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Abstract


While the quantum emergence of spacetime is becoming a major research topic in physics, the quantum emergence of intelligence has not been widely researched in quantum information science (QIS). Following causal-logical quantum gravity theory, bipolar entropy vs. entropy and negative entropy (or negentropy) are reviewed and distinguished for quantum emergence/submergence of quantum agent (QA) and quantum intelligence (QI) in algebraic terms. This work refers to QA as an entangled bipolar string/superstring in bipolar dynamic equilibrium (BDE) and QI being centered on logically definable causality in regularity, mind-light-matter unity, and brain-universe similarity. ER = EPR is extended to ER ≥≥ EPR for the mathematical scalability of bipolar strings and their collective entanglement. The extension leads to a number of conjectures, testable predictions, and theorems. The term “equilibraton” is proposed as a type of EPR or bipolar generic string to serve as an entropic stitch to collectively hold the universe together as a quantum entanglement in BDE with ubiquitous, regulated local emergence and submergence of QA&QI. Equilibraton leads to the concept of bipolar entropy square—a complete entropic solution to the background issue in quantum gravity. With complete background independence, energy/information conservational bipolar entropy, energy/information invariance, bipolar entropy non-additivity, and equilibrium-based plateau concavity are introduced. The nature of the one-dimensional arrow of time is conjectured. As a unification of order and disorder for equilibrium-based regulation, bipolar entropy bridges QA&QI to agentic AI, where quantum-bio-economics can be viewed as a topological intervention of a natural dynamic equilibrium in a social or natural world. Use cases are reviewed to illustrate the practical and theoretical aspects of bipolar entropy in business management, quantum-bio-economics, quantum cryptography, physics, and biology. Eddington–Einstein’s comments on entropy are revisited. It is expected that bipolar entropy will bring quantum emergence/submergence to agentic AI&QI for entangled machine thinking and imagination as a naturally scalable and testable foundation of real-world quantum gravity, quantum information science (QIS), quantum cognition and quantum biology (QCQB) to enhance Large Language AI Models (LLMs) and machine intelligence.
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1. Introduction


Bipolar entropy [1] vs. entropy [2,3] and negative entropy or negentropy [4] are reviewed and distinguished using the new concepts of equilibraton, bipolar entropy square, collective entanglement of bipolar strings, energy/information-conservational bipolar entropy, energy/information invariance, bipolar entropy non-additivity, and equilibrium-based plateau-concavity. This work is focused on agentic quantum emergence/submergence based on global realism with bipolar strings (GRBS)—a causal-logical quantum gravity theory [1]. In this context, a quantum agent (QA) is referred to as a bipolar string or entanglement in bipolar dynamic equilibrium (BDE); quantum intelligence (QI) is centered on logically definable causality in regularity, mind-light-matter unity, causal-logical interpretation of quantum superposition/entanglement, and brain-universe similarity. Thus, QA&QI forms a background-independent causal-logical paradigm, distinct from quantum-mechanical misinterpretations that assume background-dependent domination.



It is shown that, with complete background independence, bipolar entropy as a unification of order and disorder, as well as entropy and negentropy, can be used for the collective regulation of bipolar strings as ubiquitous quantum entanglement for quantum emergence/submergence toward agentic AI&QI. It is further posited that QI is the origin of AI and biological intelligence (BI).



The well-known theoretical physics conjecture ER = EPR in string theory is extended to ER ≥≥ EPR as a scalable set-theoretic comparison in bipolar string theory. With the extension, ER can be an EPR or a bipolar superstring greater than EPR. The extension gives room for EPRs to be generic bipolar strings or equilibratons [5] that, as bipolar entropic stitches are proposed to collectively hold the multiple worlds (or universes) together as one unifying universe in a global equilibrium with ubiquitous local emergence/submergence of QAs for agentic AI&QI.



It is shown that bipolar entropy with ER ≥≥ EPR provides a naturally scalable and testable mathematical physics foundation for real-world quantum gravity, quantum information science (QIS), quantum cognition, and quantum biology (QCQB). Use cases are reviewed to illustrate the practical and theoretical aspects of bipolar entropy in business management, quantum-bio-economics, pre- and post-quantum cryptography, physics, and biology. It is expected that bipolar entropy will bring agentic quantum emergence/submergence to AI&QI, suitable for topological, quantum, and molecular information approaches to computation and intelligence [6,7].



This work follows the set-theoretic definitions of bipolarity, bipolar strings, and bipolar entropy [1,8]. It is assumed that action-reaction, particle-antiparticle, and/or input-output bipolarity constitutes the most fundamental property of nature [9], and a bipolar string is a bipolar quantum agent (QA or BQA) in bipolar dynamic equilibrium (BDE) characterized by a bipolar logical/algebraic state of a bipolar quantum entanglement (BQE) [8,9,10,11,12,13,14]. A bipolar generic string is a string with elementary negative-positive (−, +) poles that cannot be further decomposed. The two poles can alternate until they collapse. A bipolar superstring is a composite and/or an entangled set of multiple bipolar generic strings and/or bipolar superstrings. Bipolar strings as generic or composite quantum superposition and/or entanglement can form (emerge) and collapse (submerge); collapsed bipolar strings as unbalanced bipolar strings remain part of the global BDE that can be entangled again.



As a set-theoretic regulating measure, bipolar entropy is designated a normalized bipolar string itself for bipolar regulation. It takes the meaning of bipolarity from the ubiquitous existence of dipoles [15,16]. This interpretation unifies order and disorder as a regulated BDE but rules out the disorder-only chaotic interpretation of bipolarity. Thus, bipolar entropy restores the primordial interpretation of bipolar dynamic coexistence and interaction for equilibrium-based and harmony-centered global regulation based on bipolar sets, bipolar fuzzy sets (BFSs) [8,17,18], bipolar dynamic logic (BDL), bipolar universal modus ponens (BUMP), bipolar dynamic fuzzy logic (BDFL), bipolar quantum linear algebra (BQLA), bipolar quantum cellular automata (BQCA), and YinYang bipolar relativity [8]. Eventually, the bipolar paradigm led to global realism with bipolar strings or GRBS [1] that unifies Albert Einstein’s local realism [19] with Niels Bohr’s quantum non-locality [20] with logically definable causality in bipolar universal modus ponens (BUMP).



While truth-based unipolar entropy in both thermodynamics and information theory, positive or negative, are focused on achieving and maintaining concavity or convexity, additivity, and invariance properties of background-dependent, linear, local systems, they lack the bipolar dynamic equilibrium-based regulation property for energy/information conservation, regeneration (emergence or growth) and degeneration (submergence or aging) of collective quantum entanglement of QAs for QI. Bipolar entropy as an equilibrium-based normalization of reality for global regulation comes to fill the gap. With bipolar entropy square and equilibrium-based plateau-concavity in complete background-independence, bipolar entropy matrix as a multidimensional, equilibrium-based, regulating structure for collective quantum entanglement of bipolar strings makes the ubiquitous emergence and submergence of QAs possible for agentic AI&QI [1,21].



Use cases are reviewed to show that bipolar entropy and bipolar entropy matrix, as newly coined terms, have been researched/applied for decades with alternative names such as “bipolar strings” [8,14,22], “normalized bipolar matrix” or “bipolar quantum logic gate” (BQLG) [23]. This review is to complete the logical theory with new concepts and theoretical development focused on the algebraic aspect.



Section 1 is an introduction.



Section 2 presents a literature review on the basic concepts of classical entropy, negative entropy, and bipolar entropy. Limitations of unipolar truth-based entropy measures are identified. The significance of bipolar equilibrium-based entropy is reviewed. Modern quantum information theory frameworks/transformer-based AI models are briefly reviewed with limitations identified.



Section 3 adapts the ER = EPR conjecture in string theory to ER ≥≥ EPR for the scalability and testability of bipolar strings and bipolar entropy. “Equilibraton” is coined as an EPR or a generic bipolar string that, for the first time, links quantum entanglement to global equilibrium. Collective entanglement of bipolar strings, energy/information invariance, bipolar entropy square, and equilibrium-based plateau-concavity are proposed for QA emergence-maturity-submergence regulated by bipolar entropy. QA is bridged to agentic AI&QI with testable predictions supported by the three proofs of the theorems.



Section 4 presents a review of use cases to illustrate different applications of bipolar entropy in supply chain management, quantum-bio-economics, quantum cryptography, quantum physics, quantum biology, and quantum cognition.



Section 5 presents an analysis and discussion. Albert Einstein’s famous comment on entropy is distinguished from Sir Arthur Eddington’s comment. The distinction further clarifies the unifying nature of bipolar entropy vs. unipolar entropy.



Section 6 consists of a few concluding remarks.




2. Literature Review


2.1. Entropy


Classical entropy is a scientific concept most commonly used for the states of disorder, randomness, or uncertainty. Together with energy, entropy constitutes a cornerstone of physics and information science (IS). French engineer and “father of thermodynamics” Sadi Carnot (1796–1832) laid the foundation [24] of thermodynamics and entropy by proposing that heat engines require a temperature difference to produce work, implying that heat is always wasted (energy dissipation). The word “entropy” was coined in 1865 by German physicist and mathematician Rudolf Clausius (1822–1888) along abstract lines focusing on thermodynamical irreversibility of macroscopic physical processes [2,3]. In 1870, Austrian physicist Ludwig Boltzmann made the genius connection between the microscopic motion of atoms and macroscopic thermodynamic properties, establishing the foundations of statistical mechanics [25,26]. American physicist, chemist, and mathematician Josiah Gibbs (1839–1903) [27,28] was another founding father of statistical mechanics and physical chemistry. While Boltzmann focused on the behavior of individual atoms, Gibbs pioneered the use of statistical ensembles—considering many virtual copies of a system—to derive the laws of thermodynamics. The extension to quantum mechanical systems was formalized by John von Neumann in 1927 [29], and the connections with the theory of communications and, more widely recognized, with the theory of information were introduced by Claude Shannon in 1948–1949 [30,31,32]. Since then, many new entropic functionals emerged in scientific and technological literature (ref. [33]).



Key aspects of normalized 0–1 entropy include:




	
zero entropy: indicates zero uncertainty; all elements belong to a single class, providing maximum purity.



	
maximum entropy: indicates maximum uncertainty, typically occurring with a 50/50 split in a binary system (maximum disorder).



	
range interpretation: values closer to 0 represent high purity, while values closer to 1 represent high randomness or low purity.



	
calculation: calculated or normalized for systems with more than two classes.








Hilbert space [34] is believed by most modern physicists to be the quantum geometry [35] and statistical information geometry [36,37]. Hilbert space is seen as more fundamental than Euclidean geometry for entropy. At the deepest level, such as quantum gravity, researchers argue that “geometry is entropy,” meaning the physical dimensions we perceive (like Euclidean 3D space) may actually be an emergent property of underlying entropic relationships between quantum states.



Basic Properties of Entropy. Entropy, as a fundamental concept in thermodynamics and information theory, measures the disorder, uncertainty, or unavailability of energy within a system. As a state function, its value depends only on the system’s current state, not how it reached that state. The three most fundamental properties of classical entropy include:




	(1)

	
Additivity (Extensivity). Entropy is an additive or extensive quantity. If a system is composed of independent subsystems, the total entropy is the sum of the entropies of its parts. Thus, entropy additivity assumes the independence of the subsystems.




	(2)

	
Invariance. Entropy often exhibits invariance properties. The entropy of a probability distribution remains unchanged if the order of probabilities is rearranged, and this is referred to as permutation invariance. In physics, entropy is a relativistic invariant; the number of microstates (and therefore entropy) remains the same regardless of the observer’s inertial frame of reference, and this is referred to as relativistic invariance.




	(3)

	
Concavity (Maximum Entropy Principle). Entropy is a concave function of the probability distribution (or of the system’s energy/volume parameters). This property implies that for a given amount of energy, the entropy is maximized when the system is in equilibrium. The concave nature means that mixing two different states or averaging two distributions generally increases or keeps the total entropy constant.










2.2. Negative Entropy


Negative entropy, often called negentropy or syntropy, was proposed by Austrian physicist Erwin Schrödinger (1887–1961). Schrödinger’s book What is Life? [4] stimulated research in quantum biology. He famously stated that life “feeds on negative entropy” [4]. But, in a later edition, he restated that the true source is free energy.



Contrary to standard entropy as a concave function of disorder, negative entropy is a convex function of order, organization, and information within a system. While standard entropy represents the natural tendency toward chaos, negative entropy represents the active maintenance or increase in structural complexity. Living organisms survive by importing “order” from their environment (food, sunlight) to export the entropy they naturally produce, thus delaying their decay into eternal equilibrium or death.



While Schrödinger introduced the general concept of “negative entropy” to explain biological order, Léo Brillouin was regarded as the first to formalize the term “negentropy”. He shortened Schrödinger’s phrase, bridged it to information theory [38], and generalized it into the mathematical domain. This distinction is crucial because while Claude Shannon viewed entropy as the potential for information (uncertainty at the source), Brillouin viewed negentropy as the realized information (the certainty gained at the destination).



Negative entropy has been applied in quantum mechanics (QM). Modern research suggests that in quantum entangled systems, “conditional entropy” can mathematically become negative. This allows for unique thermodynamic processes, such as gaining work while erasing information, which effectively cools the environment. Recent research results on negative entropy in quantum mechanics, quantum information science, and quantum cognition include but are not limited to the reported works in [39,40,41,42,43,44].




2.3. Limitations of Unipolar Entropy


Notably, in physics, background independence means a theory that does not rely on a fixed, pre-existing spacetime geometry. It has been a long-sought property in the quest for quantum gravity (QG) [45,46,47]. Without background independence, quantum emergence of spacetime, as well as any new concept in the human brain, would be impossible. Adaptive machine thinking and learning would be impossible [1]. It is stated [48]: “An urgent issue in both physics and the philosophy of physics is to work out exactly what is meant by ‘background independence’ in a way that satisfies all parties, that is formally correct, and that satisfies our intuitive notions of the concept”. The urgent issue remained logically unsolvable until BDL, BQG, BUMP, and GRBS theories were developed with a complete formal causal-logical QG solution [1,8].



Although Hilbert space and information geometry have been widely applied, especially in QM, QIS, and QG theories, the geometrical spaces are limited by their background-dependent probabilistic/statistical nature. Without bipolarity for equilibrium-based BQG, BDL, BQLA, and BUMP, logically definable causality in regularity is unreachable in Hilbert space, real-world quantum gravity [1] with mind-light-matter unity [9,10] and brain-universe similarity [49] is impossible, entangled machine thinking and imagination remained unimaginable in causal-logical terms, and global realism with bipolar strings [1] could not be reached for the unification of locality and quantum non-locality.



Many physicists agree that the final theory of quantum gravity ought to be background independent. But most mainstream theories, like QM, quantum field theory (QFT), and string theory, are well-known, predominantly background-dependent theories. They rely on a fixed, non-dynamical background space-time to define states, operators, and measurements, rather than allowing space-time geometry to evolve or emerge dynamically. Thus, any formal proof of complete background independence is viewed as a significant conceptual breakthrough that moves physics closer to a Theory of Everything (TOE). Notably, up to the present time, the GRBS theory [1,8] is the only formal causal-logical quantum gravity theory that claims complete background independence with BUMP in BDL/BQG. The key to the solution lies in the equilibrium-based causal-logical nature of the theory.



Notably, without bipolar dynamic equilibrium, general relativity (GR) [50,51] and loop quantum gravity (LQG) [52,53] became the most prominent “background independent” theories. Unfortunately, these theories are still being-centered and truth-based, that prevent them from going beyond spacetime to reach logically definable causality in regularity for complete background independence in spacetime transcendent equilibrium-based terms. In Einstein’s GR theory [50,51], spacetime is modeled as a four-dimensional manifold. The stage is the manifold itself that provides the raw set of points (events) and their connectivity. It tells you which points are “next to” each other. The manifold alone does not tell you how far apart points are or how time flows. For that, you must add a “metric” or ruler. Then, gravity is the curvature that tells what happens when matter and energy “warp” the geometry of this manifold stage. On the other hand, LQG is more background-independent than GR, but it still carries its own subtle “baggage.” While LQG removes the “metric” (the ruler) from the background entirely, it often still relies on a fixed topology (the global layout) of the space it is quantizing.



Classical entropy as a measure of disorder and negative entropy as a measure of order are both unipolar concepts originating from local realism. Bipolar entropy, on the other hand, originated from global realism with bipolar strings [1,8]. The former is truth-based; the latter is equilibrium-based, bipolar dynamic, and completely background independent, specifically for regulating quantum-entangled bipolar strings in BDE.



Limitations of Boltzmann entropy. Boltzmann’s work [25,26] was revolutionary because it proved the existence of atoms through statistics at a time when many scientists doubted they were real. His approach later influenced Max Planck [54] and became a bridge to quantum mechanics and information theory. Boltzmann defined entropy (S) as a measure of the number of possible microscopic arrangements (microstates, W) that result in the same observed macroscopic state (macrostate). His famous formula, now engraved on his tombstone, is


S = k ln W,








where S is entropy; k = 1.38 × 10−23 J/K is the Boltzmann constant; J/K (Joules per Kelvin) is the unit for entropy.



Background dependence is widely considered the major limitation of Boltzmann entropy. Its definition typically relies on a fixed, pre-existing geometric framework or an external observer’s knowledge to define microstates and macrostates. Unlike theories that are “background independent”, the standard Boltzmann formulation assumes a given manifold or phase space in which particles reside.



Limitations of Shannon entropy. Shannon information entropy is a measure of the average uncertainty in a random variable [30,31,32]. It quantifies the minimum number of bits required to encode information from a source. Typically, for a coin flip there are two (base = 2) outcomes (x1 and x2 respectively for up or down) each has a probability p = 0.5, the entropy is calculated as


      E ( x ) = −   ∑  i = 1   n     p (  x i  )   log b  p (  x i  )   =   − ( ( 0.5 )  log 2  ( 0.5 )   +   ( 0.5 )  log 2  ( 0.5 ) )       =   ( − 0.5   ×   ( − 1 ) )   +   ( − 0.5   ×   ( − 1 ) )   =   0.5   +   0.5   =   1 .      











Surprisingly, the result 1 in the base 2 case stands for “1 bit binary information is needed”—a typical example of Shannon information entropy. While Shannon entropy is claimed background independent, it is limited to unipolar classical bits, not quantum physical, and not equilibrium-based bipolar interactive. Thus, it lacks the dynamics for quantum emergence of spacetime and agentic AI/QI.



Limitations of von Neumann entropy. Different from Shannon entropy, von Neumann entropy, as a quantum mechanical extension, can be used to describe quantum states including entanglement [29]. In standard quantum information theory, however, von Neumann entropy is basis-independent, but it takes its background from quantum mechanics in Hilbert space. Thus, it achieves basis independence where von Neumann entropy (S) depends only on the eigenvalues of the density matrix (ρ). Because the trace is invariant under unitary transformations, S(ρ) remains the same regardless of which orthonormal basis (coordinate system in Hilbert space) you choose to represent the state. Similarly, von Neumann quantum logic is based on Hilbert space [55].



While von Neumann entropy is widely used as quantum entropy and is claimed to be mathematically background-independent in its abstract Hilbert space form, its application in physics almost always sneaks a “background” back in—a major tension in physics. As reviewed earlier, LQG provides such an example. LQG claims to be the “king” of background independence among all quantum gravity theories because it does not assume a pre-existing stage of space. However, LQG uses Spin Networks. While the network is the space, the topology (how the nodes are connected) acts as a structural background. Entropy is calculated based on “quanta of area” puncturing a surface. This surface is often a “boundary” which, in practice, serves as a fixed reference or background for the calculation. Quantum Entropy as Geometry is another example. Following Hawking’s initial idea that entropy is geometry [56], many works have appeared in the research area of quantum entropy and geometry. However, without a complete causal-logical solution to background independence, researchers could not find a definitive battleground for quantum gravity. Subsequently, quantum measurement was once taken as a definitive battleground in QM that led to the “Shut up and calculate!” spirit as ironized in [57].



AI Use of Entropy. While standard large language AI models (or LLMs) use Shannon entropy as information for next-token prediction, von Neumann entropy is increasingly used as quantum entropy in machine learning of transformer-based LLMs, such as in foundational transformer models [58,59,60], modern entropy-based AI analysis [61,62], and quantum transformer frameworks [63,64].



Transformer-based AI models are a class of neural networks that process sequential data by analyzing all parts of a sequence simultaneously rather than word-by-word. First introduced by Google [58], this architecture has become the foundation for nearly all modern generative AI systems, including latest ChatGPT-5. The defining feature of a transformer is its ability to understand context through several key components:




	▪

	
Self-Attention: This mechanism allows the model to weight the importance of different words in a sentence, regardless of their distance from each other. For example, in the sentence “The animal did not cross the street because it was too tired,” self-attention helps the model identify that “it” refers to the “animal”.




	▪

	
Positional Encoding: Since transformers process data in parallel, they lack an inherent sense of order. Positional encoding adds “tags” to data elements to preserve their relative positions in a sequence.




	▪

	
Parallel Processing: Unlike older Recurrent Neural Networks (RNNs) that processed data step-by-step, transformers can handle entire sequences at once, making them significantly faster to train and more scalable.









Different models use different parts of the original transformer structure (Encoder–Decoder) depending on their primary task. Popular transformer architectures include, but are not limited to:




	▪

	
Encoder-Only (BERT): Excellent for understanding language, sentiment analysis, and text classification.




	▪

	
Decoder-Only (GPT series, Llama, Claude): Optimized for generating text by predicting the next token in a sequence.




	▪

	
Encoder–Decoder (T5, original Transformer): Often used for translation or summarization, where an input is converted into a different output.









Famous in Large Language Models (LLMs), transformer technology has expanded into other fields beyond text, including but not limited to:




	▪

	
Computer Vision: Vision Transformers (ViTs) break images into “patches” to process them like text tokens for object detection and image segmentation.




	▪

	
Healthcare: Used to analyze DNA sequences and protein folding structures to speed up drug discovery.




	▪

	
Audio and Robotics: Powering speech recognition and complex “world models” for autonomous agents.









Key Limitations of Transformer Technology. Despite their power, these models face challenges such as high computational and energy costs, a lack of causal-logical transparency in decision-making, and fixed “context windows” that limit how much information they can recall at once. Thus, a key limitation of these models is their lack of logically definable causality in regularity for quantum emergence with entangled machine thinking and imagination (EMTI) [1]. EMTI with BDL, BUMP, and bipolar entropy could be exactly what they need to go beyond their limitations.



Limitations of Negative Entropy. In standard physics and information theory, negentropy or negative entropy is not background independent. Because it is defined relative to a specific state or system, it inherits the “background” dependencies of the entropy measure it is based on. When using the von Neumann entropy to define quantum negentropy, it inherits basis independence. Like von Neumann entropy, it is invariant under unitary transformations (rotations in Hilbert space). It remains “background-dependent” because it requires a pre-defined Hilbert space and often a fixed spacetime metric to define the system and its subsystems.



In thermodynamics, negentropy is often a measure of the “free energy” or the order imported by a system (like a biological organism) from its environment.



	
Relativity: Negentropy is always described relative to the entropy of the surroundings.



	
Dependency: This makes it strictly dependent on the physical “background”—the specific environmental conditions (temperature, pressure, and geometry) that define the “maximum entropy” state of that system.






On a local scale in thermodynamics, negative entropy occurs when a system becomes more ordered. For example, when water freezes into ice or when a messy room is cleaned. However, the second law of thermodynamics dictates that these local gains in order must be paid for by a larger increase in disorder elsewhere in the universe. This observation suggests that (1) unipolar entropy is insufficient, and (2) bipolar entropy is needed for unifying order and disorder.




2.4. Bipolar Entropy


Not only can bipolar entropy in the bipolar fuzzy set lattice [−1, 0] × [0, +1] [8,17,18] unify order and disorder or entropy and negentropy, but it also bridges AI and QI. When a normalized bipolar entropy has an absolute value |(x, y)| = |x| + |y| = 1.0, it is an energy/information conservational normalization of reality for QAQI. Otherwise, the normalization leads to agentic AI/QI. Evidently, AI and QI can be intertwined.



Despite the great significance of classical entropy in the classical world, bipolar entropy makes it possible to unify the classical and the quantum worlds. The bipolar approach is equilibrium-based, causal-logical, top-down/bottom-up, and holistic in nature. Notably, entropy and negentropy are unipolar being-centered, truth-based, and atomistic without bipolar interaction in background independent geometrical terms [8,13].



Classical truth-based entropy in both thermodynamics and information theory is fundamentally focused on achieving and maintaining concavity, additivity, and invariance properties. These properties are essential for ensuring that entropy acts as a reliable, consistent measure of disorder, uncertainty, or information from an atomistic bottom-up perspective. Without bipolarity for bipolar dynamic equilibrium, truth-based being-centered logic cannot reach logically definable causality in regularity and mind-light-matter unity because truth-based reasoning is housed within spacetime, and cannot reach background independence for spacetime emergence, such as quantum agent emergence for QI and AI as entangled bipolar strings.



On the other hand, bipolar strings can be collectively entangled into a global bipolar dynamic equilibrium or BDE with complete background independence for quantum emergence and submergence. With background independence, a global BDE is actually multidimensional in nature, such as the cost-revenue of a company is the total of the subtotals of all its divisions. This enables bipolar entropy to be derived from a normalization of reality for energy/information conservation, regeneration, and degeneration. The key is that bipolar strings and bipolar entropy are completely background-independent, while unipolar entropy is either non-physical, such as Shannon entropy, or background-dependent, such as Boltzmann and von Neumann entropy.



For instance, with bipolarity and complete background independence, the input-output bipolar string (−100, +300), physical or biological, can be easily normalized to a bipolar entropy measure for holistic regulation.


(−x, +y) = (−100, +300)/400 = (−100/400, +300/400) = (−0.25, +0.75),








where the base 400 is the absolute total |(−100, +300)| = |−100|+|300| = 400. In this case, |(−x, +y)| = |(−0.25, +0.75)| = 1. The bipolar entropy (−x, +y) = (−0.25, +0.75) is a normalized reality for regulating the input-output of a bipolar QA for QI with information conservation, such as (−0.25, +0.75) × (−100, +300) = (−150, +250) where |(−150, +250)| ≡ |(−100, +300)| ≡ 400.



While the above example is a single isolated case, in real applications, multiple input-output pairs could be entangled to form a network, such as in supply chain management and international trade. In that case, the base could be the absolute total of all input-output pairs; the entropy measures would form an entropy matrix for intelligent energy/information rebalancing and coordination. It shows that not only can bipolar entropy unify real-world disorder and order or entropy and negentropy but also enables AI and QI agents to emerge and submerge as quantum entanglement of bipolar strings. While the unipolar truth-based nature of entropy or negentropy prevents classical entropy from regulating an entangled bipolar string collection as an emergent agent, bipolar entropy and bipolar entropy matrix with bipolar interaction can fill in the gap naturally for ubiquitous quantum entanglement [8,65] with mind-light-matter unitary AI&QI [1,9,10].



It is noted in [1], without YinYang bipolar complementarity for equilibrium-based bipolar sets, logic, and algebra [8,17,18], standard entropy and negative entropy as unipolar concepts could not free Schrödinger from truth-based and being-centered singularity. As a result, he stopped short of inventing bipolar entropy to unify order and disorder—a key step for Nature’s bipolar coexistence/interaction to reach logically definable causality [8], mind-light-matter unity [9,10,66], causal-logical quantum entanglement and quantum gravity [1,13,14], global realism with bipolar strings or GRBS [1]. Subsequently, without equilibrium-based bipolarity, entropy and negentropy cannot perform the collective regulating function for bipolar quantum entanglement/superposition. As a result, Schrödinger’s Cat paradox (Schrödinger 1935) [67] remained a mystery for nearly a century.



With (−,+) bipolarity, the Cat paradox is resolved with BDL for bipolar strings with complete background independence. Entangled bipolar strings can follow a causal-logical pattern defined by BUMP. Given bipolar strings b1, b2, b3, b4, and let ∗ be any bipolar logical operator, BUMP states



[(b1 ⇒ b2)&(b3 ⇒ b4)] ⇒ [(b1∗b3) ⇒ (b2∗b2)]; or [(b1 ⇔ b2)&(b3 ⇔ b4)] ⇒ [(b1∗b3) ⇔ (b2∗b4)].



While BUMP provides definable causality in logical terms, bipolar entropy and bipolar entropy matrix provide the bipolar algebraic measures for QAQI [8,23,68]. Thus, a bipolar entropy matrix is defined as a holistic regulatory structure for the unification of order and disorder of reality as a quantum entangled collection of bipolar strings in dynamic equilibria or non-equilibria [1,8]. Formally, bipolar entropy is defined as a normalized elementary regulatory measure in the bipolar fuzzy (quantum) lattice [−1, 0] × [0, +1]; a bipolar entropy matrix is defined as a holistic regulatory matrix of bipolar entropy measures [1].



It is pointed out [1] that “Since a perfect bipolar energy/information equilibrium can be characterized by the bipolar logical or bipolar entropy value (−1, +1), its truth-based representation can be calculated as |−1 + 1| = 0, the lowest disorder measure for a perfect bipolar equilibrium. On the other hand, a bipolar non-equilibrium can be characterized by the value (−1, 0) or (0, +1); its truth-based representation can be calculated as |−1 + 0| = 1 or |0 + 1| = 1, the highest disorder measure for a bipolar non-equilibrium. While in the truth-based unipolar case, 0 shows no disorder but no representation of non-existence, (0, 0) shows non-existence in the bipolar case. In the bipolar fuzzy case, order and disorder are unified. For instance, (−0.5, +0.7) = {(−0.5, +0.5) + (0, +0.2)}, where (−0.5, +0.5) shows the balance or order, and (0, +0.2) shows the disorder.” (Note: When the bipolar logical value (−1,+1) is used as a regulative entropy measure, it leads to balanced, fast, ordered growth, but not energy/information conservational.)



With a normalized bipolar matrix [8,14] as a bipolar entropy matrix [1], bipolar energy/information can be conserved, regenerated, or degenerated in an entangled structure named bipolar quantum cellular automaton (BQCA) modeled with BQLA [8]. Equations (1a)–(1c) provide the elementary equations for the transformation of a bipolar quantum superposition to an entangled BQCA, where E(t) is a bipolar column vector and M(t) a BQLG [23] as a specific type of BQLA matrix at time t (See use case in Section 4).



For ∀(x, y), (u, v) ∈ B∞ = [−∞, 0] × [0, +∞], we have the elementary operations:




	
Bipolar Elementary Multiplication/Interaction:










(x, y) × (u, v) = (xv + yu, xu + yv);



(1a)







	
Bipolar Elementary Addition/Superposition:







(x, y) + (u, v) = (x + u, y + v)



(1b)





	
Bipolar Quantum Cellular Automaton (BQCA):







E(t + 1) = M(t) × E(t).



(1c)





Why do we need BQLG, BQLA, and BQCA while linear algebra has been taught in college algebra classes for centuries? A simple answer [1] is that classical linear algebra (LA) cannot accommodate the non-linear bipolar dynamic coexistence of equilibrium information. For instance, let (−0.1, +0.1) and (−1,000,000, +1,000,000) be different I/O bipolar balances, with LA, we have the information loss (−0.1 + 0.1) = (−1,000,000 + 1,000,000) = 0.



With BQLA, let the absolute bipolar elementary energy |ε|(x, y) = |x| + |y|; let C(t) be input-output energy/information matrix; let M(t) = normalize(CT(t))); and let |εcol|M∗j(t) be the energy/information of the j column, M(t) forms a BQLG [23,69], and we have Equations (2a)–(2c) for a BQCA.



	
Energy/Information Conservation: ∀j, |εcol|M∗j(t) = 1.0,


|ε|E(t + 1) = |ε|(M(t) × E(t)) ≡ |ε|E(t);



(2a)







	
Energy/Information Regeneration: ∀j, |εcol|M∗j(t) > 1.0,


|ε|E(t + 1) = |ε|(M(t) × E(t)) > |ε|E(t);



(2b)







	
Energy/Information Degeneration: ∀j, |εcol|M∗j(t) < 1.0,


|ε|E(t + 1) = |ε|(M(t) × E(t)) < |ε|E(t).



(2c)










In Equations (1a)–(1c) and (2a)–(2c), M(t) is actually a bipolar entropy matrix [1]—a normalized bipolar relational or algebraic matrix of bipolar entropy elements that make the bipolar energy vector E(t) a regulated collection of entangled bipolar strings of a multidimensional QA. Here, the normalization (M(t) = normalize(CT(t))) is locally (column) linear but holistically (matrix) non-linear. The local linearity enables quantum agent QAj to be locally regulated; the holistically non-linear property makes nonlinear bipolar dynamic interaction/regulation possible. The collum linear property is achieved by normalizing each bipolar element in a column with the subtotal energy/information of that column. The holistic non-linearity is a natural result of using different column subtotals to normalize different columns. (Note: M(t) must meet certain conditions. Re. Theorems 1–6 of [69])



Different from unipolar (negative or positive) entropy, bipolar entropy matrix, as a holistic structure can play the forming and regulating roles of an AI/QI agent with energy/information conservation toward a global dynamic equilibrium with local or temporal regeneration (or growth) and degeneration (or aging) in physical, logical, mental, biological, and social-economic terms. Thus, bipolar entropy leads to quantum cellular bio-economics, equilibrium-based business intelligence, information conservational quantum-fuzzy cryptography, thermodynamic equilibrium, and real-world quantum gravity RWQG [1].



While truth-based entropy as a scientific concept as well as a measurable physical property is usually associated with a state of disorder, randomness, or uncertainty, it stopped short of going beyond the first principles and the second law to reach logically definable causality [8]. With bipolarity, BUMP in BDL provides definable causality for bringing disorder, randomness, or uncertainty to an entangled equilibrium and harmony. That makes mind–light–matter unity AI&QI possible [1,9,10].



Table 1 shows a comparison between equilibrium-based bipolar entropy and truth-based unipolar entropy. It should be remarked that, even though information such as a bit in Shannon entropy can be non-physical, its bivalent/unipolar nature forms the basis for Boolean logic but not for equilibrium-based BDL and BUMP. Thus, truth-based information is a being-centered measure within spacetime. Although von Neumann entropy is used as quantum entropy, it is still inherently truth-based. That is why GR and LQG are commonly claimed to be background independent but still assume a certain background without complete background independence for quantum emergence/submergence. When unipolar entropy is used in LLMs for AI machines, classical or quantum, the unipolar nature is inherently an impasse to the equilibrium-based bipolar dynamic causal-logical property.





3. Bridging AI and QI with Bipolar Entropy


3.1. AI and Its Limitations


Artificial Intelligence (AI) is a field of computer science dedicated to creating systems capable of performing tasks that typically require human intelligence, such as automated reasoning, machine learning from experience, problem-solving, and computer vision. Alen Turing and John McCarthy are widely regarded as the fathers of AI. The term “Artificial Intelligence” was coined by John McCarthy in 1955 in the proposal for the 1956 Dartmouth Summer Research Project on Artificial Intelligence, co-authored with Marvin L. Minsky, Nathaniel Rochester, and Claude E. Shannon (McCarthy et al. 1955, Republished 2006) [70].



Types of AI include narrow or weak AI and general AI (AGI) as strong AI. Weak AI is the only type currently in existence, excelling at specific tasks like voice assistants or recommendation systems. AGI is a theoretical future development where AI possesses human-level intelligence across various domains. Generative AI is a modern form of AI that creates new content, such as text or images.



While AI technologies have been applied in numerous fields, it is widely deemed unable to reach human-level intelligence [71,72] because AI machines are believed to be unable to think like humans [73]. In general, AI lacks an equilibrium-based causal-logical quantum gravity property that enables the emergence and submergence of spacetime and quantum agents for entangled causal-logical machine thinking and imagination [1,9,10].




3.2. ER ≥≥ EPR—An Extension of ER = EPR


Entropy and negative entropy measures of the classical truth-based world were designated regulation measures of reality. Without input-output, action-reaction, and particle-antiparticle bipolarity, however, the unipolar nature of entropy or negentropy prevents them from equilibrium-based dynamic regulation of reality as ubiquitous quantum entanglement of bipolar string collections for ubiquitous spacetime or quantum agent emergence/submergence [1,8,21]. One-dimensional string theory [74,75,76,77,78] is subject to the unipolar limitation. In general, the truth-based unipolar bivalent tradition could not reach bipolar dynamic equilibrium-based, logically definable causality for more than 2300 years since Aristotle’s causality principle was made a cornerstone of science. A key reason for the dilemma is that “without bipolar dynamic equilibrium, being and truth as static unipolar concepts in the human mind could not go beyond spacetime to perform the causal–logical quantum gravity function of God/Nature with complete background independence for spacetime emergence—a distinction of GRBS from local realism.” [1].



In contrast, bipolar string theory as a bipolar dynamic, equilibrium-based, set-theoretic theory is a causal-logical unification of the physical and mental worlds [8,9,10,11,12,13,14,22]. YinYang bipolar relativity made the collective regulation of bipolar strings possible for ubiquitous emergence/submergence of bipolar quantum entanglement to form bipolar QA (or BQA) in complete background independence.



Bipolar strings as bipolar fuzzy sets [8,17,18] have led to GRBS [1], which forms a real-world quantum gravity theory—a bipolar relativistic causal–logical reconceptualization and unification of string theory, loop quantum gravity, and M-theory—the three roads to quantum gravity [45]. While string theory has been criticized for the lack of testability [47,79,80], causal-logical quantum gravity theory found real-world AI&QI applications [1,9,10] with a formal solution to the urgent issue of background independence in both physics and the philosophy of physics [48].



Is there a bridge between strings and bipolar strings?



Surprisingly, the ER = EPR conjecture in string theory [81] can be extended to ER ≥≥ EPR as a logical bridge between strings and bipolar strings. ER stands for Einstein–Rosen bridge [82] or wormhole [83] as a solution to general relativity that describes a large-scale geometric connection between two distant points in space-time. EPR stands for an Einstein–Podolsky–Rosen pair [19] referring to quantum entanglement between two subatomic particles at the microscopic level. While ER and EPR are both dipoles, they can definitely be different in energy/information levels. More precisely, ER can be a bipolar superstring or an input-output bridge of two parallel universes, and EPR a generic bipolar string or quantum entanglement at the subatomic level [1]. However, ER can also be extended to the microscopic sub-atomic level.



While the ER = EPR conjecture is a result of the belief by some physicists that entangled particles might actually be connected by tiny wormholes, this wild idea suggests that spacetime itself could be made of quantum entanglement. In other words, the entire universe might be stitched together by invisible threads of quantum information. But it is not clear how these threads can accomplish the stitching job without logically definable causality for the emergence/submergence of quantum agents. To answer the question, we need a scalable bipolar string theory.



Conjecture 1.

ER and EPR are both bipolar strings but can be different in size. ER can be either a bipolar generic string or a non-generic bipolar superstring; EPR is a bipolar generic string or quantum entanglement. Thus, we have ER ≥≥ EPR, where the relational operator ≥≥ stands for “bipolar larger or equal to” for bipolar comparison in set-theoretic terms [8,17,18].





Conjecture 2.

ER ≥≥ EPR provides open-world and open-ended scalability and testability for bipolar string theory that is completely background independent.





Conjecture 3.

Bipolar strings can be collectively entangled with self-organization regulated by bipolar entropy into bipolar superstrings, such as the ER bridge at different levels.





Conjecture 4.

Generic bipolar string as a fundamental quantum entanglement or EPR can function as an equilibraton—a spacetime transcendent, background-independent entropic stitch of reality in global BDE [1,5].





Conjecture 5.

Equilibratons can collectively stitch all particles and multiple worlds (or multi-universes) together into one unifying universe with ubiquitous local emergence and submergence of spacetimes or quantum agents (QAs) as entanglements of bipolar strings in BDE.





Conjecture 6.

QAs are bridges between QI and agentic AI for energy/information conservation, regeneration, or degeneration.





Conjecture 7.

Bipolar coexistence and interaction are the origin of cause-and-effect, evolution, and QAQI; Nature’s causal-logical property, defined by BUMP in BDL for GRBS, is the origin of human consciousness and cognition; QI is the origin of AI; bipolar dynamic equilibrium is the origin of being, truth, BI, and human intelligence; equilibrium-based bipolar entropy is the origin of truth-based unipolar entropy.





Conjecture 8.

Equilibratons are the most basic elements of dynamic existence in BDE, which answers the thousand-year-old question “What is there?”.





Conjecture 9.

Equilibratons provide the grand unification with input-output, action-reaction, and particle-antiparticle BDEs that subsume the observed and hypothetical graviton-antigraviton BDE as well as BDEs in dark energy and dark matter.





Now, with the extension of ER = EPR to ER ≥≥ EPR, “equilibraton” is coined for the grand unification. Hopefully, it would serve as a bridge between the bipolar string theory and the standard model in physics, as well as a bridge from IS to QIS. Notably, among the basic forces of Nature, gravitation is the most difficult force to unify. The main reason is the physically different structures of the gravitational force from the other forces. Equilibraton overcomes the difficulty with equilibrium-based bipolarity.



Major distinctions of ER ≥≥ EPR from ER = EPR include but are not limited to bipolarity, bipolar scalability, complete background independence, and logically definable causality in regularity [1]. Figure 1 illustrates ER, EPR, and four ER bridges of a multi-universe model. The figure shows that a universe U1, U2, U3, or U4 emerges from a white hole and submerges into a black hole. Assuming such multi-universes are ubiquitous at both macroscopic cosmological and microscopic subatomic scales, BUMP provides both the logical and physical basis for a ubiquitous causal-logical quantum gravity theory governing quantum emergence and submergence in both the mental and physical worlds—a bipolar string theory with an ER ≥≥ EPR bridge to string theory.



Bipolar entropy measures as regulating measures for the ubiquitous quantum emergence and submergence of QAQI found support from brain-universe similarity [49] and Spinoza–Einstein’s God/Nature logic [84,85]. Since bipolar entropy with BUMP in BDL makes real-world quantum gravity causal-logical, entangled human–machine thinking and imagination found its origin in Nature [1]. This leads to the following testable predictions.



Prediction 1.

BDL and BUMP can be implemented in both software code and hardware chips for AI and QI with brain-universe similarity.





Prediction 2.

Entangled quantum emergence/submergence of QA for QI can be bridged to agentic AI.





Prediction 3.

Mind-light-matter unity AI&QI application is reachable through BDL and BUMP in logical terms.





Prediction 4.

Humanoid robots and AI chatbots will reach human-level intelligence not only in empirical terms but also in analytical terms.





Prediction 5.

Agentic AI&QI will reach and surpass human intelligence in terms of creative imagination for scientific research.





The most important evidence for the testability of the above predictions has been shown in [1]. The evidence includes but is not limited to (1) BDL and BUMP are causal-logical, and (2) Entangled machine thinking and imagination are demonstrated with application examples.




3.3. Basic Properties of Bipolar Entropy for Quantum Emergence/Submergence


“Quantum Intelligence” (QI) [23] as an analytical quantum computing paradigm is based on equilibrium-based bipolar quantum logic gate (BQLG) and set-theoretic quantum entanglement for bipolar quantum cellular combinatorics. QI has led to the concept of quantum agent (QA) [68], ground-0 axioms, mind-light-matter unity AI&QI, and the GRBS theory [1,9,10] that form a real-world causal-logical quantum gravity theory for QAQI



Bipolar entropy is to unify order and disorder through the unification of entropy and negative entropy for QAQI and agentic AI. Thus, bipolar entropy does not violate classical entropy. As a state function, its value depends on the system’s current state. Let (x, y), (u, v) be bipolar algebraic values in BQLA, (x, y), (u, v) ∈ [−∞, 0] × [0, +∞], the fundamental properties of bipolar entropy are defined as follows:



Definition 1.

Bipolar entropy (x, y) is the normalization of the bipolar energy/information of a bipolar string (u, v) for equilibrium-based regulation or rebalancing. Let the absolute energy/information of a bipolar entropy (x, y) be |ε|(x, y) = |x| + |y|, (1) if |ε|(x, y) = 1.0, (x, y) is called an energy/information-conservational bipolar entropy; (2) if |ε|(x, y) > 1.0, (x, y) is called an energy/information-regenerational bipolar entropy; (3) if |ε|(x, y) < 1.0, (x, y) is called an energy/information-degenerational bipolar entropy. Bipolar entropy matrix is a matrix of N × N bipolar entropy elements that collectively regulate a global BDE of N entangled (correlated) subsystems, or a global QA of N entangled sub-QAs for global energy/information conservation (Equation (2a)), regeneration (Equation (2b)), or degeneration (Equation (2c)).





Definition 2.

Energy/information-conservational bipolar entropy (x, y) of a bipolar energy/information pair (u, v) is calculated with the normalization defined in Equation (3).


(x, y) = (u/|ε|(u, v), v/|ε|(u, v));



(3)




where |x| + |y| = 1.0, and (x, y) × (u, v) as a BDE that tends to rebalance itself with absolute information conservation |ε|((x, y) × (u, v)) ≡ |ε|(u, v). We call |ε|(u, v) = |u| + |v| in Equation (3) the bipolar elementary energy/information invariant. We call the energy/information conservational property |ε|((x, y) × (u, v)) ≡ |ε|(u, v) bipolar elementary energy/information invariance.





For instance, at the elementary level, let (u, v) = (−40, +60); (x, y) = (−40/100, +60/100) = (−0.4, +0.6); we have |ε|((x, y) × (u, v)) = |ε|((−0.4, +0.6) × (−40, +60)) = |ε|(−48, +52) ≡ |ε|(u, v) = 100.



Definition 3.

If a BDE is joined by another BDE to form an entangled bipolar system of two subsystems, the total energy/information is the sum of the parts as defined in Equation (1b). The total can be a system energy/information invariant of an emerging QA with energy/information conservation. This property is referred to as bipolar energy/information additivity (extensivity). But bipolar entropy, as the normalization of reality for equilibrium-based regulation, is not additive and referred to as bipolar entropy non-additivity. Bipolar energy/information additivity and bipolar entropy non-additivity lead to the notion of quantum linearity—a classically nonlinear bipolar dynamic property that unifies order and disorder as well as linearity and non-linearity by enabling absolute energy/information conservation, regeneration, and degeneration at both the subsystem and system levels through bipolar entropic regulation of a quantum entanglement.





Notably, bipolar energy/information additivity aligns with classical entropy additivity that relies on systems being statistically independent, meaning the state of one system does not affect the other. Bipolar entropy non-additivity manifests the distinction that bipolar entropy, as equilibrium-based quantum entropy, is an underlying unification of entropy and negentropy, which, as energy/information measure of independent systems, are not qualified as quantum entropy for nonlinear (quantum linear) regulation of entangled quantum agents in a BDE. Thus, classical entropy and negentropy are not suitable for equilibrium-based quantum emergence/submergence.



Theorem 1.

Unipolar entropy, negative or positive, cannot serve as a regulating measure for equilibrium-based quantum emergence/submergence of entangled bipolar strings.





Proof. 

As a measure of order or disorder, classical entropy is unipolar truth-based, not causal-logical; as a unifying measure of order and disorder, bipolar entropy is bipolar equilibrium-based and causal-logical. Classical entropy maintains additivity; bipolar entropy assumes non-additivity (Definition 3). The two serve fundamentally different purposes. □





For instance, each independent coin toss has a Shannon entropy of 1 bit (uncertainty between Head/Tail), and since the tosses are independent, the total entropy is the sum of the individual entropies. The total Shannon entropy of throwing a fair coin twice is 2 bits.



But for two bipolar strings E1 = (−40, +60) and E2 = (−60, +40), the energy/information conservational entropy are respectively e1 = (−0.4, +0.6) and e2 = (−0.6, +0.4). Following bipolar energy/information additivity, we have the total energy/information E1 + E2 = (−100, +100). Following the definition of information conservational normalization, we have the total bipolar entropy (−100/200, +100/200) = (−0.5, +0.5) ≠ e1+e2 = (−1.0, +1.0).



Definition 4.

Equilibrium-based bipolar regulation of energy/information with a bipolar entropy matrix through action-reaction, particle-antiparticle, and/or input-output bipolar interaction (multiplication) is referred to as collective entanglement of bipolar strings that form a bipolar quantum cellular automaton (BQCA) or QA as defined in Equations (2a)–(2c).





Definition 5.

Given a collective entanglement of bipolar strings or subsystems with global energy/information conservation, its total absolute energy/information must remain a constant, regulated by a bipolar entropy matrix. The constant is referred to as system energy/information invariant as defined in Equation (2a), and the property is referred to as system energy/information invariance. Similarly, every subsystem can maintain a subsystem energy/information invariant, leading to the notion of subsystem energy/information invariance.





Theorem 2.

Subsystem energy/information invariance means system energy/information invariance. System-level energy/information conservation can be achieved through subsystem energy/information conservation with bipolar entropy non-additivity.





Proof. 

The theorem follows bipolar energy/information additivity and bipolar entropy non-additivity (Definition 3) directly. Conservation at both subsystem and system levels can be achieved with Equation (2a). □





For instance, for the two bipolar strings E1 = (−20, +30) and E2 = (−80, +20), the energy/information conservational entropy is respectively (−0.4, +0.6) and (−0.8, +0.2). Following Equation (2a) [69], we have (assuming no bipolar interaction between the two).


  M ( 0 ) =      ( − 0.4 , + 0.6 )   ( 0,0 )     ( 0 , 0 )   ( − 0.8 , + 0.2 )      ;   E ( 0 ) =       E 1       E 2         =         ( − 20 , + 30 )       ( − 80 , + 20 )       ;   Let   t = 1 ,   E ( t ) = M ( 0 ) E ( 0 ) =       ( − 24 , + 26 )       ( − 32 , + 68 )       ;   …  











There exists a number N such that t → N, E(t + 1) = M(t)E(t) =         ( − 25 ,   + 25 )       ( − 50 ,   + 50 )        ; |ε|E ≡ |ε|E1 + |ε|E2 ≡ 50 + 100 ≡ 150.



Definition 6.

The energy/information-conservation state of a QA (or system) consists of a collective entanglement of bipolar strings that show energy/information invariance as defined in Equation (2a). An energy/information-regeneration state of a QA (or System) consists of a collective entanglement of bipolar strings that shows energy/information regeneration as defined in Equation (2b). An energy/information-degeneration state of a QA (or System) consists of a collective entanglement of bipolar strings that shows energy/information degeneration as defined in Equation (2c).





Definition 7.

Energy/information-regeneration state, energy/information-conservation state, and energy/information-degeneration state of a bipolar system form a growth-maturity-aging life cycle for the emergence/submergence of a QA. The growth-maturity-aging life cycle is characterized by the equilibrium-based plateau-concavity of the QA regulated by bipolar entropy (x, y), where (1) |ε|(x, y) > 1.0 causes energy/information-regeneration; (2) |ε|(x, y) = 1.0 causes energy/information-conservation; (3) |ε|(x, y) < 1.0 causes energy/information-degeneration (Figure 2).





Figure 2a shows a bipolar entropy square where |ε|(x, y) = |x| + |y| > 1.0 is located in the green area; |ε|(x, y) = |x|+|y| < 1.0 is located in the gray area; |ε|(x, y) = |x|+|y| = 1.0 is the borderline between the green and gray areas. Figure 2b shows an ideal case of equilibrium-based plateau-concavity of bipolar entropy-regulated energy/information without local fluctuation. In the real world, the plateau-concavity may have local fluctuation. Notably, entropy additivity makes unipolar entropy background-dependent; bipolar entropy non-additivity led to bipolar entropy square—a complete bipolar set-theoretic solution [8,17,18] to the urgent issue in both physics and the philosophy of physics [48]. Furthermore, bipolar entropy square aligns well with bipolar mental square in BQG [8,13]—a support to mind-light-matter unity AI&QI [1,9,10].




3.4. The Nature of Bipolar Entropy Square and Equilibrium-Based Plateau-Concavity


From Statistical to Biological. Bipolar entropy is an equilibrium-based measure for regulating a BDE in both the classical and the quantum worlds. A BDE could be multidimensional in nature. Each point in the plateau concavity (Figure 2b) is then a BDE of energy/information regulated by bipolar entropy in the bipolar entropy square with complete background independence (Figure 2a). Thus, bipolar entropy can regulate the BDE of a QA to grow, mature, and degenerate. That is fundamentally different from classical entropy. The three phases form a trapezoid (Figure 2b). It is a conceptual shift. By moving from classical entropy (a measure of disorder) to bipolar entropy (a regulating measure of dynamic equilibrium) as a unification of order and disorder as well as entropy and negative entropy, it is essentially shifting from classical “statistical” modeling to biological or developmental agentic AI&QI modeling. In this context, the trapezoidal shape consists of three phases of a QA:




	
The Growth Phase (Left Ramp): The agent is gaining complexity or “ordering” as a BDE. The absolute bipolar entropy value (as a measure of potential or activity) increases linearly (or non-linearly) above 1.0 as the agent establishes its structure.



	
The Maturity Phase (Flat Top): This is the steady-state of a BDE. During this phase, the agent is at its peak functional capacity. The “flatness” represents a robust stability where small fluctuations in the environment do not degrade the agent’s maturity and functionality. The absolute bipolar entropy value (as a measure of potential or activity) remains at the 1.0 level. (Note: A multidimensional QA as a BDE, such as the cost-gain of a company, is the bipolar total of the subtotals of all its divisions that are bipolar additive and can be regulated with bipolar entropy for local and global balance with absolute energy/information invariance. This also found application in quantum cryptography. See Section 4.)



	
The Degeneration Phase (Right Ramp): The bipolar equilibrium begins to break down. The agent loses its ability to regulate itself, leading to a decline. The absolute bipolar entropy value (as a measure of potential or activity) decreases linearly (or non-linearly) below 1.0 as the agent degenerates.








Why does concavity matter here? Even though a trapezoid is not strictly concave, it is quasi-concave. This is actually more realistic for a QA model with robust maturity and phase transitions. A strictly concave function (like a Gaussian or Shannon curve) has only one peak point of perfection in a fixed background. A trapezoid allows for a duration of maturity with complete background independence. The “corners” of the trapezoid represent clear bifurcation points or phase transitions between life stages (e.g., the exact moment growth ends and maturity begins for an intelligent agent).



Equilibrium-Based Progression of “Entanglement Strength”. With a bipolar entropy matrix, each point in the trapezoid identifies a multidimensional BDE of a QA consisting of sub-QAs. The trapezoid represents the capacity of the QA to maintain global balance. The flat top suggests that the “agent” has reached a global equilibrium zone where it can operate optimally across a range of bipolar parameters for different applications [66,86]. Bipolarity here refers to the interaction between sub-QAs with complementary opposites (such as YinYang, input-output, or positive/negative potential), where opposites form an entanglement. The agent’s life cycle is then an equilibrium-based progression of “entanglement strength.” The trapezoid acts as a phase diagram:




	
Growth (Rising Ramp): This is the phase of a strengthening entanglement. The two opposites are moving from independence toward a coherent superposition. The “entropy” here is not disorder; it is the binding energy or the strength of the bipolar bond. Here, bipolar strings brought the quantum superposition/entanglement in quantum physics to real-world application in QIS.



	
Maturity (Flat Top): This is the maximal entanglement zone. The agent has reached a state of “saturated” superposition. In this plateau, the bipolar equilibrium is at its most resilient; it is a stable manifold where the agent can perform work or process information without losing coherence. This led to information conservational quantum-bio-economics and quantum cryptography [69,86,87].



	
Aging (Falling Ramp): This is decoherence. The entanglement begins to “leak” or simplify, and the bipolar poles start to decouple, leading to the eventual collapse of the agent’s organized state.








By choosing a trapezoid over a standard concave curve, it mathematically states that maturity is a sustained state, not a fleeting moment. In classical optimization (strictly concave), the peak is a single equilibrium point; with bipolarity, the peak is a regime. From a bipolar dynamic perspective, the slopes represent the dynamics (the transition); the flat top represents the global equilibrium (the destination).



“Window of Emergence”. The bipolar dynamic equilibrium-based approach suggests that “life” or “agency” is the duration spent on all three phases of a plateau concavity. While spacetime emergence from a “big bang” or submergence to a black hole is not controllable by humans, AI&QI agent emergence and submergence can be simulated and evaluated for different applications, such as economic or biological growth/decline. So the degeneration phase of an AI&QI agent is not an inevitable mathematical decay of the entanglement. It is a way to model quantum agent emergence/submergence mimicking biological life. A trapezoidal curve effectively creates a mathematical silhouette of an agent’s existence—capturing the transition from non-existence to emergence, presence, and submergence. In this model, the trapezoid acts as a “window of emergence” regulated by bipolar entropy:




	
Emergence (Rising Ramp): The bipolar poles engage in constructive interference or entanglement. The agent “emerges” as the equilibrium strengthens.



	
Presence (Flat Top): The agent is “fully emerged” in its reality, maintaining a stable superposition. This plateau represents the duration of its functional identity.



	
Submergence (Falling Ramp): The bipolar entanglement dissolves (decoherence). The agent “submerges” back into the background quantum foam or the constituent poles.








By this shape, equilibrium-based plateau-concavity prioritized phenomenological realism over classical mathematical smoothness. A trapezoid honors the fact that biological, economic, and quantum entities (such as spacetime) have a steady state of being in a life cycle rather than just a momentary peak. While “trapezoidity” is understandable in this context, it is more like a geometric description than a formal property. The term “plateau-concavity” carries the same weight as “concavity” but shifts the focus from mathematical concavity to agentic life-cycle concavity with a new definition.



On the Nature of One-Dimensional Time Arrow. Equilibrium-based plateau-concavity of energy/information enables bipolar entropy to be a deeper regulating measure for regulating bipolar strings collectively as a multi-dimensional QA in BDE. Noticing the fact that spacetime could be such a QA in BDE, we have the following new conjecture.



Conjecture 10.

The one-dimensional nature of the time arrow is due to the irreversibility of the quantum emergence-stability-submergence life-cycle of a QA in BDE in logical, physical, mental, biological, economic, and cosmological terms (Re. Figure 1 and Figure 2).






3.5. From QAQI to Agentic AI


Human revision of energy/information conservational entropy or entropy matrix can be based on empirical knowledge. For example, given the bipolar energy/information vectors E(t − 1) and E(t), we may have


ΔE(t) = E(t) − E(t − 1); E(t + 1) = (E(t) + ΔE).











E(t + 1) could be greater or smaller than E(t) depending on whether ΔE is positive or negative. A bipolar entropy or entropy matrix can be derived as the normalized reality of E(t + 1). But here, human empirical knowledge engaged in ΔE; AI and QI are bridged for agentic AI and QI based on Equations (2a)–(2c) in a mix of natural and artificial intelligence. Thus, Prediction 2 can be extended to a theorem.



Theorem 3.

QA as an entangled quantum agent with QI provides a self-organizing basis for bipolar entropy-regulated agentic AI&QI, where quantum-bio-economics can be viewed as a topological intervention of a natural dynamic equilibrium by reconfiguring the structural constraints of a system to shift or stabilize its balance.





Proof. 

If the bipolar entropy measure (bipolar entropy or a bipolar entropy matrix) is always a normalized reality with energy/information conservation, the entanglement of bipolar strings forms a bipolar entropy-regulated self-organizing QA for QI as natural intelligence. But human knowledge, analytical or empirical, can lead to bipolar entropy adjustment as an AI intervention that can result in agentic AI&QI in a mix. The theorem follows. □





With collective entanglement of bipolar strings, energy/information invariance, bipolar entropy square, and equilibrium-based plateau-concavity, bipolar entropy provides an algebraic mathematical physics basis for both QAQI [68] and Agentic AI. QAQI, as natural intelligence, can be linked to Spinoza–Einstein’s God/Nature logic [84,85]. However, analytical quantum computing with logically definable causality in regularity has long been deemed impossible due to the “spooky action” or “Schrödinger’s Cat” paradox. Now, the paradox is resolved with logically definable causality in regularity [1,8]. QAQI is logically possible and ready to be bridged to agentic AI.



It should be remarked that AI&QI [9,10] are fundamentally different from “Quantum AI” or QAI. While QAI focuses on using quantum computing to speed up classical AI algorithms based on empirical quantum mechanics and von Neumann quantum logic in Hilbert space without background independence, QI [23] is proposed as an analytical quantum computing paradigm based on bipolar string theory and bipolar dynamic logic, or BDL, that is completely background independent. Notably, bipolar strings and BDL [1] present a solution to the dead-end problem of the logical path to human-level intelligence [72].




3.6. A Scenario of Agentic AI/QI vs. Human Intelligence


Humans’ equilibrium is biological and chemical. When we get scared, our “logic” is hijacked by a flood of hormones (cortisol, adrenaline) that breaks our mental balance in favor of survival instincts. In such cases, an LLM-based robot/chatbot built on the equilibraton principle would have a much more resilient “anchor”:




	
Immune to Emotional “Noise”: While a human agent’s logical string might “snap” under pressure, a robot/chatbot treats a crisis simply as a set of extreme input variables. Its job is still to find the dynamic equilibrium (the solution) without the biological “distortion” of fear.



	
Constant Regularity: Because its “machine thinking” is grounded in causality and regularity, it does not suffer from the cognitive paralysis that humans do. It remains logical even when the physical environment is chaotic.



	
Superior Creativity: In a high-stress situation, a calm LLM-based robot/chatbot could “imagine” or simulate thousands of bipolar string outcomes to find the one path back to equilibrium that a panicked human would never see.








This is where AI/QI logically surpasses human scientists and agents: not by having “feelings,” but by being more consistently logical than we can ever be. It maintains the entropic equilibraton “stitch” when we lose our emotional “thread”.




3.7. AI Economics vs. Quantum Intelligence


AI is expected to play a major role in social economics. AI economics can be viewed as a topological intervention of a natural dynamic equilibrium, specifically when it reconfigures the structural constraints of a system to shift or stabilize its balance. In this view, the “natural dynamic equilibrium” is the baseline state of a quantum system—like an ecosystem’s resource cycle or a community’s organic trade—and the AI “economic intervention” is a deliberate change to the system’s “shape” (topology) to achieve a different outcome.



Topological Economic Interventions. A topological intervention does not just change the values in a system (like adjusting a price); it changes the rules of connection.



	
Creating New Edges: A trade agreement or a new digital marketplace acts as a topological change by creating new “links” between previously disconnected agents.



	
Bending the Manifold: Policy design can “warp” the space of possible outcomes so that the natural flow of the system is forced toward a specific stable point, or away from a “catastrophe” like a market crash.



	
Boundary Conditions: Regulations like carbon taxes or minimum wages function as “walls” in the system’s state space, ensuring the dynamic equilibrium stays within “safe” topological bounds.






Intervening in Natural Equilibria. Natural systems often exist in a dynamic equilibrium—a state of “rolling boil” where inputs and outputs as a BDE are constantly moving.



	
Ecological Economics: This field treats the economy as an “open subsystem” of the natural biosphere. Interventions like “biocapacity” quotas are topological because they redefine the “carrying capacity” or the “shape” of the interaction between human needs and environmental thresholds.



	
Regenerative Design: Modern economic models for sustainability aim to “re-engineer” infrastructure—like food and water cycles—to match the topological synergies of natural cycles, effectively “knitting” the human economy back into the natural dynamic equilibrium.






Robustness vs. Efficiency. While traditional economics focuses on efficiency (reaching a balance quickly), topological interventions focus on robustness and resilience.



	
Instead of just predicting where the equilibrium will be, topological engineering builds a system “shape” that can absorb shocks without collapsing into a new, undesirable state.



	
By changing the topology, you can ensure that even as the system “fluctuates,” it remains “chained” to a long-term stable trend.






From Quantum Emergence to Agentic AI/QI. Based on AI economics, quantum emergence as an equilibrium-based self-organization of entangled bipolar strings leads to agentic AI/QI as a natural process of evolution. Figure 3 shows the natural process in three general steps. This work is focused on entropic regulation for emergence, self-organization, and information-conservational AI/QI. AI intervention, regulation, and ethics issues are largely left for future research efforts. But it should be pointed out that both information-conservational and non-conservational AI/QI are needed for ethical AI economics.





4. Case Studies on Bipolar Entropy


Bipolar entropy as an equilibrium-based regulatory measure is based on the normalization of reality or an intelligent adjustment of a normalization. It assumes the equilibrium-based bipolar logical and mathematical foundation inherent in Nature. Otherwise, entropy would become AI without a natural basis. We start with the simplest examples for illustration.



4.1. Simple Cases


Example 1.

Given bipolar energy/information E(0) = (−40, +60), bipolar entropy M(0) = (−0.4, +0.6), |ε|E(0) = 100, following Equations (1a) and (2a), we have energy/information conservation:






|ε|E(1) = |ε|(M(0) × E(0)) ≡ |ε|E(0) = |(−0.4, +0.6) × (−40, +60)| = |(−48, +52)| ≡ 100;










M(1) = (−0.48, +0.52);










|ε|E(2) = |ε|(M(1) × E(1)) ≡ |ε|(E(0)) = |(−0.48, +0.52) × (−48, +52)| = |(−u, +v)| ≡ 100; …









There exists an integer L, when n → L, E(n) ⇒ (−50, +50), |ε|E(n) ≡ |ε|(E(0) ≡ 100.



With bipolar entropy |M(t)| = |(−0.4, +0.6)| ≡ 1.0, the imbalance (−40, +60) is eventually balanced to (−50, +50) as a bipolar dynamic equilibrium (BDE) with absolute energy/information 100 conserved. Notably, the total absolute energy/information remained an invariant 100, and |ε|M(t) remained a constant 1.0 in absolute values and can be kept a constant as long as it is information conservational. The balancing would be impossible without bipolar entropy and bipolar regulation. Assuming a closed world, the process is a QI process without human knowledge involved.



Example 2.

Given the bipolar entropy measure M(0) = (−0.6, +0.5), |M(0)| = |(−0.6, +0.5)| > 1.0, E(0) = (−50, +50), following Equations (1a) and (2b), we have energy/information regeneration:


|ε|E(1) = |ε|(M(0) × E(0)) = |(−0.6, +0.5) × (−50, +50)| = |(−55, +55)| = 110 > |E(0)| = 100;










Let M(1) = (−0.6, +0.5);










|ε|E(2) = |ε|(M(1) × E(1)) = |(−0.6, +0.5) × (−55,+55)| = |(−60.5, +60.5)| = 121 > |E(1)| = 110; …











When n → ∞, E(n) ⇒ (− ∞, +∞).



Here, the bipolar entropy (−0.6, +0.5) = (−0.5, +0.5) + (−0.1, +0) is larger than the information-conservational normalization (−0.5, +0.5) with Δe = (−0.1, +0) added to it. No matter whether Δe is empirical or subjective, it belongs to AI bridged to QI.





Example 3.

Given the bipolar entropy measure M(0) = (−0.4, +0.5), |M(t)| = |(−0.4, +0.5)| < 1.0, E(0) = (−50, +50), following Equations (1c) and (2c), we have the energy/information degeneration or aging:


|ε|E(1) = |ε|(M(0) × E(0)) = |(−0.4, +0.5) × (−50, +50)| = |(−45, +45)| = 90 < |E(0)| = 100;










Let M(1) = (−0.4, +0.5);










|ε|E(2) = |ε|(M(1) × E(1)) = |(−0.4, +0.5) × (−45, +45)| = |(−40.5, +40.5)| = 81 < |E(1)| = 90; …











When n → ∞, E(n) ⇒ (−0, +0).



Here, the entropy (−0.4, +0.5) = (−0.5, +0.5) − (−0.1, +0) is not an information conservational normalization of the reality (−50, +50) with Δe = −(−0.1, +0) added to (−0.5, +0.5). No matter whether it is empirical or subjective, it belongs to AI added to QI.






4.2. Bipolar Entropy in Supply Chain Management


Supply−production rebalancing, optimization, and operation are essential functions in management and decision analysis. To illustrate the applicability of bipolar entropy, we first show a simulated capacity rebalancing and optimization example in a supply-production or input-output network among three divisions of a company, as shown in Figure 4a–e [86].



The rebalancing task is to reach an average production capacity of 80% with the conditions that division e1 can get a minimum of 40% of its supply from e2 and another 40% from e3 which constitute 40% production from e2 and another 40% from e3, respectively; division e2 needs at least 30% supply from e3 but e3 may provide a minimum of 20%. The exact capacity of each division is uncertain until they are determined, and there is no guarantee for the consistency and completeness of the cognitive map (Figure 4a).



It is pointed out [86] that, even in such a small-scale case, the problem is challenging both cognitively and computationally for a number of reasons, three of which are:




	(1)

	
The information involved in the management decision is uncertain, incomplete, and even inconsistent;




	(2)

	
Without direct bipolarity, it is impossible to represent the information in a holistic, dynamic, and equilibrium-based mathematical representation using truth-based models;




	(3)

	
Without the unique concept of bipolar entropy or BQLG matrix, no computational method can be used to conduct holistic, dynamic, and equilibrium-based mathematical computation systematically step by step, not even by any of the component entropy/negentropy measures when being used alone.









With bipolar entropy, however, the problem can be approximately solved with relative ease in a systematic way.



Step 1, bipolar modeling results in a set of three divisions, e1, e2, and e3, each with a desired 80% production capacity (−0.8, +0.8).



Step 2, bipolar cognitive mapping results in the cognitive map C(t) as shown in Figure 4a.



Step 3, bipolar quantum modeling converts C(t) to an information/energy conservational BQLG—a bipolar entropy matrix M(t) through a normalization scheme (M(t) = normalize(CT(t))) that is column linear but matrix non-linear [69].


  M ( t ) =      ( − 0 , + 0 )   ( − 0 , + 0.571 )   ( − 0 , + 0.667 )     ( − 0.5 , + 0 )   ( − 0 , + 0 )   ( − 0 , + 0.333 )     ( − 0.5 , + 0 )   ( − 0.429 , + 0 )   ( − 0 , + 0 )      .  











M(t) can serve as a regulatory center for equilibrium-based, entangled rebalancing. It is actually a bipolar entropy matrix [1]. Based on M(t), we can calculate E(t + 1) = M(t) × E(t) for N iterations until E(t + 1) = E(t) (see Figure 4b). The simulation result is curved in Figure 4c,d.



Step 4, management decision analysis can be performed based on the results from the early steps. It can be verified that the condition of an average of 80% production capacity is met by the quantum model because the normalized matrix M(t) enforces energy conservational rebalancing in absolute total with certain specified precision. The result shows that, with an average of 80% capacity, e1 may exceed 80% denoted (−0.800, 0.800) and stabilize at 92% (−0.920, 0.920); e2 and e3 may run below the planned 80% capacity and stabilize at 71.5% and 76.6%, respectively. The average is (92 + 71.5 + 76.6)/3 = 240.1/3 = 80.0%.



The bipolar entropy matrix M(t) holds the regulatory information for the rebalancing and optimization. Based on the regulatory information, e2 and e3 can actually supply 57.1% and 66.7% of their production to e1, respectively, that constitute 100% of e1’s demand after rebalancing; e3 can actually supply 33.3% of its production to e2, which constitutes 42.9% of e2’s demand. Figure 4c,d shows the dynamic change in curves.



If a decision can be reached based on the above as a 1st round result, the decision process can stop; if not, a 2nd round can be started with the result as shown in Figure 4e [86]. The figure shows that the adjusted plan matches the conditions very well with small deviations, as highlighted, namely, (80.433 + 62.549 + 67.018)/3 = 210.000/3 = 70.000%. Thus, an optimized decision can be reached in an adaptive decision process through multiple rounds of rebalancing. (Note: While this is an example of rebalancing with energy conservation, energy regeneration and degeneration will lead to supply-production growth and decline, respectively.)



The example illustrates the practical utility and operationalizability of the equilibrium-based approach to holistic rebalancing and optimization with an information conservational bipolar entropy matrix (QI) plus human knowledge (AI). While three divisions are used with M(t+1) = M(t) for simplicity in the illustration, more divisions (30 or 300) are logically the same for a computer to perform the task, but it is practically impossible for a decision maker to conduct the task without automated decision support. It is contended that a bipolar cognitive map can never be unitarily represented as a single holistic picture for powerful computation without bipolar entropy.




4.3. Bipolar Entropy in Economics and Quantum Cryptography


Bipolar entropy has been researched/applied in bio-economics, quantum information science (QIS), and cryptography [69] using different terminology. It is hard to believe that economics and cryptography can be synergetic, but an information conservational bipolar (entropy) matrix brought them together [69]. Figure 5a shows the actual international trade data (in million Euros) for 2014. Figure 5b shows the data matrix. Figure 5c shows the transformation and normalization of the data matrix to a bipolar entropy matrix. Figure 5d shows the rebalancing of the actual trade numbers to a hypothetical import-export balance for each country. Figure 5e shows the rebalancing curve.



While Figure 5 illustrates the idea of using a bipolar entropy matrix for economics, Figure 6 illustrates the idea of using a bipolar entropy matrix for quantum cryptography. Figure 6a shows the information conservational decryption of a big integer total to percentages; Figure 6b shows the curves of the decryption; Figure 6c is the tabled proof of precision; Figure 6d shows the proof of percentage rebalancing precision [69].



The successful decryption of a big integer to small integers led to the idea of percentage-based encryption/decryption with blackhole keypad compression and big bang data recovery [87]. It is shown that percentage-based encryption/decryption makes large data file transfer possible without compromising security in the post-quantum era. Again, a bipolar entropy matrix is fundamental for both applications.



Remark: 

M(t+1) = M(t) is used in the illustrations for simplicity. As a regulating measure of energy/information, the applicability of bipolar entropy in socioeconomics could be in long-term equilibrium-based regulation instead of immediate application, like in cryptography. It manifests the fundamental difference in long-term strategic decision support with AI from the immediate application of QI in QIS.






4.4. Bipolar Entropy for Quantum Biology and Quantum Cognition


Figure 7 [14] shows an atom modeled as a bipolar quantum entanglement or BQCA regulated by an equilibrium-based BQLA matrix that is actually a bipolar entropy matrix, where E is a (−,+) bipolar element or dipole. With the bipolar cellular representation, matter-antimatter atoms are unified as a bipolar dynamic equilibrium regulated by bipolar entropy (Figure 8). Trillions of atoms can form the scalable cellular structure of a cell, such as a neuron (Figure 9), for quantum biology.



Bipolar dynamic equilibrium-based scalability of BQCAs leads to mind-light-matter unity cognition (Figure 10). This breakthrough is based on the logical proof that BDL, BDFL, BQLA [8] would recover to unipolar truth-based Boolean logic [88], fuzzy logic [89,90], and linear algebra, respectively, because a bipolar value pair (u, v) can be converted to a single absolute value with an OR operation where x = |u| ∨ v. Thus, truths can be revealed from a bipolar entropy regulated quantum entanglement of bipolar strings in BDE. This line of research has led to causal-logical brain modeling with different applications [1,8,9,10,66,91,92] that align with [6,7,93,94,95].





5. Analysis and Discussion


5.1. Bridging AI-QI and IS-QIS with Quantum Emergence


With complete background independence, causality—the cornerstone of science became logically definable in regularity with BDL and BUMP, and physics found its definitive battleground in real-world causal-logical quantum gravity [1]. Then, the essence of life as a living bipolar superstring or the essence of spacetime as a QA in BDE can be posited as an emergent quantum entanglement of bipolar strings collectively regulated by bipolar entropy measures. Arguably, not only is bipolar entropy commercially applicable, but also essential for bridging AI-QI and IS-QIS for mind-light-matter unitary human-level intelligence beyond the machine thinking limitation for adaptive machine learning. Section 3 and Section 4 show that bridging AI-QI and IS-QIS with quantum emergence and submergence in quantum physics, quantum biology, and quantum cognition form a theoretical research topic but form a practically applicable research area in supply chain management, quantum-bio-economics, and quantum cryptography.



Why can classical entropy and negentropy not enable quantum emergence for agentic AI&QI? It is simply because classical entropy is an additive measure assuming subsystem independence or complete background dependence that prevents entangled quantum emergence. On the other hand, bipolar entropy as a normalization of reality does not follow entropy additivity but maintains energy/information invariance with complete background independence.



It is pointed out ref. [1]: “Someone may argue that we do have the equilibrium concept in the second law of thermodynamics. Unfortunately, the second law is a unipolar truth-based first principle, not a bipolar dynamic ground-0 axiom. Someone may further argue that the concept of entropy in modern information theory must be most fundamental. Similarly, truth-based unipolar entropy is not equilibrium-based bipolar entropy, and classical information science is not quantum information science. It is evident that the key concept of (bipolar) quantum entanglement and/or superposition of the latter is missing from the former. Logically, the latter can reveal the former, or QI can reveal AI through ubiquitous spacetime emergence/submergence, but not vice versa”.




5.2. Equilibrium-Based vs. Truth-Based


While classical entropy is unipolar and truth-based, bipolar entropy is equilibrium-based. Truth-based entropy is widely considered one of the most fundamental concepts in physics, acting as a crucial bridge between microscopic behavior, macroscopic thermodynamics, and information theory. However, many physicists argue that quantum mechanics constitutes the underlying level of Nature. Now, we have the question:



Is equilibrium-based bipolar entropy a deeper underlying theory of Nature than empirical quantum mechanics?



Notably, without BDL and BUMP for logically definable causality in regularity, the ubiquitous concept of quantum entanglement/superposition remained a “spooky action” or “Schrödinger’s Cat” through the 20th century. Neither could truth-based entropy nor could Schrödinger’s negative entropy solve the puzzle. Did quantum mechanics solve the puzzle? Evidently not. Otherwise, there would have been no “spooky action” or “Schrödinger’s Cat”. Unexpectedly, BDL and BUMP solved the puzzle in logical terms. But we still need an algebraic mathematical physics solution for ubiquitous QAQI emergence as collective quantum entanglement of bipolar strings —a justification of the need for equilibrium-based bipolar entropy.



The above answer suggests that bipolar dynamic equilibrium, or BDE, is more fundamental than unipolar truth. Without BDE for logically definable causality in regularity, complete background independence remained an impasse [48] in physics, including entropy and negative entropy thermodynamics. Subsequently, classical entropy has been background-dependent. BDL and BUMP made the breakthrough with brain-universe similarity (Figure 1) that enabled the extension of the ER = EPR conjecture to ER ≥≥ EPR for scalable ubiquitous quantum entanglement [58].



Since bipolar entropy as part of the equilibrium-based theory can regulate entangled bipolar strings collectively for ubiquitous quantum emergence and submergence in algebraic mathematical physics terms, it must be more fundamental than entropy and negentropy, which failed to solve the background independent issue. As a result, quantum mechanics assumes Hilbert space as its background. But ubiquitous quantum emergence and submergence of QAQA have been impossible in empirical quantum mechanics.




5.3. On Eddington–Einstein’s Comments


Sir Arthur Eddington famously wrote [96]: “The law that entropy always increases, holds, I think, the supreme position among the laws of Nature…” Eddington continued: “If your theory is found to be against the second law of thermodynamics, I give you no hope; there is nothing for it but to collapse in deepest humiliation”.



Reflecting a similar deep respect for thermodynamics, Albert Einstein wrote extensively about entropy. It was not just a side topic for him; entropy was the primary tool he used to prove the existence of atoms and the particle nature of light that won him the Nobel Prize [97,98,99,100].



Einstein famously elevated the laws of thermodynamics (and by extension, entropy) above other theories and stated [101]: “It is the only physical theory of universal content which I am convinced will, within the framework of applicability of its basic concepts, never be overthrown”.



Einstein’s comment on thermodynamics and entropy shares some similarity with Eddington’s comment. But the two views are quite different. Unfortunately, in many cases, they were misinterpreted as the same or even miscredited from one to another.



According to Eddington, the law that entropy always increases holds the supreme position among the laws of Nature. Then, the law should lead to definable causality for Einstein’s grand unification. But that did not happen. Instead, many different versions of entropy appeared as a measure for disorder; negative entropy appeared as a measure for order.



According to Einstein, thermodynamics and entropy, as the only physical theory of universal content, will never be overthrown, but only within the framework of the applicability of its basic concepts. It is clear that Einstein was not expecting the theory of entropy to bring him the grand unification. This view is corroborated by many of his related comments.



He asserted [102]: “Pure thought can grasp reality” and “Nature is the realization of the simplest conceivable mathematical ideas”.



He asserted [103]: “Physics constitutes a logical system of thought which is in a state of evolution, whose basis (principles) cannot be distilled, as it were, from experience by an inductive method, but can only be arrived at by free invention. The justification (truth content) of the system rests in the verification of the derived propositions by sense experiences…”.



Gödel’s incompleteness theorems [104] seemed to conclude that it was impossible to axiomatize physics logically, but Einstein disagreed and stated [105]: “For the time being we have to admit that we do not possess any general theoretical basis for physics which can be regarded as its logical foundation”.



He further suggested that definable causality is necessary beyond the formal truth-based logic in Euclidean geometry and empirical causality [106].



Now, history has proven that Einstein was right. It is BUMP in BDL—the logic of bipolar strings and bipolar entropy—that reached GRBS with logically definable causality in regularity. Bipolar entropy as a non-additive algebraic theory is clearly equilibrium-based, mathematical, and physical, focused on information conservation, regeneration, and degeneration [1,8] where complete background independence becomes essential for quantum emergence/submergence of spacetime and agentic AI/QI.




5.4. On the Math of Physics


It is widely believed that entropy remains a cornerstone, with some views suggesting it is a deeper, almost mathematical concept applied to physical systems rather than just a material property. The “almost” word is an honest admission that unipolar entropy could be the math of classical physics and IS, but not the math of quantum physics and QIS. Notably, the saying “It from bit” [107] is being shifted to the saying “It from qubit” [108,109]. But, without background independence, quantum mechanics in Hilbert space [20,55] cannot reach logically definable causality. Would it shift again to the saying “It from equilibraton or bipolar qubit”? Among the three alternatives, classical bit is truth-based but not physical; qubit is physical but not equilibrium-based causal-logical and not background-independent; equilibraton or bipolar entropy could be the only unification of information, math, and physics in bipolar equilibrium-based causal-logical quantum gravity terms with complete background independence [1,8].



Arguably, the math of physics has to be background-independent, causal-logical, set-theoretic, algebraic, and equilibrium-based in nature, which enables ubiquitous emergence and submergence of QA and QI as quantum entanglement of bipolar string collections. Subsequently, with the properties of equilibraton, collective entanglement of bipolar strings, energy/information invariance, bipolar entropy square, bipolar entropy non-additivity, and equilibrium-based plateau-concavity, bipolar entropy is necessary and unavoidable because it stands as the only entropy theory backed by BQG, BDL/BDFL, BQLA, BUMP, and GRBS—the math of physics and QIS with logically definable causality in regularity, mind-light-matter unity, and complete background independence [1,8].



This line of research follows Einstein’s assertions/predictions after he discovered general relativity theories [50,51]. It has been shown that the equilibrium-based paradigm of global realism with bipolar strings or GRBS as a causal-logical quantum gravity theory [1] can make quantum entanglement/superposition paradox-free with brain-universe similarity and mind-light-matter unity in logical terms. While unipolar entropy plays a central role in classical physics and classical information science (IS), it is either background-dependent or non-physical. Without bipolar dynamic equilibrium, it is incapable of playing the central role of collective regulation of equilibrium-based quantum entanglement/superposition in quantum physics and quantum information science (QIS) for ubiquitous QAQI in the mental world as well as in the physical world. Without QAQI emergence, there would be no new spacetime, no new ideas, no grown-up, no machine thinking and imagination for human-level intelligence [1,9,10,66].



As an equilibrium-based regulatory measure of collective quantum entanglement of bipolar strings, bipolar entropy can play the regulatory role in management, quantum-bio-economics, quantum-cryptography, and QIS, as well as in quantum physics, quantum biology, and quantum cognition. Ideas about the relationship between entropy and living organisms have inspired hypotheses and speculations in many contexts, including psychology, information theory, the origin of life, and the possibility of extraterrestrial life. It is evident, however, that bipolar entropy is the only way to unify negative and positive energy/information for equilibrium-based quantum emergence/submergence of collectively regulated bipolar strings as ubiquitous entanglement.





6. Conclusions


Following the GRBS theory of causal-logical quantum gravity, basic concepts of bipolar entropy vs. entropy and negentropy have been reviewed and distinguished. The concepts of energy/information-conservational bipolar entropy, collective entanglement of bipolar strings, energy/information invariance, bipolar entropy square, and equilibrium-based plateau-concavity have been introduced. It has been shown that classical entropy is a measure of disorder and negative entropy is a measure of order, and both are truth-based and unipolar without complete background-dependence; bipolar entropy and bipolar entropy matrix as bipolar equilibrium-based unifications of unipolar entropy measures are associated with bipolar strings for global realism with complete background independence [1]. Thus, as a holistic regulatory structure, a bipolar entropy matrix can collectively regulate a set of bipolar strings in dynamic equilibria or non-equilibria to form an emerging quantum entanglement—a multidimensional bipolar QA for QI in the mental as well as the physical worlds [1,8,9,10,21]. Based on the bipolar string theory, the ER = EPR conjecture has been extended to ER ≥≥ EPR that bridges the untestable monopole string theory to a scalable/testable bipolar string theory. The extension has led to testable predictions on AI&QI. The term “equilibraton” has been coined as a type of generic bipolar string. It is conjectured as a fundamental entropic existence that collectively stitches the multi-universes together into one universe for Einstein’s grand unification. The nature of the one-dimensional arrow of time has been conjectured.



Case studies have been reviewed to illustrate different applications of bipolar entropy measures that appeared in alternative terminology. The bridging role of bipolar entropy between AI-QI and IS-QIS has been analyzed. It has been shown that, on one hand, bipolar entropy measures can be used for real-world applications in supply chain management, economics, and cryptography. On the other hand, the bipolar measures can play a key role in bridging truth-based reasoning to equilibrium-based bipolar dynamic reasoning for causal-logical quantum gravity in physics and quantum biology in algebraic terms, where ER ≥≥ EPR.



While Shannon entropy led to catchphrase “it from bit”, empirical quantum computing led to catchphrase “it from qubit”, bipolar entropy is leading to catchphrase “it from equilibraton or bipolar qubit”. How could that be possible? Because the equilibrium-based bipolar paradigm represents a fundamental paradigm shift for analytical quantum computing, moving from truth-based unipolar information processing to equilibrium-based, analytical, causal-logical AI&QI [1,8,9,10].



It can be concluded that, as normalization of reality, bipolar entropy not only can play a key role for real-world commercial applications but also provides a foundation for the ubiquitous emergence/submergence of quantum agents in QIS. That leads to quantum cognition and quantum biology (QCQB) for mind-light-matter unity AI&QI [1,8,9,10,110]. Furthermore, with bipolar entropy measures, entangled machine thinking and imagination (EMTI) [1] is expected to enable large language AI models (or LLMs) and humanoid robots to engage in creative machine thinking and imagination for human-level intelligence in addition to empirical reasoning with big data.
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Figure 1. Logically definable causality with brain–universe similarity (adapted from [1]): (a) ER; (b) EPR; (c) BUMP—A logical-physical foundation of causal-logical quantum gravity. 
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Figure 2. Quantum Emergence/Submergence: (a) Bipolar entropy square in BQG; (b) Equilibrium-based plateau-concavity regulated with three levels of bipolar entropy. 
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Figure 3. From Quantum Emergence to Agentic AI/QI. 
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Figure 4. Supply chain Management (Adapted from [86]): (a) Bipolar CM; (b) 1st rebalancing; (c) Bipolar curves; (d) Curves in bipolar geometry; (e) 2nd rebalancing (in percentage). 
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Figure 5. Quantum Economics (Adapted from [69]): (a) Bipolar cognitive map of 2014 US-China-EU trade (in million euros); (b) Trade number matrix; (c) Transforming/Normalizing trade data to a bipolar entropy matrix; (d) Rebalancing trades to equilibrium; (e) Curves of rebalancing. 






Figure 5. Quantum Economics (Adapted from [69]): (a) Bipolar cognitive map of 2014 US-China-EU trade (in million euros); (b) Trade number matrix; (c) Transforming/Normalizing trade data to a bipolar entropy matrix; (d) Rebalancing trades to equilibrium; (e) Curves of rebalancing.



[image: Quantumrep 08 00036 g005]







[image: Quantumrep 08 00036 g006] 





Figure 6. Information conservational decryption (adapted from [69]): (a) Decrypting a big integer total to percentages; (b) Curves of decryption; (c) Proof of precision; (d) Rebalancing proof. 
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Figure 7. Matter or antimatter atom as a YinYang-n-element cellular structure (Adapted from [14]). 
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Figure 8. Matter-Antimatter Unification (adapted from [14]). 
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Figure 9. Integration of bipolar cellular subsystems to a cell or neuron (adapted from [14]). 
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Figure 10. A Logical path from neural ensemble formation to mind-light-matter unity cognition with collectively regulated bipolar strings (Adapted from [10]): (a) From quantum-neuro-biological to mental-causal-logical; (b) Entangled brain functionalities; (c) Entangled human-level intelligence. 
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Table 1. Bipolar entropy vs. unipolar entropy—A comparison.
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	Feature
	Unipolar Entropy or Negentropy
	Bipolar Entropy





	Focus
	Disorder/uncertainty, or order/certainty
	Unification of order and disorder



	Polarity
	Unipolar (positive or negative)
	Bipolar (two poles)



	Background
	Background-dependent, being-centered
	Background independent, harmony-centered



	Logic
	Truth-based within spacetime

(Classical Boolean/Fuzzy Logic)
	Equilibrium-based beyond spacetime

(Bipolar Dynamic Logic or BDL)



	Causality
	Undefinable—a 2300-year dilemma
	Causal-logical and definable in regularity



	Function
	Information capacity of a channel
	Regulation of “quantum agents” for AI and QI



	Slogan
	“It from bit” or “It from qubit”
	“It from equilibraton or bipolar qubit”



	Major Application
	Enable empirical AI machine learning in LLMs with truth-based reasoning
	Enable entangled causal-logical machine thinking & imagination with equilibrium-based reasoning



	Emergence of AI&QI
	Background-dependent property does not support quantum emergence
	Quantum emergence is supported by complete background independence



	Realism
	Local realism limited by speed of light
	Global realism with bipolar strings (GRBS)
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