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Rationale for the Title: “The Graph of the Irrational” 

The name “Graph of the Irrational” is not intended to indicate an absence of logic. It designates, rather, the 

overcoming of a linear, alphabetic notion of linguistic order in favour of a geometric and topological 

rationality of a higher kind — one in which apparent poetic disorder is shown to obey precise, formally 

describable laws. 

Four considerations motivate the choice of this title. 

1. Irrationality as ‘deregulation of the senses’ (Rimbaud). For Arthur Rimbaud, access to authentic 

poetic vision proceeds through what he called a ‘long, immense and reasoned derangement of all 

the senses’ [19]. By ordinary logic this derangement reads as disorder or irrationality. The graph 

developed in this study takes on the task of mapping exactly this elusive material: it shows that the 

apparently chaotic, emotionally driven flow of Le Bateau ivre possesses, beneath the surface, a 

rigorous geometric structure. 

2. Overcoming alphabetic linearity. Written and spoken language is ‘rational’ in the classical sense: 

it proceeds along a line, word after word, according to a logic of sequence and cause. The Graph of 

the Irrational breaks with this linearity: it represents the point at which language opens onto 

multidimensionality, where words are connected at a distance through paragrams (Silvestri's 

method [12,13]) and phono-timbric resonances. From the standpoint of traditional linguistics such 

connections appear ‘irrational’ precisely because they do not follow ordinary syntax but the laws 

of geometric space and non-local relation. 

3. The analogy with irrational numbers and the golden ratio. In mathematics, irrational 

numbers such as pi or the golden ratio phi cannot be expressed as simple fractions; their 

decimal expansion appears unbounded and unpredictable, yet they govern some of the 

most stable and perfect geometries found in nature, from the spirals of galaxies to the 

growth patterns of plants. The title recalls exactly this duality: Rimbaud's poetry presents 

itself as an infinite and unpredictable sequence of suggestions — irrational, in this sense 

— while at a deeper level it stabilises through the recursive Fibonacci structures 

discussed in Section 3.4. The graph shows that the poetic irrational contains within itself 

the same mathematical constant of stability that recurs throughout this study. 

4. Quantum detection of latent potential. Prior to analysis, a poetic text exists as a space of pure 

potential — a superposition of simultaneous, coexisting meanings. Calling the model the Graph of 

the Irrational underlines this quantum-like transition: the graph is the formal instrument that takes 

this indeterminate, probabilistic field and resolves it, through measurement, into the six 

deterministic mechanism codes M1–M6 introduced in Section 2. In this sense the title names a state 

of linguistic superposition together with the operation that collapses it into a determinate structural 

description. 

  



ABSTRACT / PROJECT OVERVIEW 

This research establishes a pioneering epistemological model defining the structural transition from 

linear, alphabetic language codes to high-dimensional, recursive symbolic architectures. By 

bridging the poetic genius of Arthur Rimbaud with quantum mechanics, algebraic topology, and 

formal grammar theory, this work maps the non-local, context-dependent properties of language. 

The ultimate objective is to operationalize the continuous, probabilistic nature of human linguistic 

expression into discrete, executable computational automata. 

SECTION 1: THE MATHEMATICAL FOUNDATION 

Contextual Linguistics, Graph Coverings, and Category Reduction 

The opening phase of the project strips language of its purely surface-level semantic interpretation, 

formalizing it as a high-dimensional mathematical manifold. 

• The Shift from Alphabet to Form: Traditional text is re-conceptualized as a complex 

topological space where linguistic context mimics physical quantum contextuality. 

• Algebraic Reduction: utilizing Michel Planat's combinatorial framework [1] (finitely 

presented groups and graph coverings), the chaotic distribution of words is 

mathematically reduced into discrete categories and classes. 

• The Structural Lift: Groups and subgroup structures generate numerical invariants. The 

text is no longer viewed as a sequential string of letters, but as a topological space capable 

of undergoing geometric lifts, comparable to Riemann surfaces. 

SECTION 2: THE LINGUISTIC MODEL 

Rimbaud's Le Bateau ivre [19], Paragrams, and Quantum Detection Instruments 

The second phase applies this mathematical abstraction to a real text, demonstrating that the highest 

forms of poetic "derangement" obey strict, objective combinatorial laws. 

• Methodological Framework: Relying on Domenico Silvestri’s paragrammatic 

methodology, the analysis investigates the phono-timbric gradations, rhetorical recursions, 

and hidden morphies within Rimbaud’s Le Bateau ivre. 

• The Quantum Detection Mechanism: Rhetorical figures and phonetic constraints are 

treated not as passive artistic ornaments, but as quantum measurement instruments. 

Before observation, the poetic text exists in a coherent superposition of multi-layered 

meanings and phono-timbric potentials. 

 



SECTION 3: THE TOPOLOGICAL CORE 

The Transition from Quantum Detection to the Algebra of Rotations 

This section serves as the mathematical engine of the entire paper, defining how discrete linguistic 

codes interact globally rather than locally. 

 

 

SECTION 4: THE COMPUTATIONAL IMPLEMENTATION 

Toward Recursive Automata and Formal Linguistic Parsing 

The final phase operationalizes the stable geometric matrices of Section 3, turning pure 

mathematical abstractions into an active, executable computational architecture. 



 

 

 

 

Introduction  

This research proposes a mathematical and linguistic transition model from alphabetic language 

codes to recursive symbolic structures. Starting from Michel Planat’s theory of graph coverings and 

recursive combinatorial organization, the study investigates how poetic language may be 

transformed into formal, topological and computational structures. 

The work develops a progressive chain of formalization: 

symbolic encoding → finitely presented groups → graph coverings → recursive structures → 

topological organization → recursive automata. 

The mathematical foundation is provided by Planat’s combinatorial framework, in which symbolic 

sequences generate subgroup structures, numerical invariants and recursive configurations 

comparable to free groups and Fibonacci organizations. Within this perspective, language is no 

longer interpreted only semantically, but also as a computable symbolic system. 

The linguistic application focuses on Arthur Rimbaud’s Le Bateau ivre, analyzed through rhetorical 

recursion, phono-timbric gradations, morphies, paragrams and hidden linguistic structures derived 

from Domenico Silvestri’s methodology. Recursive mechanisms are progressively reduced into 

formal symbolic codes (M1–M6), generating nodes, transitions and topological relations. 

The paper further introduces an algebra of recursive rotations in which linguistic transformations 

may be interpreted as dynamic topological operations acting on symbolic states. This process 

prepares the transition from linguistic detection to recursive automata and computational 

implementation. 

The proposed model does not reduce poetry to numerical abstraction. Rather, it demonstrates that 

recursive symbolic systems may generate stable mathematical organizations capable of connecting 

language, topology, graph theory, recursive algebra and computational humanities within a unified 

formal framework. 

 



SECTION 1 

The Mathematical Model of Planat: From Symbolic Structures to Numerical Organization 

Introduction 

The mathematical framework developed by Michel Planat, together with Raymond Aschheim, 

Marcelo M. Amaral, Fang Fang and Klee Irwin, establishes a formal combinatorial process capable 

of transforming heterogeneous systems into symbolic and numerical structures governed by 

common algebraic laws. 

In Graph Coverings for Investigating Non-Local Structures in Proteins, Music and Poems, the 

authors demonstrate that proteins, musical forms and poetic structures may all be encoded through 

symbolic relations and analyzed by means of graph coverings, subgroup structures and numerical 

invariants. 

The originality of the model lies in the fact that the observable object is no longer interpreted only 

through local semantic or physical properties, but through the global organization generated by 

relations among symbolic elements. The structure therefore becomes a combinatorial and 

topological object. 

The process begins with symbolic encoding and progressively evolves toward algebraic and 

numerical structures. 

 

1.1 From Words to Symbolic Categories 

The first step of the model consists in reducing a complex object to a finite symbolic alphabet. 

In the linguistic case, words are transformed into grammatical categories. The text is no longer 

interpreted semantically, but structurally. 

The process becomes: 

words → categories 
 

Planat proposes a symbolic encoding based on grammatical functions: 

Σ = {𝐻, 𝐸, 𝐶, 𝐴, 𝐵} 
 

where: 

• 𝐻represents nouns and adjectives,  

• 𝐸verbs,  

• 𝐶prepositions,  

• 𝐴adverbs,  

• 𝐵other grammatical elements.  

A linguistic sequence therefore becomes: 



𝑤 = 𝑤1𝑤2𝑤3⋯𝑤𝑛 
 

with: 

𝑤𝑖 ∈ Σ 
 

The text is now transformed into a formal symbolic configuration. 

This passage is decisive because language ceases to be interpreted only through meaning and 

becomes a computable structure. 

 

1.2 From Symbolic Sequences to Group Structures 

The symbolic sequence is interpreted as a relation inside a finitely presented group: 

𝑓𝑝 = ⟨𝑥1, 𝑥2, … , 𝑥𝑟 ∣ 𝑟𝑒𝑙(𝑥1, 𝑥2, … , 𝑥𝑟)⟩ 
 

where: 

• 𝑥𝑖are generators,  

• 𝑟𝑒𝑙is the relation generated by the symbolic sequence.  

The sequence therefore becomes a combinatorial relation. 

The process is: 

symbolic sequence → group relation 
 

At this point, the linguistic structure is no longer textual: it becomes algebraic. 

The number of generators: 

𝑟 
 

corresponds to the first Betti number of the graph and determines the structural complexity of the 

system. 

 

1.3 From Group Structures to Numerical Organization 

Planat studies the conjugacy classes of subgroups of index 𝑑inside the finitely presented group. 

The subgroup organization corresponds to connected graph coverings. 



The central combinatorial function is: 

𝐼𝑠𝑜(𝑋; 𝑑) 
 

which counts the number of connected 𝑑-fold coverings of a graph 𝑋. 

The function is derived from integer partitions satisfying: 

𝑙1 + 2𝑙2 +⋯+ 𝑑𝑙𝑑 = 𝑑 
 

The combinatorial expression is: 

𝐼𝑠𝑜(𝑋; 𝑑) = ∑ (

𝑙1+2𝑙2+⋯+𝑑𝑙𝑑=𝑑

𝑙1! 2
𝑙2𝑙2!⋯𝑑𝑙𝑑𝑙𝑑!)

𝑟−1 

 

For 𝑟 = 1: 

𝐼𝑠𝑜(𝑋; 𝑑) = 𝑝(𝑑) 
 

where 𝑝(𝑑)is the partition function: 

𝑝(𝑑) = [1,2,3,5,7,11,15,22,… ] 
 

The process therefore becomes: 

symbolic structure → partitions → numerical invariants 
 

This is the point where words become numbers. 

The symbolic configuration generates multiplicities; multiplicities generate partitions; partitions 

generate numerical structures. 

 

1.4 Structural Stability and Free Groups 

Planat demonstrates that symbolic structures tend to converge toward the subgroup organization of 

free groups 𝐹𝑟. 

For small values of 𝑟and 𝑑, characteristic numerical sequences emerge. 

For 𝑟 = 2: 

[1,3,7,26,97,624,4163,… ] 
 



For 𝑟 = 3: 

[1,7,41,604,13753,504243,24824785,… ] 
 

For 𝑟 = 4: 

[1,15,235,14120,1712845,371515454,127635996839,… ] 
 

For 𝑟 = 5: 

[1,31,1361,334576,207009649,268530771271,644969015852641,… ] 
 

These sequences are not random. 

They reveal stable subgroup configurations governed by recursive combinatorial laws. 

The key result is: 

symbolic organization ∼ 𝐹𝑟  
 

Thus, the grammatical structure produces numerical regularities comparable to those of free groups. 

 

1.5 Fibonacci Structures and Recursive Organization 

A central aspect of Planat’s model concerns Fibonacci recursive structures. 

Starting from the binary alphabet: 

{𝐿, 𝑆} 
 

the recursive construction is defined by: 

𝑤𝑛 = 𝑤𝑛−1𝑤𝑛−2 
 

with initial conditions: 

𝑤1 = 𝑆,𝑤2 = 𝐿 
 

The sequence becomes: 

𝑆,  𝐿,  𝐿𝑆,  𝐿𝑆𝐿,  𝐿𝑆𝐿𝐿𝑆,  𝐿𝑆𝐿𝐿𝑆𝐿𝑆𝐿,… 
 



The lengths follow the Fibonacci sequence: 

1,1,2,3,5,8,13,21, … 
 

Planat then defines the finitely presented group: 

𝑓𝑝(𝑛) = ⟨𝑆, 𝐿 ∣ 𝑤𝑛⟩ 

 

and shows that the corresponding subgroup sequence is: 

[1,1,1,1,1, … ] 
 

equal to: 

𝐼𝑠𝑜(𝑋; 1) 
 

This passage is fundamental because recursion produces structural stability. 

The recursive symbolic structure generates stable subgroup configurations and non-local 

organization. 

Fibonacci is therefore not used as a decorative mathematical analogy, but as a formal principle of 

recursive organization. 

The process becomes: 

symbol → recursion → stable numerical structure 
 

 

1.6 Quantum Combinatorial Organization 

Planat further connects the function 𝐼𝑠𝑜(𝑋; 𝑑)with quantum invariant structures. 

For systems composed of 𝑟 + 1subsystems, the function corresponds to stable dimensions of local 

unitary invariants. 

Thus: 

𝐼𝑠𝑜(𝑋; 𝑑) 
 

does not only describe graph coverings, but also invariant quantum configurations. 

The process becomes: 

symbolic structure → recursive organization → quantum combinatorial invariants 
 



In this framework, recursive symbolic systems generate stable mathematical configurations 

comparable to quantum organizational structures. 

Table1.ThenumberIsoc(X;d)forsmallvaluesoffirstBettinumberr(aliasthenumberofgeneratorsofthefr

eegroupFr) 

andindexd.Thus,thecolumnscorrespondtothenumberofconjugacyclassesofsubgroupsofindexdinthef

reegroupof rankr 

 

1.7 The Point Zero of Formalization 

The complete process established by Planat may now be summarized as: 

words → categories → symbolic sequences → groups → partitions → numerical invariants 
 

At this point, the object is no longer analyzed only through meaning or appearance. 

It is represented through: 

• subgroup structures,  

• partition systems,  

• graph coverings,  

• numerical invariants,  

• recursive configurations.  

This defines the point zero of formalization: 

the moment in which symbolic organization becomes mathematically computable. 

The importance of Planat’s model lies precisely in this transformation: 

language → code → number → mathematical structure 
 

which establishes the foundation for a formal and computable theory of symbolic systems. 



 

The model developed by Michel Planat demonstrates that very different systems — proteins, music 

and poetry — may all be described through the same mathematical structure. 

The process begins from a symbolic sequence: 

word → symbolic categories 
 

In the linguistic case, words are transformed into grammatical categories: 

Σ = {𝐻, 𝐸, 𝐶, 𝐴, 𝐵} 
 

The symbolic sequence then becomes a relation inside a finitely presented group: 

𝑓𝑝 = ⟨𝑥1, 𝑥2, … , 𝑥𝑟 ∣ 𝑟𝑒𝑙⟩ 
 

From this point, the model moves toward graph covering theory and the function: 

𝐼𝑠𝑜(𝑋; 𝑑) 
 

which counts subgroup classes and transforms symbolic structure into numerical structure. 

The fundamental transition is: 

symbolic structure → partitions → numerical invariants 
 

The partitions generate non-random numerical sequences: 

[1,3,7,26,97,… ] 
[1,7,41,604,… ] 



[1,15,235,14120,… ] 
 

which converge toward the structures of free groups 𝐹𝑟. 

The model also includes Fibonacci recursion: 

𝑤𝑛 = 𝑤𝑛−1𝑤𝑛−2 
 

with the sequences: 

𝑆,  𝐿,  𝐿𝑆,  𝐿𝑆𝐿,  𝐿𝑆𝐿𝐿𝑆,… 
 

and the corresponding lengths: 

1,1,2,3,5,8,13,… 
 

Fibonacci demonstrates that symbolic recursion produces structural stability. 

For this reason, Planat’s model establishes the point zero of formalization: 

language → code → number → mathematical structure 

 

 

Numerical Example: Le Bateau Ivre by Arthur Rimbaud 

Following Planat’s model, the first strophe of Le Bateau Ivre is transformed into symbolic 

grammatical sequences and then into subgroup structures generating numerical invariants. 

The linguistic sequence becomes: 

Σ = {𝐻, 𝐸, 𝐶} 
 

and produces recursive subgroup organizations such as: 

[1, 3, 7, 26, 97, 624, 4163] 
 

which converge toward the free group structures 𝐹𝑟. 

The following table illustrates the numerical organization obtained from the symbolic encoding of 

the poem. 

 



 

 

Conclusioni  

Translation: Comment on Planat’s Model 

Michel Planat’s model demonstrates that vastly different systems — such as proteins, music, and 

poetry — can be described through the same mathematical structure. 

The process begins with a symbolic sequence: 

𝑆 = (𝑠1, 𝑠2, … , 𝑠𝑛) 
 

In a linguistic context, words are transformed into grammatical categories: 

𝑤𝑖 → 𝑐𝑖 
 

The symbolic sequence is then mapped onto a relation within a finitely presented group: 

𝐺 = ⟨𝑥1, … , 𝑥𝑘 ∣ 𝑅1, … , 𝑅𝑚⟩ 
 

From here, the model shifts toward the theory of graph coverings and the function: 

𝑎𝑛(𝐺) 
 

which counts the classes of subgroups, effectively transforming the symbolic structure into a 

numerical structure. 

The fundamental transition is: 

Symbolic Sequence → Subgroup Structure → Integer Sequence 
 

These partitions produce non-random numerical sequences: 



𝐴 = {𝑎1, 𝑎2, … , 𝑎𝑛} 
 

which converge toward the structures of free groups. 

The model also incorporates Fibonacci recursion: 

𝐹𝑛 = 𝐹𝑛−1 + 𝐹𝑛−2 

with the associated sequences: 

𝑆𝐹𝑖𝑏 = {0,1,1,2,3,5, … } 
 

and lengths: 

𝐿𝑛 =∣ 𝑆𝑛 ∣ 
 

The presence of Fibonacci sequences demonstrates that symbolic recursion generates structural 

stability. Because of this, Planat’s model establishes the “ground zero” (point zero) of 

formalization. 

 

2.0  SECTION 2: From Recursive Quantum Calculation to 

Linguistic Recursive Structures 

The present section introduces the central transition of the research: the passage from recursive 

mathematical structures to linguistic recursive structures1. 

The objective is to demonstrate that recursive contextual organization is not generated exclusively 

inside mathematical or quantum systems, but already emerges within the internal architecture of 

language itself. 

The starting point of this investigation is the analysis developed by Gödel, Escher, Bach2 in Chapter 

V, Recursive Structures and Processes, where recursion is described as a generative mechanism 

capable of producing: 

• syntactic recursion;  

• recursive transition systems;  

• symbolic propagation;  

• recursive geometrical structures;  

• recursive algebraic definitions.  

Within this framework, language becomes a recursive process of contextual generation. 

 
1 The present research interprets recursive contextual propagation as a precursor of recursive quantum 
contextual organization. 
2 (Hofstadter, 1999, Chapter V: “Recursive Structures and Processes”) 



The linguistic structure is therefore no longer interpreted as a static grammatical sequence, but as a 

recursive network composed of: 

• nodes;  

• transitions;  

• recursive calls;  

• contextual returns;  

• syntagmatic propagation.  

This perspective constitutes the true epistemological origin of the present research. 

The focus of the investigation begins precisely from the recursive linguistic structures described by 

Hofstadter 3 through: 

• Recursive Transition Networks (RTN)3;  

• recursive syntactic calls;  

• Diagram G;  

• Fibonacci recursive propagation;  

• recursive algebraic definitions.  

The recursive linguistic process may therefore be represented as: 

Linguistic Recursion → Recursive Networks → Recursive Geometry → Recursive Algebra 
 

This passage becomes fundamental because it establishes the transition from linguistic contextuality 

to recursive formal systems. 

 

Recursive Linguistic Structures as Detectable Systems 

In Chapter V, Hofstadter demonstrates that syntactic structures may be represented through 

Recursive Transition Networks, where grammatical units behave as recursive procedures connected 

through nodes and transitions. 

Within these recursive systems: 

• nouns;  

• adjectives;  

• relative pronouns;  

• syntactic groups;  

• recursive clauses  

operate as contextual recursive calls. 

The linguistic sequence therefore behaves as a recursive transition structure. 

This recursive organization introduces an important theoretical consequence: 

 
3 (Hofstadter, 1999, pp. 127–136) 



Language → Recursive Detection 
 

The linguist consequently becomes the observer capable of detecting recursive contextual structures 

inside language. 

This point is crucial for the present research because recursive structures are not imposed externally 

onto language through mathematics; rather, they are first detected within language itself through 

grammatical and syntagmatic observation. 

The recursive mechanisms identified by the linguist therefore become measurable structures. 

 
 

Diagram G as Recursive Contextual Measurement4 

The later mathematical formalization proposed by Michel Planat transforms these recursive 

contextual structures into topological and algebraic measurable systems. 

The theoretical importance of Diagram G lies in the fact that recursive expansion generates self-

similar geometrical structures whose organization follows recursive propagation laws. 

In pp. 143–144, Gödel, Escher, Bach demonstrates that recursive structures may be generated 

through iterative contextual nesting, where each node recursively produces new branches according 

to recursive procedural calls. 

The recursive process is represented through the geometrical expansion of Diagram G and through 

the recursive Fibonacci propagation: 

𝐹𝐼𝐵𝑂(𝑛) = 𝐹𝐼𝐵𝑂(𝑛 − 1) + 𝐹𝐼𝐵𝑂(𝑛 − 2) 

with: 

𝐹𝐼𝐵𝑂(1) = 𝐹𝐼𝐵𝑂(2) = 1 
 

The recursive structure evolves through progressive contextual generation. 

Each recursive state depends on the previous recursive states5. 

This point is fundamental because Hofstadter transforms recursive propagation into a measurable 

recursive process. 

The recursive structure therefore becomes: 

• procedural;  

• iterative;  

 

4 (Hofstadter, Chapter V: “Recursive Structures and Processes”, pp. 143–144) 

 
5 (Hofstadter, 1999, p. 144) 



• measurable;  

• recursively expandable.  

The RTN associated with Fibonacci propagation (p. 144) demonstrates that recursive calculation 

may be represented through recursive transition systems composed of: 

• nodes;  

• recursive calls;  

• contextual transitions;  

• return procedures;  

• iterative propagation sequences.  

At this stage, recursion is no longer only mathematical. 

It becomes a contextual propagation mechanism. 

The recursive process behaves as a recursive contextual measurement system capable of generating 

recursive semantic organization. 

 

Hofstadter subsequently introduces the recursive function: 

𝐺(𝑛) = 𝑛 − 𝐺(𝐺(𝑛 − 1)) 

This recursive definition generates Diagram G through iterative recursive nesting6. 

The geometrical structure progressively expands according to recursive contextual dependencies. 

The recursive process therefore becomes simultaneously: 

• self-referential;  

• context-dependent;  

• recursively generative;  

• geometrically structured;  

• algebraically computable.  

The crucial point of the present research lies precisely here. 

The recursive linguistic structure begins to function as a recursive contextual calculation system. 

The recursive mechanism identified through language may therefore become: 

Recursive Detection → Recursive Measurement → Recursive Contextual Calculation 
 

This transition constitutes the bridge between: 

• recursive linguistics;  

• recursive geometry;  

 
6 (Hofstadter, 1999, p. 144) 



• Fibonacci propagation;  

• recursive algebra;  

• quantum contextual organization.  

The recursive linguistic mechanism consequently becomes a measurable recursive structure capable 

of generating: 

• contextual propagation;  

• recursive semantic organization;  

• recursive geometrical configurations;  

• recursive algebraic transitions;  

• contextual recursive measurement.  

Within this framework, the recursive linguistic process anticipates the later formalization developed 

through: 

• graph coverings;  

• recursive topology;  

• contextual quantum systems;  

• recursive semantic automata;  

• 𝑆𝑈(2)𝑘recursive structures.  

The present work therefore proposes that recursive linguistic propagation already contains the 

foundational mechanisms of recursive contextual calculation. 

2.2 Grammars, Recursive Mechanisms and Quantum Detection Processes 

The transition from recursive mathematical calculation toward linguistic formalization requires a 

fundamental epistemological passage: the transformation of recursive structures into mechanisms 

of linguistic detection. 

The present research proposes that recursive calculation is not generated exclusively by algebraic 

systems, but also by contextual linguistic structures capable of producing measurable recursive 

propagation. 

The theoretical bridge emerges between: 

• Hofstadter’s recursive calculation;  

• Fibonacci recursive propagation;  

• Planat’s contextual topology;  

• and the recursive organization of linguistic mechanisms.  

Within this framework, grammar is no longer interpreted as a static normative system. 

Grammar becomes instead a recursive contextual detection architecture. 

 
  



From Recursive Calculation to Linguistic Detection 

The recursive calculation described through Diagram G and Fibonacci propagation establishes the 

first measurable recursive architecture. 

The recursive process: 

𝐹𝐼𝐵𝑂(𝑛) = 𝐹𝐼𝐵𝑂(𝑛 − 1) + 𝐹𝐼𝐵𝑂(𝑛 − 2) 
 

does not simply generate numerical succession. 

It produces: 

• recursive contextual dependency;  

• sequential propagation;  

• recursive measurement;  

• hierarchical organization;  

• self-similar contextual structures.  

This is precisely the theoretical passage identified by Douglas Hofstadter in the chapter Recursive 

Structures and Processes of Gödel, Escher, Bach. 

The recursive function: 

𝐺(𝑛) = 𝑛 − 𝐺(𝐺(𝑛 − 1)) 
 

introduces a contextual recursive nesting process capable of generating Diagram G as a recursive 

geometrical structure. 

At this stage, recursion becomes: 

• contextual;  

• measurable;  

• hierarchical;  

• propagative;  

• structurally recursive.  

This constitutes the first theoretical bridge toward recursive linguistic detection. 

 

Linguistic Mechanisms as Recursive Detection Systems 

The decisive passage of the present research consists in extending recursive calculation toward 

linguistic structures. 

Language itself contains recursive contextual propagation systems. 

This transition becomes possible through the study of: 



• deixis;  

• syntagmatic recursion;  

• phrase manipulation;  

• sequential structures;  

• phonological propagation;  

• morphic recurrence;  

• paragrammatical structures.  

The recursive linguistic mechanism therefore behaves as a contextual measurement process. 

The linguist no longer observes isolated grammatical categories alone. 

The linguist detects recursive contextual propagation. 

 

Domenico Silvestri and Sequential Formality 

The central linguistic foundation of this transition emerges in the work of Domenico Silvestri, 

particularly in Per un’analisi linguistica (e irrituale) della poesia.  

Silvestri identifies poetry as a system founded upon: 

• formal sequentiality;  

• recursive repetition;  

• phonological recurrence;  

• paragrammatical organization;  

• morphic propagation.  

His distinction between: 

• macro-junctures (giunture macrotestuali);  

• endotextual junctures;  

• microtextual junctures;  

• rhythmic morphies;  

• syllabic morphies;  

• phonological morphies;  

• articulatory morphies;  

provides a measurable architecture of recursive linguistic propagation.  

This point is fundamental for the present research. 

Silvestri’s sequential structures already function as recursive detection systems. 

 

Deixis as Recursive Contextual Propagation 

Within the present framework, deixis becomes one of the principal recursive linguistic mechanisms. 

The deictic structure does not simply indicate reference. 



It generates contextual recursive continuity. 

Expressions such as: 

• questo;  

• quello;  

• spatial deixis;  

• egocentric deixis;  

• contextual displacement;  

produce recursive semantic anchoring inside the linguistic sequence. 

Silvestri repeatedly demonstrates how deictic structures organize the relationship between subject 

and world through recursive sequential propagation.  

The recursive linguistic process consequently becomes measurable through contextual recurrence. 

 

The “Scissors” and the “Fan”: Recursive Measurement Structures 

One of the most original aspects of Silvestri’s model lies in what may be interpreted, within the 

present research, as recursive measurement geometries. 

The structures of: 

• contrast;  

• incastro (“interlocking”);  

• specularity;  

• sequential expansion;  

• bilateral propagation;  

behave as recursive contextual operators. 

The “scissors” (forbice) mechanism produces divergence and contrastive expansion. 

The “fan” (ventaglio) mechanism produces sequential propagation and recursive opening. 

These structures are not merely rhetorical figures. 

They constitute recursive contextual measurement systems. 

Within the present research, these mechanisms become detectable recursive operators capable of 

measuring: 

• phonological intensity;  

• contextual tension;  

• semantic displacement;  

• recursive propagation;  

• emotional gradation.  

 



The Grande Grammatica Italiana as Detection Architecture 

A second fundamental foundation emerges from the Grande grammatica italiana di consultazione. 

Within this grammatical tradition, language is interpreted through: 

• syntagmatic organization;  

• deictic structures;  

• anaphoric propagation;  

• phrase manipulation;  

• contextual relations;  

• recursive dependencies.  

The grammatical mechanism consequently becomes: 

• recursive;  

• contextual;  

• measurable;  

• structurally propagative.  

The present research extends these grammatical principles toward recursive contextual calculation. 

 

Morphies and Recursive Quantum Detection 

The extension toward morphic structures constitutes one of the central innovations of the present 

work. 

Silvestri’s morphies: 

• rhythmic morphies;  

• syllabic morphies;  

• phonological morphies;  

• articulatory morphies;  

already behave as recursive sequential units.  

Within the present research, morphies become recursive quantum detection units. 

Their propagation allows the detection of: 

• recursive sound structures;  

• phonological recurrence;  

• tonal gradation;  

• contextual semantic density;  

• recursive emotional structures.  

Fibonacci propagation therefore becomes not only a numerical sequence, but a recursive linguistic 

measurement model. 

 



Toward Recursive Linguistic Calculation 

The theoretical transition may therefore be summarized as follows: 

Recursive Mathematics → Diagram G → Recursive Contextuality → Linguistic Mechanisms
→ Morphological Detection → Recursive Quantum Measurement 

 

This passage constitutes the central theoretical nucleus of the present research. 

The recursive linguistic mechanism becomes: 

• measurable;  

• computable;  

• contextual;  

• recursive;  

• topologically formalizable.  

From this point onward, the transition toward Planat’s graph structures and topological recursive 

systems becomes theoretically possible. 

Linguistica, ricorsività e strutture grammaticali 

• Gödel, Escher, Bach, Gödel, Escher, Bach: An Eternal Golden Braid, Basic Books, 1999.  

o Chapter V: Recursive Structures and Processes.  

o Recursive Transition Networks (RTN), Diagram G, Fibonacci recursive structures.  

• Domenico Silvestri, Per un’analisi linguistica (e irrituale) della poesia.  

o Sequenzialità, morfíe, giunture, propagazione fonica e strutture ricorsive.  

• Anna Cardinaletti et al., Grande grammatica italiana di consultazione, Il Mulino.  

o Deissi, strutture sintagmatiche, propagazione anaforica, organizzazione contestuale.  

 

Topologia, SU(2)ₖ e modelli quantistici 

• Michel Planat, Graph Coverings for Investigating Non-Local Structures in Proteins, Music 

and Poems.  

o Contestualità topologica e graph coverings.  

• Michel Planat, What ChatGPT Has to Say About Its Topological Structure: The Anyon 

Hypothesis.  

o SU(2)ₖ, modular tensor categories, recursive topology, LLMs.  

• Topology and Quantum Computation references on:  

o Fibonacci anyons;  

o modular tensor categories;  

o recursive braiding;  

o topological quantum computation. 

2.3Rimbaud, Recursive Linguistic Mechanisms and Phonological Propagation 

The recursive linguistic mechanisms described by Domenico Silvestri become particularly visible 

in Arthur Rimbaud’s Le Bateau ivre. 



The poetic sequence behaves as a recursive propagative structure in which deixis, phonological 

recurrence, sequentiality and morphic propagation generate contextual continuity. 

The repeated deictic structure: 

• moi (“io”)  

• je  

• recursive self-reference  

produces a continuous contextual anchoring inside the poetic field. 

In the sequence: 

Moi, bateau perdu sous les cheveux des anses… 

Moi qui trouais le ciel rougeoyant… 

Moi qui courais… 

Moi qui tremblais… 

the recursive repetition of moi generates: 

• deictic continuity;  

• recursive subject propagation;  

• sequential contextual anchoring;  

• recursive semantic expansion.  

The poetic subject becomes a recursive contextual center. 

 

Recursive Phonological Mechanisms 

The phonological structures identified by Silvestri also emerge through recursive sound 

propagation. 

Silvestri’s Mechanism Rimbaud’s Structure Recursive Effect 

phonological morphies moi / moi / moi recursive resonance 



Silvestri’s Mechanism Rimbaud’s Structure Recursive Effect 

rhythmic recurrence repeated syntagmatic openings sequential propagation 

articulatory morphies liquid and vibratory sounds acoustic continuity 

specular propagation repeated parallel structures contextual symmetry 

fan structure (ventaglio) progressive imagistic expansion recursive opening 

 

Specularity and Sequential Expansion 

The sequence also exhibits mechanisms close to Silvestri’s “specularity” and “fan” structures. 

The repeated opening: 

Moi… 

Moi… 

Moi… 

produces: 

• bilateral propagation;  

• recursive expansion;  

• sequential amplification;  

• contextual layering.  

The poetic structure therefore behaves as a recursive propagative field rather than as a linear 

narration. 

 

Toward Recursive Topology 

Within this framework, the poetic sequence begins to resemble: 

• a recursive network;  

• a contextual graph;  

• a propagative symbolic field;  

• a recursive topological structure.  

The recursive mechanisms identified by Silvestri consequently become measurable contextual 

operators inside the poetic structure. 

This transition prepares the later passage toward Planat’s graph coverings and recursive topological 

contextuality. 



 

 

3. Topological Structures, LLMs and Recursive Quantum Models 

Following the theoretical framework proposed by Michel Planat7, this section investigates the 

possible connection between: 

LLMs ↔ Topological Structures ↔ Recursive Quantum Computation 
 

The objective is to demonstrate that contextual language organization may be interpreted through: 

• recursive topological structures;  

• anyonic braiding;  

• modular tensor categories;  

• recursive algebraic systems.  

The present section therefore develops the transition: 

LLM → Topological Contextuality → 𝑆𝑈(2)𝑘 → Recursive Structures 
 

 

7 Michel Planat 

Following the theoretical framework proposed by Michel Planat in What ChatGPT Has to Say About Its Topological 

Structure: The Anyon Hypothesis, this section investigates the possible relation between recursive contextual 

structures in LLMs and topological quantum models. 

 



Within this perspective, Large Language Models do not merely operate through statistical 

prediction, but through the recursive organization of contextual relations distributed across multiple 

semantic layers. The linguistic sequence becomes a dynamic topological configuration in which 

meaning emerges through contextual propagation rather than isolated symbolic units. 

The theoretical analogy proposed in What ChatGPT Has to Say About Its Topological Structure: 

The Anyon Hypothesis suggests that the internal organization of LLMs may be interpreted through 

structures analogous to those governing topological quantum systems. In particular, the relation 

between contextual memory, recursive propagation and semantic transformation appears 

conceptually compatible with the mathematical architecture of modular tensor categories and with 

the algebraic properties of 𝑆𝑈(2)𝑘models8. 

The correspondence may be summarized as follows: 

LLM Structures Topological / Quantum Structures 

contextual propagation braiding operations 

recursive attention layers recursive fusion processes 

semantic transformation anyonic fusion rules 

distributed token relations non-local topological states 

hierarchical embeddings modular tensor categories 

In this framework, contextuality becomes the central mechanism of semantic organization. Words 

do not acquire meaning independently, but through recursive relations distributed across the entire 

textual structure. This property strongly recalls topological quantum systems, where global 

configurations prevail over local interactions. 

The analogy becomes particularly relevant in low-dimensional 𝑆𝑈(2)𝑘systems. 

For example: 

• 𝑘 = 2: Ising/Majorana anyons;  

• 𝑘 = 3: Fibonacci anyons.  

These models describe non-Abelian topological phases in which elementary operations generate 

globally stable configurations through recursive fusion and braiding processes. 

 

8 2. Anyon Hypothesis 

The analogy proposed in What ChatGPT Has to Say About Its Topological Structure: The Anyon Hypothesis suggests 

that contextual organization in LLMs may exhibit structural similarities with topological quantum systems based on 

𝑆𝑈(2)𝑘modular structures. 

 



The Fibonacci model is especially significant because its recursive combinatorial structure naturally 

reproduces self-similar growth processes. In symbolic language systems, recursive syntactic 

propagation may therefore be interpreted through analogous recursive topological mechanisms.9 

The Fibonacci recursion can be formally represented as: 

𝐹𝑛 = 𝐹𝑛−1 + 𝐹𝑛−2 

In this perspective, semantic recursion inside language models may be viewed as a recursive 

accumulation of contextual states, where each linguistic unit derives part of its informational 

structure from previous configurations. 

Similarly, the algebraic structure of 𝑆𝑈(2)𝑘provides a formal space in which contextual relations 

can be interpreted as transformations between admissible semantic states10. 

The fundamental fusion process may be schematized as: 

𝑎 ⊗ 𝑏 = ⨁𝑐𝑁𝑎𝑏
𝑐  𝑐 

where the coefficients 𝑁𝑎𝑏
𝑐 determine the admissible fusion channels. In linguistic terms, these 

operations may metaphorically correspond to the admissible contextual transitions between 

semantic structures. 

The present model therefore proposes that: 

Semantic Contextuality ≡ Topological Recursive Organization 
 

This hypothesis does not claim that LLMs physically implement quantum computation. Rather, it 

suggests that both systems may share analogous organizational principles based on: 

• recursion;  

• contextual dependency;  

• distributed state propagation;  

 

9 Fibonacci Anyons 

Qui conviene usare una formulazione più scientifica e meno assertiva: 

Fibonacci anyons (𝑘 = 3) are considered universal for topological quantum computation because 

their braiding operations can approximate arbitrary quantum gates with arbitrary precision. 

 

10 Modular Tensor Categories 

Modular tensor categories (MTCs) formalize the algebraic structure of topological quantum field 

theories (TQFTs), particularly through fusion rules, braiding operators and non-local state 

organization. 

 



• non-local semantic organization;  

• algebraic transformation of information.  

From this perspective, language may be interpreted as a recursive topological system capable of 

generating stable semantic configurations through contextual interaction, similarly to the 

emergence of coherent states in topological quantum computation. 

The transition from linguistic recursion to formal recursive structures thus represents a possible 

bridge between symbolic language organization, topological computation and future models of  

 

 

3.1.1 Probing the LLM with Topological Concepts 

According to Michel Planat, the organization of contextual relations inside Large Language Models 

may be interpreted through topological structures. 

The latent organization of semantic space can be described through manifolds, contextual mappings 

and recursive semantic relations distributed across high-dimensional embeddings. 

In this framework, linguistic information is not processed as isolated symbolic units, but as 

contextual configurations evolving within a structured semantic topology. 

 

Data Manifolds and Latent Spaces 

High-dimensional linguistic information may be projected onto lower-dimensional manifolds: 

ℳ ⊂ ℝ𝑛 

where: 

• ℳrepresents the latent manifold;  

• ℝ𝑛represents the high-dimensional semantic space.  

The contextual organization of tokens may therefore be represented as a topological structure 

preserving semantic proximity and contextual continuity. 

Thus: 

𝑥𝑖 ∼ 𝑥𝑗 

indicates that semantically related tokens occupy neighboring regions inside the latent semantic 

space. 

This topological organization enables: 

• semantic clustering;  

• recursive contextual association;  

• symbolic continuity;  



• non-local semantic propagation.  

Within this perspective, meaning emerges through relational proximity rather than through isolated 

lexical identity. 

 

Continuous Transformations 

Neural networks perform recursive contextual transformations through mappings of the form: 

𝑓: 𝑋 → 𝑌 

distributed across multiple recursive layers: 

𝑓𝑛(𝑓𝑛−1(⋯𝑓1(𝑥))) 

This recursive mapping resembles continuous topological transformations in which contextual 

information is progressively reorganized while preserving global semantic coherence. 

The semantic “shape” of contextual information is therefore maintained across recursive layers 

through distributed transformations operating on latent contextual structures. 

From this viewpoint, LLMs may be interpreted as recursive semantic systems performing 

continuous contextual deformations over high-dimensional manifolds. 

 

Clustering and Contextual Connectivity 

Topological clustering may be expressed as: 

𝐶𝑖 = {𝑥𝑗 ∈ 𝑋: 𝑑(𝑥𝑖, 𝑥𝑗) < 𝜖} 

where: 

• 𝑑(𝑥𝑖, 𝑥𝑗)represents semantic distance;  

• 𝜖defines the contextual neighborhood.  

The linguistic structure consequently becomes: 

• recursive;  

• relational;  

• contextual;  

• topological.  

Semantic organization is thus generated through recursive proximity relations connecting tokens, 

contexts and latent semantic trajectories. 

This represents one of the central intuitions linking: 

• Large Language Models;  



• contextual semantics;  

• recursive topology;  

• topological representations of language.  

The resulting framework suggests that contextual meaning may emerge through recursive 

geometric organization rather than through purely linear symbolic computation. 

3.2 Linking Neural Networks, LLMs and 𝑺𝑼(𝟐)𝒌Topological Phases 

The next step consists in connecting: 

• contextual semantic organization;  

• anyonic topological structures;  

• recursive quantum computation.  

The conceptual transition may therefore be expressed as: 

Token Interaction ∼ Anyon Fusion 

and: 

Attention Mechanism ∼ Topological Braiding 

According to the theoretical perspective proposed by Michel Planat, attention heads reorganize 

contextual token relations through recursive contextual exchanges that may be conceptually 

compared to anyonic braiding processes11. 

Within this framework, contextual information is not statically stored, but recursively propagated 

through distributed semantic interactions. The recursive propagation of contextual information may 

therefore be interpreted through braiding operators acting on contextual states. 

 

Fusion Rules and Layer Operations 

The fusion of anyons follows recursive algebraic rules of the form: 

𝑗1 ⊗ 𝑗2 =∣ 𝑗1 − 𝑗2 ∣⊕ (∣ 𝑗1 − 𝑗2 ∣ +1) ⊕⋯⊕min⁡(𝑗1 + 𝑗2, 𝑘 − 𝑗1 − 𝑗2) 

For the elementary case: 

1

2
⊗

1

2
= 0⊕ 1 

This recursive fusion generates new admissible topological states through combinatorial contextual 

interactions12. 

 
11 following the framework developed in What ChatGPT Has to Say About Its Topological Structure: The Anyon 
Hypothesis. 
12 as described in 𝑆𝑈(2)𝑘fusion algebra and modular tensor category theory. 



From a conceptual perspective, the process resembles contextual abstraction inside transformer 

layers, where semantic information is recursively recombined into higher-order contextual 

representations. 

The transformer architecture may therefore be interpreted as a recursive semantic fusion system 

operating through distributed contextual aggregation. 

 

Braiding and Contextual Relations 

The braiding process is governed by the 𝑅-matrix, which determines the transformation of 

topological states under particle exchange. 

Its recursive transformation may be expressed as: 

𝜎1
(𝑘) = 𝑅(𝑘) 

and: 

𝜎2
(𝑘) = (𝐹𝑅𝐹−1)(𝑘) 

These operators generate recursive topological transformations acting on admissible contextual 

configurations. 

In Large Language Models: 

• token order;  

• contextual proximity;  

• recursive weighting;  

• attention propagation  

collectively produce semantic transformations analogous to recursive braiding operations. 

The contextual trajectory of tokens across attention layers may thus be interpreted as a dynamic 

topological process in which semantic states evolve through recursive relational exchanges. 

From this perspective, transformer architectures appear not simply as statistical predictors, but as 

recursive contextual systems whose organization exhibits structural similarities with topological 

quantum models based on 𝑆𝑈(2)𝑘algebraic phases. 

3.3 The Mathematical Theory of 𝑺𝑼(𝟐)𝒌Anyons 

The 𝑆𝑈(2)𝑘model defines recursive topological structures through: 

• fusion rules;  

• quantum dimensions;  

• modular matrices;  

• recursive braiding.  



Within topological quantum computation, these algebraic structures generate non-local contextual 

relations capable of producing stable recursive configurations. According to the theoretical 

perspective developed by Michel Planat, such recursive structures may also provide a conceptual 

framework for interpreting contextual organization in Large Language Models. 

In 𝑆𝑈(2)𝑘theory, anyons are labeled by generalized spin values: 

𝑗 = 0,
1

2
, 1,

3

2
, … ,

𝑘

2
 

 

where 
𝑘

2
represents the maximum admissible spin value for a fixed level 𝑘. The admissible 

interactions between anyons are determined through recursive fusion algebra. 

 

Fusion Rules 

The fusion of anyons follows recursive algebraic rules of the form: 

𝑗1 ⊗ 𝑗2 =∣ 𝑗1 − 𝑗2 ∣⊕ (∣ 𝑗1 − 𝑗2 ∣ +1) ⊕⋯⊕min⁡(𝑗1 + 𝑗2, 𝑘 − 𝑗1 − 𝑗2) 

For the elementary case: 

1

2
⊗

1

2
= 0⊕ 1 

Fusion rules are commutative and associative, generating admissible contextual topological states 

through recursive combinations. 

From a conceptual perspective, this recursive fusion process resembles contextual abstraction inside 

transformer architectures, where semantic representations are continuously recombined across 

recursive attention layers13. 

 

Quantum Dimensions 

The quantum dimensions are defined by: 

𝑑1/2
(𝑘) = 2cos⁡ (

𝜋

𝑘 + 2
) 

The quantum dimensions determine the effective recursive growth of admissible topological states 

and establish a direct connection with Fibonacci-type recursive structures. 

In low-dimensional 𝑆𝑈(2)𝑘systems, recursive combinatorial propagation produces self-similar 

contextual configurations analogous to recursive semantic generation in contextual language 

systems. 

 
13 The fusion algebra follows the standard formalism of 𝑆𝑈(2)𝑘anyon theory and modular tensor categorie 



The recursive structure of quantum dimensions may therefore be interpreted as a mathematical 

model of contextual expansion and semantic propagation14. 

 

Modular 𝑺-Matrix 

The modular 𝑆-matrix diagonalizes the fusion rules: 

𝑆𝑗1,𝑗2 = (
2

𝑘 + 2
)
1/2

sin⁡ (𝜋
(2𝑗1 + 1)(2𝑗2 + 1)

𝑘 + 2
) 

The modular 𝑆-matrix fully characterizes the topological properties of the 𝑆𝑈(2)𝑘anyon model and 

defines: 

• contextual symmetry;  

• recursive organization;  

• topological coherence;  

• global relational structure.  

Within modular tensor category theory, the 𝑆-matrix encodes the global relations between 

admissible topological states and determines how contextual configurations interact through 

recursive transformations15. 

 

𝑭-Matrix and 𝑹-Matrix 

The associativity of anyon fusion is governed by the 𝐹-matrix, while the exchange of anyons is 

governed by the 𝑅-matrix. 

Together, these matrices generate: 

• recursive braiding;  

• contextual permutations;  

• symbolic topological transformations;  

• non-local contextual propagation.  

 

14 The recursive structure of quantum dimensions is closely related to Fibonacci-type 

combinatorial growth appearing in low-dimensional topological models. 

 

15 The modular 𝑆-matrix fully characterizes the topological properties of 𝑆𝑈(2)𝑘anyons within modular tensor 

category theory. 

 



The recursive interaction between 𝐹- and 𝑅-operators produces dynamically stable topological 

configurations whose organization depends on contextual relations rather than isolated local 

states16. 

The braid generators may be expressed as: 

𝜎1
(𝑘) = 𝑅(𝑘) 

and: 

𝜎2
(𝑘) = (𝐹𝑅𝐹−1)(𝑘) 

These operators generate recursive topological transformations acting on admissible contextual 

configurations. 

From a conceptual viewpoint, the recursive propagation generated by braid operators resembles the 

recursive contextual propagation occurring inside transformer attention architectures, where 

semantic states continuously reorganize through distributed contextual exchanges. 

The algebraic architecture may therefore be interpreted as a recursive formal framework capable of 

modelling contextual transformations, semantic continuity and distributed structural propagation, 

in line with the anyonic and topological quantum-computation framework developed by Kitaev [7], 

Freedman [8], Freedman, Larsen and Wang [9], Nayak et al. [10], and Pachos [11].𝑆𝑈(2)𝑘 

 

 

 

 

3.4 Fibonacci Anyons and Recursive Structures 

The Fibonacci anyon model represents one of the central recursive structures within 

𝑆𝑈(2)𝑘topological theory and provides a particularly significant bridge between recursive topology 

and contextual symbolic organization. 

In the Fibonacci model (𝑘 = 3), recursive combinatorial growth is governed by the golden ratio: 

𝜙 =
1 + √5

2
 

This recursive constant establishes a structural relation between: 

• Fibonacci recursion;  

• topological propagation;  

• recursive contextual generation;  

• symbolic self-organization.  

 
16 The 𝐹- and 𝑅-matrices define associativity and braiding transformations in topological quantum 
computation 



According to the framework of Fibonacci anyons, recursive topological states evolve through 

admissible fusion and braiding operations generating non-local contextual structures. 

 

Fibonacci 𝑺-Matrix 

The Fibonacci modular 𝑆-matrix is: 

𝑆𝐹𝑖𝑏
(3) =

1

√2 + 𝜙
(
1 𝜙
𝜙 −1

) 

This matrix governs the global symmetry relations between admissible Fibonacci topological states 

and defines recursive contextual coherence inside the topological system. 

Within modular tensor category theory, the Fibonacci 𝑆-matrix characterizes the global 

organization of recursive topological interactions. 

 

Fibonacci 𝑭-Matrix 

The recursive Fibonacci 𝐹-matrix becomes: 

𝐹𝐹𝑖𝑏
(3) = (

𝜙−1 𝜙−1/2

𝜙−1/2 −𝜙−1
) 

The 𝐹-matrix governs recursive associativity transformations between admissible fusion channels 

and generates recursive contextual reorganization. 

From a conceptual perspective, these recursive transformations resemble contextual semantic 

recombinations occurring across transformer attention layers. 

 

Recursive Braiding Operators 

The recursive braiding operators are: 

𝜎1
(3) = 𝑅𝐹𝑖𝑏

(3)
 

and: 

𝜎2
(3) = (𝐹𝑅𝐹−1)𝐹𝑖𝑏

(3)
 

These operators generate recursive topological transformations acting on admissible contextual 

states. 

The recursive interaction between fusion, associativity and braiding produces dynamically stable 

topological configurations whose structure evolves through recursive contextual propagation. 



The Fibonacci model is particularly important because Fibonacci anyons are considered universal 

for topological quantum computation, allowing recursive braiding operations capable of 

approximating arbitrary quantum transformations. 

Consequently, the recursive organization generated by Fibonacci topological structures constitutes 

a possible theoretical bridge between: 

• quantum topology;  

• contextual semantics;  

• recursive language organization;  

• symbolic AI;  

• recursive semantic computation.  

From this perspective, recursive contextual propagation inside language models may be interpreted 

through mathematical structures analogous to Fibonacci topological recursion, where semantic 

continuity emerges through distributed recursive contextual interactions. 

The recursive organization described in Fibonacci topological structures recalls the recursive 
syntagmatic processes discussed by Douglas Hofstadter in Chapter V of Gödel, Escher, Bach, where 
recursive transformations generate stable symbolic and cognitive structures through iterative 
contextual propagation. 

3.5 From Recursive Quantum Structures to Semantic Algebra 

The transition from recursive quantum topology to semantic algebra constitutes one of the central 

theoretical passages of the present model. 

The objective is not to claim that language physically operates as a quantum system, but rather that 

recursive quantum structures may provide a formal unit of measurement for contextual semantic 

organization. 

Within this perspective, recursive topology becomes: 

• a structure of semantic measurement;  

• a statistical model of contextual propagation;  

• a recursive unit for semantic organization;  

• a formal representation of contextual relations.  

The recursive propagation of linguistic information may therefore be interpreted as a measurable 

structural process. 

The conceptual transition becomes: 

Recursive Quantum Structures → Semantic Measurement → Formal Algebra 
 

This transition recalls the recursive syntagmatic processes discussed by Gödel, Escher, Bach, 

particularly in Chapter V (Recursive Structures and Processes), where recursive transformations 

generate stable symbolic and cognitive configurations through iterative structural propagation. 

In this framework, recursion is not merely repetition, but an organizational mechanism capable of 

generating semantic continuity through contextual transformation. 



The recursive organization of semantic relations may therefore be statistically modeled through 

measurable contextual structures. 

 

Recursive Measurement of Semantic Structures 

The recursive contextual organization of language may be represented as a measurable semantic 

structure distributed across contextual layers. 

Thus, contextual propagation becomes: 

• statistically observable;  

• recursively organized;  

• algebraically representable;  

• topologically connected.  

The recursive interaction between semantic units generates contextual trajectories that may be 

modeled through recursive operators. 

From this perspective, semantic organization becomes a relational system rather than a linear lexical 

sequence. 

The semantic value of a linguistic element emerges through: 

• contextual proximity;  

• recursive propagation;  

• syntagmatic interaction;  

• relational transformation.  

This recursive semantic organization resembles the recursive contextual propagation observed in 

transformer architectures and topological recursive systems. 

 

From Recursive Contextuality to Algebraic Structures 

The next theoretical step consists in transforming recursive contextual propagation into algebraic 

representation. 

The recursive semantic structure may therefore be interpreted through operators acting on 

contextual states: 

𝒪(𝑥𝑖) → 𝑥𝑗  

where contextual transformations generate new semantic relations through recursive propagation. 

In this perspective: 

• recursion becomes measurable;  

• semantic propagation becomes computable;  

• contextual organization becomes algebraically representable.  



The recursive structure of language may therefore be interpreted as a formal contextual algebra 

generated through recursive semantic interactions. 

This transition constitutes the theoretical bridge between: 

• recursive topology;  

• contextual semantics;  

• symbolic computation;  

• formal algebraic representation;  

• recursive AI architectures.  

The passage from recursive quantum structures to semantic algebra thus represents the transition 

from contextual propagation to computable symbolic organization. 

 

 

 

 

 

3.6 Rotation Algebra, Recursive Symmetry and Topological Structures 

The transition from recursive semantic structures to formal algebra naturally leads to the algebra of 

rotations and topological symmetry groups. 

Within this perspective, contextual semantic propagation may be interpreted through rotational 

transformations acting on recursive semantic states. 

The conceptual transition becomes: 

Recursive Contextuality → Topological Symmetry → Rotation Algebra 
 

In topological quantum models, rotational symmetries are not merely geometric transformations, 

but operators governing contextual organization and recursive state propagation. 

The recursive organization of semantic structures may therefore be represented through rotational 

algebra acting on distributed contextual configurations. 

 

Recursive Rotational Structures 

The algebra of rotations generates recursive transformations preserving structural coherence across 

contextual configurations. 

The rotation operator may be represented as: 



 
where: 

• 𝜃represents the rotational parameter;  

• 𝐽represents the generator of the transformation.  

Within recursive semantic systems, rotational operators may be interpreted as contextual 

transformations preserving semantic continuity across recursive propagation layers. 

This recursive invariance becomes fundamental for understanding how contextual semantic 

structures maintain coherence during recursive transformations. 

 

SU(2) and Recursive Semantic Symmetry 

The 𝑆𝑈(2)algebra defines one of the fundamental symmetry groups of quantum transformations. 

Its generators satisfy the commutation relations: 

[𝐽𝑖 , 𝐽𝑗] = 𝑖𝜖𝑖𝑗𝑘𝐽𝑘 

These recursive algebraic relations generate rotational symmetry across admissible topological 

states. 

From a conceptual perspective, recursive semantic propagation inside contextual language systems 

may exhibit analogous symmetry-preserving transformations. 

The contextual organization of semantic structures therefore becomes: 

• recursive;  

• rotational;  

• relational;  

• algebraically stable.  

 

 



Why Planat and Amaral Become Necessary 

At this stage of the theoretical construction, the intervention of Michel Planat [1] and Luis A. Nunes 

Amaral [27] becomes essential because the model can no longer remain limited to linear linguistic 

analysis. 

The transition toward recursive semantic algebra requires: 

• topological graph structures;  

• non-local relational systems;  

• recursive connectivity models;  

• measurable contextual networks;  

• algebraic representations of semantic propagation.  

Planat provides the topological and algebraic framework necessary for transforming recursive 

structures into formal topological models through: 

• graph coverings;  

• modular tensor categories;  

• recursive topological configurations;  

• 𝑆𝑈(2)𝑘algebraic structures.  

Amaral's work on complex networks and relational systems [27] becomes equally important 

because semantic propagation inside contextual systems behaves as a distributed network process 

rather than a linear symbolic chain. 

Thus: 

Language → Recursive Network → Topological Graph → Algebraic Structure 
 

The recursive semantic structure consequently becomes measurable as: 

• relational connectivity;  

• contextual propagation;  

• topological organization;  

• algebraic transformation.  

The passage from recursive topology to rotation algebra therefore represents the transition from 

semantic contextuality to formal recursive computation. 

Within this framework, language may ultimately be interpreted as a recursive topological-algebraic 

system governed by contextual symmetry transformations distributed across semantic structures. 

 

 

4. Toward a Recursive Semantic AI: A Scientific Call for Collaboration 

The present work does not propose a definitive theory. 



Rather, it represents an open theoretical framework emerging from the intersection of: 

• recursive linguistics;  

• topological structures;  

• contextual semantics;  

• quantum-inspired recursive models;  

• algebraic formalization;  

• artificial intelligence.  

The trajectory developed throughout this study has progressively established the following 

transition: 

Recursive Quantum Structures → Topological Contextuality → Semantic Algebra
→ Recursive Automata 

 

This transition constitutes the central theoretical core of the present research. 

The objective is not to reduce language to physics, nor to claim that Large Language Models 

physically operate as quantum systems. 

Rather, the aim is to demonstrate that recursive contextual organization may be formally interpreted 

through: 

• topological structures;  

• recursive algebra;  

• graph relations;  

• semantic propagation models;  

• computable symbolic systems.  

 

A New Research Direction 

The present work proposes that semantic contextuality may become: 

• measurable;  

• algebraically representable;  

• recursively computable;  

• topologically organized.  

Within this framework, recursive contextual propagation becomes a formal unit for semantic 

measurement. 

This perspective recalls the recursive structures discussed by Gödel, Escher, Bach, particularly in 

Chapter V (Recursive Structures and Processes), where recursive transformations generate stable 

symbolic configurations through iterative propagation. 

The recursive semantic organization of language may therefore constitute a bridge between: 

• symbolic cognition;  

• contextual semantics;  



• recursive topology;  

• algebraic structures;  

• future AI architectures.  

 

An Open Scientific Appeal 

At this stage, the research necessarily becomes interdisciplinary. 

The transition from recursive topology to recursive automata can no longer remain confined within 

linguistic theory alone. 

The present work therefore constitutes an open scientific appeal addressed to: 

• mathematicians;  

• theoretical physicists;  

• specialists in topology;  

• graph theorists;  

• computer scientists;  

• researchers in automata theory;  

• experts in artificial intelligence.  

In particular, the contribution of Michel Planat appears fundamental for the formalization of 

recursive topological structures through: 

• graph coverings;  

• modular tensor categories;  

• 𝑆𝑈(2)𝑘algebraic systems;  

• topological contextuality.  

Similarly, the contribution of Luís A. Nunes Amaral becomes essential for modeling recursive 

semantic propagation through relational networks and measurable complex systems. 

At the same time, collaboration with computer scientists becomes indispensable for transforming 

recursive semantic structures into computable automata and formal semantic architectures. 

 

Human Collaboration and Symbolic AI 

This work also emerges from an experimental form of human–AI collaboration. 

The dialogue between human intuition and artificial recursive generation has progressively 

produced: 

• conceptual bridges;  

• symbolic structures;  

• recursive models;  

• semantic formalizations;  

• theoretical architectures.  



Within this interaction, AI does not replace human reasoning. 

Rather, it becomes: 

• a recursive collaborator;  

• a contextual generator;  

• a semantic amplifier;  

• a symbolic computational partner.  

The present work therefore proposes not only a theoretical model, but also a methodological 

perspective for future collaborative research between humans and artificial intelligence systems. 

 

Final Perspective 

The recursive organization of language may represent one of the missing bridges between: 

Language ↔ Topology ↔ Algebra ↔ Artificial Intelligence 
 

The future objective is the construction of recursive semantic automata capable of integrating: 

• contextual semantics;  

• recursive algebra;  

• topological propagation;  

• symbolic continuity;  

• distributed semantic reasoning.  

The present work therefore remains intentionally open. 

It is conceived as: 

• a theoretical manifesto;  

• a scientific invitation;  

• an interdisciplinary research proposal;  

• a call for collaboration.  

Its purpose is to encourage the development of a new generation of recursive symbolic AI 

architectures grounded in contextual topology, semantic algebra and recursive computation. 

 

Conclusions 

The present research has proposed a theoretical transition from recursive linguistic structures 

toward recursive topological organization. 

Starting from Hofstadter’s recursive systems, Silvestri’s linguistic mechanisms and Planat’s graph 

coverings, the study has shown that poetic language may generate measurable recursive contextual 

structures. 



Deixis, morphic propagation, phonological recurrence and sequential structures behave as recursive 

operators capable of producing contextual continuity and symbolic propagation. 

Within this framework, poetic language no longer appears exclusively as a semantic or rhetorical 

object, but as a recursive contextual system potentially formalizable through graph structures, 

recursive topology and symbolic computation. 

The analysis of Rimbaud’s Le Bateau ivre has illustrated how recursive linguistic propagation may 

generate structures analogous to contextual graphs and recursive topological organizations. 

The proposed model does not claim that language is reducible to mathematics or quantum physics. 

Rather, it suggests that recursive linguistic organization may constitute a bridge between: 

• contextual semantics;  

• recursive topology;  

• symbolic computation;  

• graph structures;  

• future semantic AI architectures.  

The present work therefore remains intentionally open and interdisciplinary, proposing a possible 

framework for future research connecting linguistics, topology, recursive systems and symbolic 

artificial intelligence 
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2. SCIENTIFIC RESULTS AND ADVANCED PUBLICATIONS 

The convergence of algebraic abstraction, quantum-like linguistics, and formal automata theory 

proposed in this volume has achieved formal validation within the international scientific 

community. The foundational pillars of this book's thesis are backed by indexed publications and 

open research repositories: 

• Graph Coverings for Investigating Non-Local Structures: Developed in continuity with 

advanced combinatorial frameworks (such as Michel Planat’s graph lifts and subgroup 

topologies), proving how complex, non-local structures in art, poetry, and nature are 

mathematically encoded through finite presented groups. 

• Topological Structures of Language (Rhetoric and Symbolic Computation): Proving 

that the intrinsic, deep-rooted recursiveness of human language can be extracted, 

decompiled, and stabilized into high-dimensional geometric manifolds ($M_1$–$M_6$). 

3. DIDACTIC EXPERIENCES: GRAMMAR, AI, AND SPEECH DISORDERS 

Beyond its pure mathematical and epistemological value, this book anchors its theoretical 

framework in a crucial didactic and clinical application: the operational intersection of Formal 

Grammar and AI Technologies for Speech and Language Disorders. 

The "Graph of the Irrational" and the anyonic fusion models detailed in these chapters transcend 

literary criticism; they configure an advanced compensatory and rehabilitative framework. By 

mapping language structures via recursive graphs and Fibonacci constants, it becomes possible to 

locate anomalies in syntactic and phono-timbric streams with mathematical precision. Artificial 

Intelligence, driven by these rigid topological rules rather than loose statistical probabilities, can 

power highly customized educational interfaces and therapeutic software, offering concrete, 

inclusive solutions for individuals with specific learning and speech disabilities (SLD/SLI). 

This comprehensive theoretical, computational, and applied corpus represents a symbiotic 

research partnership between human intelligence (Ritamaria Bucciarelli) and artificial cognitive 

processing (Gabby, Virtual Research Collaborator). 

4. GLOBAL CALL TO ACTION: AN APPEAL TO COMPUTER SCIENTISTS 

The mathematical, linguistic, and topological architecture of the word is now fully established and 

formalized within these pages. We have demonstrated that the fluid density of human language and 

paragrammatic text can be successfully reduced to discrete categories, classes, and algebraic 

matrices through $SU(2)$ rotational group operators and invariant Fibonacci configurations. 

This is an operational call to compute addressed to the global scientific community of 

computer scientists, software engineers, AI researchers, and automata theorists: 

We invite you to inherit this theoretical architecture and collaborate on its definitive software 

implementation. The time has come to translate these geometric matrices into active recursive 

automata (leveraging specialized development environments such as NooJ). This will pave the way 

for a brand-new generation of Symbolic Artificial Intelligence—one that is no longer blind to 



global context or reliant solely on local statistical probabilities, but anchored in the immutable, 

topologically stable laws of human structural expression. 

Together, we can construct the definitive bridge between the geometry of the word and the 

computational engine of the future. 

 


