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Abstract 
Finite hypergraphs generalize ordinary graphs by allowing each hyperedge to connect an 

arbitrary nonempty subset of vertices, thereby providing a natural framework for 

genuinely multiway interactions. To represent hierarchical and multi-layer structures, 

SuperHyperGraphs further extend this framework via iterated powerset constructions, so 

that set-valued objects formed at one level may serve as vertices at higher levels. 

Independently, recursive hypergraphs enrich the edge structure by allowing a hyperedge 

to contain not only vertices but also lower-level hyperedges, yielding nested incidence 

relations under a prescribed recursion depth. In this paper, we unify these two directions 

and introduce Recursive Intuitionistic Fuzzy SuperHyper Graphs. The proposed model 

combines hierarchical supervertices, recursively defined superhyperedges, and 

intuitionistic fuzzy membership/non-membership grades in the sense of Atanassov, 

enabling the representation of higher-order systems that are simultaneously hierarchical, 

recursive, and uncertain. We formulate the structure on a well-founded recursive 

universe, establish the fundamental axioms (including vertex–edge consistency and 

covering conditions), and study basic structural properties. In particular, we discuss 

induced substructures, isomorphisms, and level-induced (depth-truncated) structures, 

and clarify how the model re duces to standard intuitionistic fuzzy hypergraph-type 

objects in special cases. The proposed framework provides a mathematically consistent 

foundation for modeling complex relational systems with nested inter actions and 

uncertainty across multiple levels of organization. 

Keywords: Recursive SuperHyperGraph, HyperGraph, SuperHyperGraph, Recursive 

HyperGraph, Fuzzy SuperHyperGraph 

Introduction 

Graph-based models are a standard tool for representing relational data: vertices correspond to 

entities, and edges describe pairwise relationships [1]. However, many practical systems involve 

interactions among three or more entities at the same time, and such higher-order relations 

cannot be faithfully captured by ordinary binary edges alone. A finite hypergraph addresses this 

limitation by allowing each hyperedge to connect an arbitrary nonempty subset of vertices, 

making it suitable for modeling genuine multi-entity interactions [2,3]. 

In many applications, the relational structure is not only higher-order but also hierarchical. 

One natural way to represent this hierarchy is to iterate the powerset operation. This leads to 

finite SuperHyperGraphs, in which set-valued objects created at one stage can be treated as 

vertices at the next stage, producing nested collections of vertices and edges across multiple levels 

[4–6]. Accordingly, SuperHyperGraphs combine two expressive features in a single framework: 

higher-order connectivity (as in hypergraphs) and hierarchical aggregation (e.g., groups, groups 
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of groups, and deeper nested units). Such a perspective is useful for layered systems, modular 

architectures, and multi-scale networked data. Related hierarchical representations have also 

appeared in complex-network modeling and applied scientific settings [7,8]. 

Throughout this paper, unless explicitly stated otherwise, the integer n in P n(·) and the level 

index of an n-SuperHyperGraph are assumed to be nonnegative. For quick reference, Table 1.1 

compares ordinary graphs, hypergraphs, and n-SuperHyperGraphs from a structural viewpoint. 

Recursive HyperGraphs 

Another independent extension concerns recursive edge structure. In a recursive 

hypergraph, a hyperedge may contain not only vertices but also lower-level hyperedges, so 

incidence itself can be nested up to a fixed recursion depth [9,10]. Building on this idea, a 

recursive superhypergraph combines hierarchical supervertices 

Table 1: Compact comparison of graphs, hypergraphs, and n-SuperHyperGraphs. 

 
with recursive superhyperedges; in particular, a superhyperedge may include both 

supervertices and lower level superhyperedges. This yields a unified object capable of expressing 

vertex hierarchy and edge recursion simultaneously [11]. 

For convenience, Table 1.2 summarizes the main differences between recursive hypergraphs 

and recursive superhypergraphs. 

Table 2: Concise comparison of recursive hypergraphs and recursive superhypergraphs. 

 
From the above discussion, it is clear that frameworks such as uncertain graphs and 

SuperHyperGraphs are highly important for modeling complex relational systems. However, to 

the best of our knowledge, a unified framework that combines the ideas of Intuitionistic Fuzzy 

Graphs and recursive SuperHyperGraphs has not yet been formally established. 

To bridge this gap, in this paper we unify these two directions and introduce Recursive 

Intuitionistic Fuzzy SuperHyperGraphs. The proposed model integrates hierarchical 

supervertices, recursively defined superhyperedges, and intuitionistic fuzzy membership/non-

membership grades in the sense of Atanassov, thereby providing a mathematical framework for 

representing higher-order systems that are simultaneously hierarchical, recursive, and uncertain. 

Preliminaries 
This section fixes the notation and recalls the set-theoretic and combinatorial notions used 

throughout the paper. We first review hypergraphs and SuperHyperGraphs, then summarize the 

recursive extension of hypergraphs and SuperHyperGraphs, and finally recall the intuitionistic 

fuzzy hypergraph model. 

 



Fujita. JAU Vol.1, No.2, 2026 - Page: 52-64 - https://doi.org/10.63924/jau.v1i2.273 

Page 3 of 13 

SuperHyperGraphs 

Please provide sufficient detail to allow the work to be reproduced. If the study using a reagent, 

details of supplier should be provided when appropriate. Methods already published should be 

indicated by a reference and only relevant modifications should be described. For epidemiology, 

details of setting, time and place should be provided. 

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt 

ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco 

laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in 

voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non 

proident, sunt in culpa qui officia deserunt mollit anim id est laborum. 

We begin with the standard notion of a hypergraph and then introduce the iterated powerset 

construction that underlies SuperHyperGraphs.  

Definition 2.1 (Hypergraph). [12,13] A hypergraph is an ordered pair H = (V, E) such that  

• V isafinite set, whose elements are called vertices, and 

• E isafinite family of nonempty subsets of V, called hyperedges.  

Hence, unlike an ordinary graph, a hyperedge may join any number of vertices, not only two.  

Definition 2.2 (n-fold iterated powerset). [14,15] Let X be a set Define 

 
Definition 2.3 (n-SuperHyperGraph). (see [4,16]) Let V0 be a finite nonempty base set, and 

define recursively 

 
The elements of V are called n-supervertices, and the elements of E are called 

superhyperedges. Equivalently, each superhyperedge is a nonempty subset of the supervertex 

set V. 

(n, k)-recursive SuperHyperGraphs 

A recursive hypergraph extends the usual hypergraph model by allowing a hyperedge to contain 

not only vertices but also lower-level hyperedges. This permits nested incidence patterns, 

including self-referential behavior, under a bounded recursion depth [9,10]. 

Definition 2.4 (Depth-k powerset universe). [9,10] Let S be a nonempty set and let k ∈ N ∪ 

{0}. Define a sequence of sets (Si)i≥0 by 

 
Definition 2.5 (k-recursive hypergraph). [9,10] Let V be a finite vertex set and let k ∈ N∪{0}. 

A k-recursive hypergraph is a pair 

     H = (V,E) 
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for which 

     E ⊆ 2V,k \ {∅}, 

 

where 2V,k is the depth-k powerset universe from Definition 2.4 with S = V.  

In the special case k = 0, we have 2V,0 = P(V ), so the condition becomes 

 

     E ⊆ P(V ) \ {∅}, 

 

and H is exactly an ordinary hypergraph. 

 

An (n,k)-recursive SuperHyperGraph combines two ingredients: (i) level-n supervertices 

obtained from iterated powersets, and (ii) depth-k recursive superhyperedges whose elements 

may include both supervertices and lower-level recursive objects. In this paper, we consider the 

well-founded setting (i.e., no membership cycles). 

Definition 2.6 ((n,k)-recursive SuperHyperGraph). Let V0 be a base (ground) set, and let n,k 

∈ N ∪ {0}. 

 
Example 2.1 (A concrete (1,1)-recursive SuperHyperGraph). We give a small example of an 

(n,k)-recursive SuperHyperGraph with 

 

    n = 1, k = 1. 

 

Step 1: Base set and supervertex level. Let the ground set be 

 

    V0 = {a,b,c}. 

 

Since n = 1, supervertices must be elements of P(V0). Define 

 

   v1 := {a}, v2 := {b}, v3 := {a,b}, 

and set 

    V := {v1,v2,v3} ⊆ P(V0). 

 

Hence V is a valid set of 1-supervertices. 

Step 2: Depth-1 recursive universe over V. By Definition 2.4, the recursive layers are 
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Step 3: Choose recursive objects. Define two elements of P(V ): 

 

    r1 := {v1,v3}, r2 := {v2}. 

 

These are not supervertices (they are subsets of V), but they belong to S1 = P(V ) and can 

therefore appear inside recursive superhyperedges. 

 

Step 4: Define the recursive superhyperedges. Let 

  

    e1 := {v1,v3,r1}, e2 := {v2,r1,r2}. 

 

Since each of v1,v2,v3,r1,r2 belongs to V ∪ P(V ), we have 

     

    e1,e2 ⊆ V ∪ P(V ), 

and thus 

 

    . 

 

Also, e1 ̸= ∅ and e2 ̸= ∅. 

 Now define 

  

    E := {e1,e2}. 

 

Then 

 

    E ⊆ 2V,1 \ {∅}. 

 

Conclusion. The pair 

  

    RSHG(1,1) = (V,E) 

 

is an (1,1)-recursive SuperHyperGraph. Indeed: 

(i) V ⊆ P 1(V0) = P(V0), and 

(ii) E ⊆ 2V,1 \ {∅}. 

 

This example illustrates the key feature of recursion: the edge e1 (and also e2) contains not 

only supervertices (v1,v3 or v2), but also a lower-level recursive object (r1 or r2), thereby combining 

hierarchical vertices and recursive edge contents in a single structure. 

Intuitionistic Fuzzy Hypergraphs 

An intuitionistic fuzzy set assigns to each element both a membership degree and a non-

membership degree, subject to Atanassov’s condition 

    

    0 ≤ µ(x) + ν(x) ≤ 1 

 

[17]. This framework naturally extends to graph-type structures, including hypergraphs, by 

assigning such degrees to vertices and edge incidences [18–20]. 

Definition 2.7 (Intuitionistic Fuzzy Hypergraph). (cf. [?,20]) Let V be a finite nonempty set. 

An intuitionistic fuzzy hyperedge on V is an ordered pair 
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    E =(µE,νE), 

 

where µE,νE : V → [0,1] satisfy 

 

    0 ≤µE(v)+νE(v) ≤ 1, ∀ v ∈V. 

 

The support of E is 

 

    . 

 

An intuitionistic fuzzy hypergraph is a pair 

  

    H = (V,E), 

where E = {E1,...,Em} is a finite family of intuitionistic fuzzy hyperedges on V such that 

 

     
 

 

Results: Recursive Intuitionistic Fuzzy superhypergraph 
Please provide sufficient detail to allow the work to be reproduced. If the study using a reagent, 

details of supplier should be provided when appropriate. Methods already published should be 

indicated by a reference and only relevant modifications should be described. For epidemiology, 

details of setting, time and place should be provided. 

Lorem ipsum dolor sit amet, consectetur adipisicing elit, sed do eiusmod tempor incididunt 

ut labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation ullamco 

laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure dolor in reprehenderit in 

voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non 

proident, sunt in culpa qui officia deserunt mollit anim id est laborum. 

In this section, we introduce an intuitionistic fuzzy extension of (n,k)-recursive 

SuperHyperGraphs. The construction combines: (i) hierarchical supervertices (via iterated 

powersets), and (ii) recursive superhyperedge contents (via bounded recursive set formation), 

together with Atanassov-type membership/non-membership degrees. 

Definition 3.1 (Recursive universe over a supervertex set). Let V be a finite nonempty set (in 

our application, V ⊆ P n(V0)), and let k ∈ N ∪ {0}. Define recursively 

 

 
Definition 3.2 (Intuitionistic fuzzy recursive superhyperedge). Let V be a finite nonempty set 

and let k ∈ N∪ {0}. Anintuitionistic fuzzy recursive superhyperedge of depth at most k on V is an 

ordered pair 
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Definition 3.3 (Recursive Intuitionistic Fuzzy (n,k)-SuperHyperGraph). Let V0 be a finite 

nonempty base set, and let n,k ∈ N ∪ {0}. A Recursive Intuitionistic Fuzzy (n,k)-

SuperHyperGraph (abbreviated RIF-(n,k) SHG) on V0 is a tuple 
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Example 3.1 (A concrete RIF-(1,1)-SHG). We construct a small Recursive Intuitionistic Fuzzy 

(1,1)-SuperHyperGraph to illustrate Definition 3.3. 
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Conclusion 
In this paper, we introduced Recursive Intuitionistic Fuzzy SuperHyperGraphs as a unified 

framework that combines hierarchical supervertex structures, recursive superhyperedge 

formation, and intuitionistic fuzzy uncertainty. For future work, we expect that this framework 

can be extended in several directions, including variants based on Neutrosophic Graphs [21,22] 

and Plithogenic Graphs [23]. We also anticipate quantitative investigations supported by 

computational experiments, which may help clarify the structural behavior and practical 

applicability of these models in complex uncertain systems. 
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