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Abstract 

In this paper, the form of the spreading models is studied and applied to the distortion problem in Banach 

spaces. Spreading models give an asymptotic model of how sequences behave, to gain a better understanding 

of the structural properties of sequences. Simultaneously, the distortion problem is concerned with the 

measure of how much geometry of a Banach space may be distorted using equivalent norms. 

In this paper, we integrate both theoretical knowledge and numerical modeling as we delve into these 

concepts. The ℓp spaces sequences are studied using alternative norms and the behavior of sequences in the 

context of a sequence of subsets is studied to explain the concept of spreading models. Further the linear 

transformations are used to generate distortion and the changes in norms are measured. 

The findings indicate the choice of norms plays a crucial role in geometric properties, and mostly the 

subsequent has a certain level of stability. The experiments of distortion also give prominence to the role of 

linear operator with its ability to bring significant changes of magnitude and offers a concrete idea of the 

distortion phenomenon of Banach space. 
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1. Introduction 
The theory of Banach space Banach space theory is an essential branch of functional astronomy, and is the 

study of perfect modular vector spaces, and their geometry and topology. One of the biggest issues in this 

area is the study of the behavior of sequences in infinite-dimensional settings[1]. 

Diffusion models have been suggested as a useful approach towards the study of the asymptotic structure of 

Banach space sequences. They allow researchers to come up with a simplified and stable representation of 

the sub-sequences, maintaining some basic characteristics that stay the same irrespective of the indexing[1]. 

The other significant theme in this area is the problem of distortion, which examines whether or not a Banach 

space can be recalibrated in a manner that changes the distances between vectors very dramatically, yet 

preserves the linear structure. This issue has resulted in major developments about the geometry of Banach 

spaces[2]. 

This project will research the architecture of diffusion models and examine its uses in the distortion problem. 

Besides the theoretical framework, numerical simulations are incorporated to give an intuitive idea of these 

ones which are abstract. 

 

2. Preliminaries  

Here we state the simple notions and terms we need to study spreading models and the distortion problem in 

Banach spaces. A Banach space is a vector space with a norm such that all Cauchy sequences converge. 

Classical examples ℓp spaces, in which sequences are endowed with the Lp norm which is defined by [4] 

 
The analysis of Banach spaces revolves around sequences. More specifically, the analysis of bounded and 

weakly convergent sequences helps to get an idea about the space structure. 

The simplest example of a sequence is a sequence which acts like a basis, where each element of its span can 

be represented uniquely. These sequences play a basic role in the construction of spreading models and 

analysis of asymptotic behavior[4]. 

Another fact we remember is the ability of various norms to be defined on the same vector space resulting in 

equivalent but with geometrically different Banach space structures. This fact is the focus of the research on 

the distortion issue[4]. 

3. Spreading Models  
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One concept that has been introduced to study the Banach spaces is the spreading models which were 

introduced to quantify the behavior of a sequence in its limit. Provided a bounded sequence, it is possible to 

isolate a sequence of which the behaviour is more and more regular. The diffusing model relating to this 

subsequence indicates a limiting topography that is self-invariant to the additional selection of a 

subsequence[5]. 

A spreading model is produced more specifically by use of normalized weakly null sequences, by studying 

the limits of finite linear combinations under permutations. The model that results is somehow symmetric 

and stable and a tool in the study of the geometry of Banach spaces [6]. 

A major element of spreading models is their ability to reduce the complexity of behavior of sequences into 

simpler forms, often corresponding to classical sequence spaces, like ℓp or c0. Their usefulness in the study 

of asymptotic structures and in applications to problems like distortion, in particular, makes them especially 

useful[6]. 

Spread models are a basic instrument of the study of asymptotic structures in Banach spaces. They were 

proposed to capture the limiting behavior of sequences and come up with a simplified and stable 

representation that encapsulates their essential properties. 

Let (xn) be a sequence in a banach space that is bounded. The concept of spreading models is to build a new 

sequence (en) that exhibits the asymptotic behavior of (xn) when sequences are chosen. It is done by taking 

into consideration normalized subsequences and examining the frontiers of finite linear combinations [6]. 

To be more specific, a spreading model is characterized by a limiting process whereby, as a set of scalars 

(a1,.ak) and indices are varied, the norm of linear combinations of the original sequence is close to the norm 

of the corresponding combination in the model sequence. This will provide us with a structure which is 

permutation and subsequence invariant, and which is highly symmetric. 

One of the key properties of spreading models is their stability. After a spreading model has been constructed, 

its dynamics is independent of which specific subsequence is taken, but instead on the asymptotic structure 

of the original sequence. This renders spreading models specifically valuable in the analysis of infinite-

dimensional phenomena where the direct analysis may not be easily accomplished [7]. 

The model space in many cases is like a classical sequence space, like the space of ℓp or c0. This relation 

enables researchers to carry intuition and familiar outcomes, in case of well understood spaces, to more 

difficult spaces. 

As an example to give a visual representation, one might take a bounded sequence in the space of l2. 

Extracting subsequences and comparing their behavior, it is noted that some statistical properties, like the 

magnitude distribution are nevertheless approximately stable. This observation can be found in the notion 

that spreading models describe the average/limiting behavior of sequences [8]. 

Within the framework of this work, spreading models can be used as an intermediary between abstract 

theoretical analysis and numerical simulations. Through analyzing sequences within the MATLAB 

experiments, we gain a computational approximation of spreading behaviour, attesting the theoretical 

framework. 

 

4. Structure of Spreading Models 

the geometry of spreading models gives further understanding to the geometry of the Banach spaces in terms 

of their asymptotic properties. Instead of only concentrating on their existence, one should study the way that 

these models are shaped and what characteristics they possess [9]. 

Symmetry of spreading models is one of their distinctive characteristics. Finite linear combination norm of 

vectors is only determined by the coefficients but not by the position of the vectors. This invariance is a kind 

of uniform behaviour which appears on an asymptotic level [10]. 

Their classification is an additional topic they need. Several classical spaces can be identified with which 

spreading models can be cast, i.e., with spaces like ℓp or c0. The classification is very important in the 

geometry of the original Banach space because it may determine the types of asymptotic behavior that occur 

[11]. 

Moreover, the topic of the spread of models is closely associated with the notion of weak convergence. 

Weakly null sequences give rise to regular, predictable models that spread within them. This relationship 

offers an effective structure of study of intricate sequences[11]. 

They are also useful in applications using their structural properties of spreading models. Their stability and 

invariance enable them to be used as canonical representations of sequence behavior and simplifies the 

analysis of even more complex systems[12]. 

In the given paper, it will be necessary to grasp the essence of splitting models in order to connect them with 

the problem of distortion. Their frequent regularity and symmetry give them a naturally occurring 

environment where geometric change, including distortion can be learned to occur. 

 

5. The Distortion Problem in Banach Spaces 

A key issue in the geometry of Banach spaces is the problem of distortion, which encompasses the study of 

how to alter the norm of a space and still maintain its linear structure. Specifically, the question is whether a 
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Banach space under consideration has an equivalent norm in which the distances between vectors can get 

appreciably distorted[13]. 

A pair of norms on a vector space are considered equivalent when they establish the same topology, although 

they can differ considerably as regards to the geometric properties. This freedom furnishes the prospect of 

contaminating the space through the stretching or squashing of some of the directions[14]. 

A Banach space is called to be distortable in case it has an equivalent norm, that is, such that, up to every 

subspace of the form of an infinity-dimensional space, the distortion can be realised as large as possible. The 

fact that this is so indicates the degree to which the geometry of the space can undergo changes[14]. 

Much attention came to the distortion issue with the construction of special Banach spaces with extreme 

geometry. These constructions prove that spaces that have straightforward linear structures can still have very 

nontrivial metric properties[15]. 

A geometric viewpoint would explain distortion as a non-uniform scaling between vectors. Others can be 

stretched extensively and others quite small. The phenomenon shows the richness and complexities of the 

infinite-dimensional spaces[15]. 

The problem of distortion considered in this work is both theoretically and numerically investigated. Using 

linear transformations on vectors and the comparison of their norms both prior to and after transformation, 

we get a tangible value of distortion. This gives an intuitive understanding of how isomorphic norms may 

change the geometry of a Banach space. 

 

6. Applications of Spreading Models to the Distortion Problem 

Spreading models are vital in understanding the distortion problem as it offers a model in which one analyses 

the asymptotic behavior of the sequences in both norms. 

Among the main lessons is that spreading models describe stable structural properties which survive 

throughout subsequences. This stability allows them to serve as a useful aid to the task of identifying 

distortion of the underlying behavior of sequences or to the task of simply rescaling their representation as 

geometric entities[16]. 

Specifically, when a sequence produces a spreading model of a classical space like ℓp, then its asymptotic 

structure is regular even under some transformations. Nevertheless, even in the assurance of a distortion, the 

extent of vectors can greatly influence the alterations in the norms without bending the existing 

framework[16]. 

Such a difference between structural stability and geometric variability is the key to the analysis of the 

correlation between spreading models and distortion. Whereas spreading models focus on invariance and 

regularity, distortion problem accentuate flexibility and change [17]. 

The behavior of the subsequences in the numerical experiments discussed in this paper was relatively stable 

and this is in accordance to the concept of spreading models. Meanwhile, the use of linear transformations 

led to a geometric change of ratio of about 3.3135. 

These observations indicate that one can isolate the stable core behavior of sequences by spreading models, 

and distortion analysis can tell how far the geometry can be distorted without altering this core behavior. 

They give an overall view of the structure of Banach spaces. 

 

7. Numerical Experiments 

Numerical experiments in MATLAB were performed to complement the theoretical analysis of spreading 

models and distortion problem in Banach spaces. The purpose of these experiments is to have a more 

intuitive, visual awareness of the abstract concepts of the sections mentioned above. 

To start with, some forms of sequences were created and these were convergent sequences, oscillatory 

sequences and random sequences. These sequences were applied and used to describe various structural 

behaviors on ℓp spaces. The graphical outcomes are that convergent sequences are more likely to settle to 

zero, the oscillatory sequences are more likely to show alternating decay whereas the random sequences are 

more likely to be irregular and non-deterministic. 

Second, ℓp norms of these sequences were calculated with varying values of p. The findings indicate that the 

size of a sequence is very relative to the decision of a norm. The bigger the components are, the more they 

affect the norm which is the geometric sensitivity of Banach spaces to the choice of norm. 

Third, in order to estimate the concept of spreading models the random sequence was used to extract the sub 

sequences and compare them. The findings indicate that with varying indexing, the subsequences share 

similar statistics behavior. This helps in the assumption that spreading models take care of the stable 

asymptotic structures regardless of the choice of the subsidiarygifts. 

Lastly, geometric distortion was simulated by using a linear transformation. The balance between the 

transformed and the original norm was calculated, and the distortion value was calculated to be about 3.3135. 

This implies that, in the transformation, there is a large change in magnitude and this demonstrates the 

distortion phenomenon within the Banach spaces. 
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All these experiments together offer an intermediate stage between theory and computational visualization 

that improves the comprehension of asymptotic structure, and theoretical geometric variability in infinite-

dimensional spaces. 

 

8. Results and Discussion 
Numerical findings underscoring some key considerations regarding the geometry of Banach spaces can be 

viewed. The difference in the asymptotic behaviour of various kinds of sequences shows how structural 

properties are important in determining an asymptotic behaviour. 

Figure 1 shows Figure 1 sequence x=1/n. 

 
Figure 1 sequence x=1/n 

 

Figure 2 shows comparison OF LP norms. 

 
Figure 2 comparison OF LP norms 
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Figure 3 shows subsequences behavior (spreading idea). 

 
Figure 4 subsequences behavior (spreading idea) 

 

Figure 5 shows original vector and distorted vector. 

 
Figure 6 original vector and distorted vector 

 

The computation of ℓp norms supports the fact that the geometry of ℓp spaces is very sensitive to the choice 

of norm, and thus may result in dramatic differences in magnitude between the same sequence. This supports 

the theoretical fact that the same norms can cause dissimilar interpretations of geometry. 

The subsequence analysis validates the idea of spreading models by demonstrating that some structural 

properties do not change after extraction of subsequences. This stability is in contrast with the variability 

brought about by linear transformations, as applied during the distortion experiment. 

The distortion ratio of 3.3135 is a quantitative indicator of the importance of geometry in the linear operator. 

This underscores the fact that even simple transformations can induce substantial changes in the parameter, 

even though the linear structure remains unchanged. 

In general, the findings provide a picture of the interplay between stability (represented by spreading models) 

and variability (represented by distortion) and give a complete picture of the structure of Banach spaces. 

 

9. Conclusion 
This paper explored the organisation of spreading models and their uses in the distortion problem in Banach 

spaces. Spreading models offer a very useful structure in the investigation of the asymptotic properties of 
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sequences, and the distortion problem deals with how far the geometry of a Banach space can be distorted by 

equivalent norms. 

With the help of both theoretical and numerical analysis, we have managed to show that sequences in ℓp 

spaces have a variety of behavior based on their structure, and the norm chosen. Subsequence analysis 

verified the stability characteristics of spreading models, but linear transformations demonstrated a great deal 

of geometric distortion. 

The calculated distortion ratio of around 3.3135 depicts that relatively straightforward transformations may 

significantly modify the norm structure of a space. This is a contrast of the structure stability and geometric 

flexibility of Banach spaces. 

Future directions involve generalizing these simulations to a higher dimensional context, and testing classes 

of Banach spaces more complicated to learn more about the dependence of spreading models on distortion 

phenomena. 

 

References  

[1] Guirao, Antonio J., Vicente Montesinos, and Václav Zizler. Open problems in the geometry and analysis of 

Banach spaces. Cham: Springer, 2016. 

[2] Beauzamy, Bernard. Introduction to Banach spaces and their geometry. Vol. 68. Elsevier, 2011. 

[3] Lorist, Emiel, and Zoe Nieraeth. "Extrapolation of compactness on Banach function spaces." Journal of Fourier 

Analysis and Applications 30.3 (2024): 30. 

[4] Nekvinda, Aleš, and Dalimil Peša. "On the properties of quasi-Banach function spaces." The Journal of 

Geometric Analysis 34.8 (2024): 231. 

[5] Gaebler, Harrison, Pavlos Motakis, and Bünyamin Sarı. "On the complete separation of unique spreading 

models and the Lebesgue property of Banach spaces." Canadian Journal of Mathematics 78.1 (2026): 222-

244. 

[6] Gaebler, Harrison, Pavlos Motakis, and Bünyamin Sarı. "On the complete separation of unique spreading 

models and the Lebesgue property of Banach spaces." Canadian Journal of Mathematics 78.1 (2026): 222-

244. 

[7] Gaebler, Harrison, Pavlos Motakis, and Bünyamin Sarı. "On the complete separation of unique spreading 

models and the Lebesgue property of Banach spaces." Canadian Journal of Mathematics 78.1 (2026): 222-

244. 

[8] Suárez, Jesús. "The Kalton-Peck space as a spreading model." arXiv preprint arXiv:2311.11685 (2023). 

[9] Ferenczi, Valentin, and Jordi Lopez-Abad. "Envelopes in Banach spaces." Banach Journal of Mathematical 

Analysis 18.3 (2024): 59. 

[10] Ansorena, José L., and Alejandro Marcos. "Remarks about symmetry-type conditions of conditional bases of 

Banach spaces." arXiv preprint arXiv:2601.15784 (2026). 

[11] Saber, Sayed, Emad Solouma, and Mansoor Alsulami. "Modeling Computer Virus Spread Using ABC 

Fractional Derivatives with Mittag-Leffler Kernels: Symmetry, Invariance, and Memory Effects in a Four-

Compartment Network Model." Symmetry 17.11 (2025): 1891. 

[12] Hasan, Ali, et al. "Epidemiological analysis of symmetry in transmission of the Ebola virus with power law 

kernel." Symmetry 15.3 (2023): 665. 

[13] Catrina, Florin, and Mikhail I. Ostrovskii. "Finite determination for embeddings into Banach spaces: New 

proof, low distortion." Journal of Topology and Analysis 18.01 (2026): 279-294. 

[14] Suárez, Jesús. "A remark on the distortion of twisted sums." arXiv preprint arXiv:2403.18037 (2024). 

[15] Stankov, Svetozar Zlatkov. "Symmetry and metric geometry in Banach spaces." Bulgarian Academy of 

Sciences, 2025. 

[16] Xu, Qingwei, and Zhoufeng Liu. "Application of discrete mathematical model in edge distortion correction 

of moving image." Discrete Dynamics in Nature and Society 2022.1 (2022): 8676311. 

[17] Li, Xiangjun, et al. "Tradeoff of code estimation error rate and terminal gain in SCER attack." IEEE 

Transactions on Instrumentation and Measurement 73 (2024): 1-12. 


