial intelligence and the problem of control. Viking. 

(p. 150). Google Scholar 

[115] IPCC. (2021). Climate change 2021: The physical science basis. Contribution of Working Group 

I to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change [Masson-

Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, 

M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. 

Yelekçi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press. (p. 28). Google Scholar 

[116] Drijfhout, S., Bathiany, S., Beaulieu, C., Brovkin, V., Claussen, M., Huntingford, C., Scheffer, 

M., Sgubin, G., & Swingedouw, D. (2015). Catalogue of abrupt shifts in Intergovernmental Panel 

on Climate Change climate models. Proceedings of the National Academy of Sciences, 112(43), 

E5777–E5786. Google Scholar 

[117] Grace, K., Salvatier, J., Dafoe, A., Zhang, B., & Evans, O. (2018). Viewpoint: When will AI 

exceed human performance? Evidence from AI experts. Journal of Artificial Intelligence Research, 

62, 729–754. Google Scholar 

[118] Brundage, M., Avin, S., Clark, J., Toner, H., Eckersley, P., Garfinkel, B., Dafoe, A., Scharre, P., 

Zeitzoff, T., Filar, B., Anderson, H., Roff, H., Allen, G. C., Steinhardt, J., Flynn, C., Ó hÉigeartaigh, 

S., Beard, S., Belfield, H., Farquhar, S., … Amodei, D. (2018). The malicious use of artificial 

intelligence: Forecasting, prevention, and mitigation. ArXiv Preprint ArXiv:1802.07228. Google 

Scholar 

[119] Höhne, N., den Elzen, M., Rogelj, J., Metz, B., Fransen, T., Kuramochi, T., Olhoff, A., Alcamo, 

J., Winkler, H., Fu, S., Schaeffer, M., Höhne, N., den Elzen, M., Rogelj, J., Metz, B., Fransen, T., 

Kuramochi, T., Olhoff, A., Alcamo, J., … Schaeffer, M. (2020). Emissions: World has four times 

the work or one-third of the time. Nature, 579, 25–28. Google Scholar 

[120] Gabriel, I. (2020). Artificial intelligence, values, and alignment. Minds and Machines, 30(3), 411–

437. Google Scholar 

[121] Gardiner, S. M. (2011). A perfect moral storm: The ethical tragedy of climate change. Oxford 

University Press. (p. 125). Google Scholar 

[122] Bojowald, M. (2013). Back to the beginning of quantum spacetime. Physics Today, 66(3), 35-41. 

Google Scholar 

[123] Yampolskiy, R. V. (2012). Leakproofing the singularity: Artificial intelligence confinement 

problem. Journal of Consciousness Studies, 19(1-2), 194-214. (p. 2). Google Scholar 

[124] Lenton, T. M. (2013). Environmental tipping points. Annual Review of Environment and 

Resources, 38, 1-29. (p. 4). Google Scholar 

[125] Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E. F., ... & Foley, J. A. 

(2009). A safe operating space for humanity. Nature, 461(7263), 472-475. (p. 4). Google Scholar 

https://onlinelibrary.wiley.com/doi/abs/10.1111/1758-5899.12002
https://academic.oup.com/pq/article-abstract/66/262/196/2460870
https://www.nature.com/articles/d41586-019-03595-0
https://www.pnas.org/doi/abs/10.1073/pnas.1810141115
https://www.pnas.org/doi/abs/10.1073/pnas.1810141115
https://books.google.com/books?hl=en&lr=&id=Gg-TDwAAQBAJ&oi=fnd&pg=PA21&dq=Russell,+S.+(2019).+Human+compatible:+Artificial+intelligence+and+the+problem+of+control.+Viking.+(p.+150).+&ots=qo1KXJchK3&sig=wDOc-P6rMNFyAJiRxO_5l5caw_Y
file:///C:/Users/psait/OneDrive/Desktop/Masson-Delmotte,%20V.,%20Zhai,%20P.,%20Pirani,%20A.,%20Connors,%20S.%20L.,%20Péan,%20C.,%20Berger,%20S.,%20...%20&%20Zhou,%20B.%20(2021).%20Climate%20change%202021:%20the%20physical%20science%20basis.%20Contribution%20of%20working%20group%20I%20to%20the%20sixth%20assessment%20report%20of%20the%20intergovernmental%20panel%20on%20climate%20change,%202(1),%202391.
https://www.pnas.org/doi/abs/10.1073/pnas.1511451112
https://www.jair.org/index.php/jair/article/view/11222
https://arxiv.org/abs/1802.07228
https://arxiv.org/abs/1802.07228
https://www.nature.com/articles/d41586-020-00571-x
https://link.springer.com/article/10.1007/s11023-020-09539-2
https://books.google.com/books?hl=en&lr=&id=0PPt8mTS8dcC&oi=fnd&pg=PP1&dq=Gardiner,+S.+M.+(2011).+A+perfect+moral+storm:+The+ethical+tragedy+of+climate+change.+Oxford+University&ots=20iWGz_0os&sig=TsfNyekJ3KTh7VlSA_c2B77Rmss
https://pubs.aip.org/physicstoday/article/66/3/35/414365
https://books.google.com/books?hl=en&lr=&id=tRCgDQAAQBAJ&oi=fnd&pg=RA4-PT142&dq=Yampolskiy,+R.+V.+(2012).+Leakproofing+the+singularity:+Artificial+intelligence+confinement+problem.+Journal+of+Consciousness+Studies,+19(1-2),+194-214.+&ots=H3ymTuM2FH&sig=K3H72q8Je4TckQMcigy0lO-dKVc
https://www.annualreviews.org/content/journals/10.1146/annurev-environ-102511-084654
https://www.nature.com/articles/461472a


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 78 

 

 

[126] Scharre, P. (2018). Army of none: Autonomous weapons and the future of war. W. W. Norton & 

Company. (p. 12). Google Scholar 

[127] Raworth, K. (2017). *Doughnut economics: Seven ways to think like a 21st-century economist*. 

Chelsea Green Publishing. (p. 52). Google Scholar 

[128] Bostrom, N. (2013). Existential risk prevention as global priority. Global Policy, 4(1), 15-

31. Google Scholar 

[129] Korinek, A. (2020). Preparing for the (non-existent?) future of work. NBER Working Paper No. 

26898. National Bureau of Economic Research. (p. 15). Google Scholar 

[130] UNESCO. (2005). The precautionary principle. World Commission on the Ethics of Scientific 

Knowledge and Technology. UNESCO Publishing. (p. 14). Google Scholar 

[131] Beauchamp, T. L., & Childress, J. F. (2019). Principles of biomedical ethics (8th ed.). Oxford 

University Press. (p. 153). Google Scholar 

[132] Shue, H. (2014). Climate justice: Vulnerability and protection. Oxford University Press. (p. 4). 

Google Scholar 

[133] Weiss, E. B. (1990). In fairness to future generations. Environment: Science and Policy for 

Sustainable Development, 32(3), 6-31. (p. 20). Google Scholar 

[134] Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E. F., ... & Foley, J. A. 

(2009). A safe operating space for humanity. Nature, 461(7263), 472-475. (p. 472). Google 

Scholar 

[135] Bostrom, N. (2014). Superintelligence: Paths, dangers, strategies. Oxford University Press. (p. 

118). Google Scholar 

[136] Brundage, M., Avin, S., Clark, J., Toner, H., Eckersley, P., Garfinkel, B., ... & Amodei, D. (2018). 

The malicious use of artificial intelligence: Forecasting, prevention, and mitigation. ArXiv Preprint 

ArXiv:1802.07228. (p. 5). Google Scholar 

[137] Scharre, P. (2018). Army of none: Autonomous weapons and the future of war. W. W. Norton & 

Company. (p. 245). Google Scholar 

[138] Shevlane, T., Farquhar, S., Garfinkel, B., Phuong, M., Whittlestone, J., Leung, J., ... & Dafoe, A. 

(2023). Model evaluation for extreme risks. ArXiv Preprint ArXiv:2305.15324. Google Scholar 

[139] Raji, I. D., Gebru, T., Mitchell, M., Buolamwini, J., Lee, J., & Denton, E. (2020). Saving face: 

Investigating the ethical concerns of facial recognition auditing. In Proceedings of the AAAI/ACM 

Conference on AI, Ethics, and Society (pp. 145-151). Google Scholar 

[140] National Academies of Sciences, Engineering, and Medicine. (2016). Gene drives on the horizon: 

Advancing science, navigating uncertainty, and aligning research with public values. The National 

Academies Press. Google Scholar 

[141] Korinek, A. (2020). Preparing for the (non-existent?) future of work. NBER Working Paper No. 

26898. National Bureau of Economic Research. Google Scholar 

[142] Luccioni, A. S., Viguier, S., & Ligozat, A. L. (2023). Estimating the carbon footprint of BLOOM, 

a 176B parameter language model. Journal of Machine Learning Research, 24(253), 1-15. Google 

Scholar 

[143] Nordmann, A. (2007). If and then: A critique of speculative nanoethics. NanoEthics, 1(1), 31-

46. (p. 31). Google Scholar 

[144] Häder, M., & Häder, S. (1995). Delphi und Kognitionspsychologie: Ein Zugang zur theoretischen 

Fundierung der Delphi-Methode. [Delphi and cognitive psychology: An approach to the 

theoretical foundation of the Delphi method]. ZUMA Nachrichten, 19(37), 8-34. Google Scholar 

https://dl.acm.org/doi/abs/10.5555/3265201
https://books.google.com/books?hl=en&lr=&id=bXSrEAAAQBAJ&oi=fnd&pg=PA1&dq=Raworth,+K.+(2017).+*Doughnut+economics:+Seven+ways+to+think+like+a+21st-century+economist*.+Chelsea+Green+Publishing.+(p.+52).+&ots=r-QZy-YRW3&sig=P8IVjqJ5Q16_1LlHfmREgJZDTsk
https://onlinelibrary.wiley.com/doi/abs/10.1111/1758-5899.12002
https://www.nber.org/papers/w30172
https://www.sidalc.net/search/Record/dig-unesdoc-ark%3A-48223-pf0000139578/Description
http://www.christweedt.com/Virtue.pdf
https://books.google.com/books?hl=en&lr=&id=8BWeAwAAQBAJ&oi=fnd&pg=PP1&dq=Shue,+H.+(2014).+Climate+justice:+Vulnerability+and+protection.+Oxford+University+Press.+(p.+4).+&ots=7FmORDQO0o&sig=0JG3wYvftBnEpKS4gZXyPMRzI1I
https://policycommons.net/artifacts/20173602/in-fairness-to-future-generations/21074127/
https://www.nature.com/articles/461472a
https://www.nature.com/articles/461472a
https://academic.oup.com/pq/article-abstract/66/262/196/2460870
https://arxiv.org/abs/1802.07228
https://dl.acm.org/doi/abs/10.5555/3239701
https://arxiv.org/abs/2305.15324
https://dl.acm.org/doi/abs/10.1145/3375627.3375820
https://books.google.com/books?hl=en&lr=&id=SyNCDgAAQBAJ&oi=fnd&pg=PR1&dq=National+Academies+of+Sciences,+Engineering,+and+Medicine.+(2016).+Gene+drives+on+the+horizon:+Advancing+science,+navigating+uncertainty,+and+aligning+research+with+public+values.+The+National+Academies+Press.+&ots=Tvm00tmbqP&sig=SRC14U6Z3WzyqUEpujqyzPWXRso
https://www.nber.org/papers/w30172
http://www.jmlr.org/papers/v24/23-0069.html
http://www.jmlr.org/papers/v24/23-0069.html
https://link.springer.com/article/10.1007/s11569-007-0007-6
https://www.ssoar.info/ssoar/handle/document/20888


Poornaprajna International Journal of Basic & Applied Sciences 

(PIJBAS), Vol. 2, No. 2, July - December 2025 

POORNAPRAJNA 

PUBLICATION 

P. S. Aithal, (2025); www.poornaprajnapublication.com PAGE 79 

 

 

[145] Aithal, P. S., & Aithal, S. (2019, October). Management of Universal Technologies & their 

Industry Implications. In Proceedings of International Conference on Emerging Trends in 

Management, IT and Education (Vol. 1, No. 2, pp. 318-328). Google Scholar 

[146] Dakos, V., Carpenter, S. R., Brock, W. A., Ellison, A. M., Guttal, V., Ives, A. R., ... & Scheffer, 

M. (2012). Methods for detecting early warnings of critical transitions in time series illustrated 

using simulated ecological data. PLOS ONE, 7(7), e41010. (p. 344). Google Scholar 

[147] Tolk, A., Diallo, S. Y., Padilla, J. J., & Herencia-Zapana, H. (2013). Reference modelling in 

support of M&S—foundations and applications. Journal of Simulation, 7(2), 69-82. Google 

Scholar 

[148] Biermann, F., & Kim, R. E. (2020). The boundaries of the planetary framework: A critical 

appraisal of proposals for additional planetary boundaries. Anthropocene Review, 7(1), 21-

36. Google Scholar 

[149] Hadfield, G. K. (2017). Rules for a flat world: Why humans invented law and how to reinvent it 

for a complex global economy. Oxford University Press. (p. 5). Google Scholar 

[150] Scharre, P. (2018). Army of none: Autonomous weapons and the future of war. W. W. Norton & 

Company. (p. 245). Google Scholar 

[151] Bostrom, N. (2013). Existential risk prevention as global priority. Global Policy, 4(1), 15–

31. Google Scholar 

[152] Gardiner, S. M. (2011). A perfect moral storm: The ethical tragedy of climate change. Oxford 

University Press. Google Scholar 

[153] Dakos, V., Carpenter, S. R., Brock, W. A., Ellison, A. M., Guttal, V., Ives, A. R., ... & Scheffer, 

M. (2012). Methods for detecting early warnings of critical transitions in time series illustrated 

using simulated ecological data. PLOS ONE, 7(7), e41010. Google Scholar 

[154] Grace, K., Salvatier, J., Dafoe, A., Zhang, B., & Evans, O. (2018). Viewpoint: When will AI 

exceed human performance? Evidence from AI experts. Journal of Artificial Intelligence Research, 

62, 729–754. Google Scholar 

[155] Brundage, M., Avin, S., Clark, J., Toner, H., Eckersley, P., Garfinkel, B., ... & Amodei, D. (2018). 

The malicious use of artificial intelligence: Forecasting, prevention, and mitigation. ArXiv Preprint 

ArXiv:1802.07228. Google Scholar 

[156] Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F. S., Lambin, E. F., ... & Foley, J. A. 

(2009). A safe operating space for humanity. Nature, 461(7263), 472–475. Google Scholar 

[157] UNESCO. (2005). The precautionary principle. World Commission on the Ethics of Scientific 

Knowledge and Technology. UNESCO Publishing. Google Scholar 

[158] Fischhoff, B. (2013). The sciences of science communication. Proceedings of the National 

Academy of Sciences, 110(Supplement 3), 14033–14039. Google Scholar 

 

******* 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3497813
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041010
https://www.tandfonline.com/doi/abs/10.1057/jos.2013.3
https://www.tandfonline.com/doi/abs/10.1057/jos.2013.3
https://www.annualreviews.org/content/journals/10.1146/annurev-environ-012320-080337
https://books.google.com/books?hl=en&lr=&id=rt0oDQAAQBAJ&oi=fnd&pg=PP1&dq=Hadfield,+G.+K.+(2017).+Rules+for+a+flat+world:+Why+humans+invented+law+and+how+to+reinvent+it+for+a+complex+global+economy.+Oxford+University+Press.+&ots=SNGe6D_464&sig=q16YxrE25yWAZmy6YH4DoXs5in0
https://dl.acm.org/doi/abs/10.5555/3239701
https://onlinelibrary.wiley.com/doi/abs/10.1111/1758-5899.12002
https://books.google.com/books?hl=en&lr=&id=0PPt8mTS8dcC&oi=fnd&pg=PP1&dq=Gardiner,+S.+M.+(2011).+A+perfect+moral+storm:+The+ethical+tragedy+of+climate+change.+Oxford+University+Press.+&ots=20iWGAY8kt&sig=IBMOPYkCgeITgoN3FjVbfghE_CY
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0041010
https://www.jair.org/index.php/jair/article/view/11222
https://arxiv.org/abs/1802.07228
https://www.nature.com/articles/461472a
https://www.sidalc.net/search/Record/dig-unesdoc-ark%3A-48223-pf0000139578/Description
https://www.pnas.org/doi/abs/10.1073/pnas.1213273110

