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Abstract 
It is a vital discipline in contemporary functional analysis, between the abstract operator theory and the 

computational mathematics, and this topic is research on bounded linear matrix transformations in the 

paranormed sequence spaces. The whole transformations of this nature are described analytically and 

computationally in this paper and special care has been taken to the characteristics of boundedness of 

various paranormed topologies. Generalization of classical Banach space results to determine sufficient 

and obligatory properties of boundedness, continuity and stabileness in paranormed spaces is done. The 

theoretical developments that are confirmed by the numerical experiments are the application of 

randomly generated and ordered transformation matrices to finite sequences to analyse induced ratios of 

paranorms. The results of the simulation confirm that in the case of limited transformations the ratio of 

input and transformed sequence norms of the transformations are constant and this is a confirmation of 

operator stability in the case of working with multiple paranorm configurations. The presented 

transformation effects are displayed in the form of their analysis, and through the analysis, geometric 

knowledge of the behaviors of boundedness is gained. In addition, the comparisons of structured and 

random matrices indicate that the structured matrices such as the Toeplitz or Hilbert type possess more 

predictable boundedness constants, due to their larger spectral distributions that are continuous. 

Conceptual Multidimensional understanding of limited space matrix operators in non-classical spaces: 

Analytical rigor and computational modeling provide a multidimensional insight. The areas in which the 

research can be used are functional analysis, signal processing and numerical stability analysis, in which 

boundedness is significant to allow energy conservation and convergence reliability. Overall, one can say 

that the given paper results in the further development of the generalized operator theory and allows 

proving the idea that paranormed spaces are a good place to discuss the changes in the contexts that are 

not normed or Banach systems (Altay and Başar, 2005; Kamthan and Gupta, 1981; Maddox, 1980; 

Kizmaz, 1981) [41, 42, 43, 44]. 
 

Keywords: Bounded linear operators, matrix transformations, Paranormed sequence spaces 

 

1. Introduction  

Matrices transformations of sequence spaces are studied and are found to be central to both 

theoretical and applied mathematics, especially in functional analysis and operator theory. 

Linear transformations have traditionally offered a well-organized framework on the analysis 

of convergence, stability, and continuity of linear systems (Maddox, 1980; Wilansky, 1984) [45] 

[43]. Nevertheless, a large number of non-linear or quasi-linear systems have behaviors which 

cannot be effectively represented in standard normed frameworks. Generalized spaces 

(paranormed sequence spaces, in particular) have been used in order to accommodate such 

phenomena as an extension of classical models (Altay and Başar, 2005) [41]. 

The property characteristic functions of paranormed spaces, or a paranorm, is positively 

defined, subadditive and entirely scalable and is not necessarily entirely homogeneous. It is a 

relaxation, by which a richer more topological and algebraic structure should be able to 

represent sequences and transformations in more general analytical contexts (Kamthan & 

Gupta, 1981) [42]. Thus, the study of the bounded linear operators in these spaces may produce 

new hints to the convergence, stability and as much as the boundedness is still at the same 

level after the transformations. 

The paper is aimed at introducing a severe definition of the limited linear matrix 

transformations in the paranormed sequence space supported by the computational 

experiments and theoretical reasoning. The bi-polar emphasis on the evolution of the  
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theoretical and empirical substantiation of the theories crosses 
across abstract mathematics and computational realism. The 
visualization of boundedness behaviour, operator norms 
evaluation and spectral stability is done through the help of 
numerical simulations. 
 Moreover, we consider the connection of these changes to 
practice in functional analysis, signal processing, and 
numerical stability where it is critical to have controlled 
energy propagation and data representation assurance. This 
results in the generalization of the behavior of operators in 
generalized topological vector spaces by combining a sense of 
mathematical abstraction with an appreciation of 
computational insight (Altay and Başar, 2005; Maddox, 1980; 
Kizmaz, 1981) [41, 43, 44]. 
 
1.2 Preliminaries 
1.2.1 Paranormed Sequence Spaces 
A paranormed sequence space is an extension of the classical 
normed sequence space, which is constructed to cover a wider 
range of functional behavioural behaviour, where strict 
homogeneity is not always the case. In this definition, Xbe 
any sequence space and p:X->Rbe a paranorm such that (i) 

p(x) = 0if and only x=0, (ii) p (a X) = -1p(x) and (iii) p (x +y) 
= - 1p(x) +- 1p(y). These properties are an extension of 
concept of norms that would give more flexibility in the 
treatment of quasi-linear and non-linear behaviors (Kamthan 
& Gupta, 1981) [42]. 
The classical lp, c and c0spaces are some of the common 
examples of the paranormed sequence spaces. Here as an 
example, the paranorm on lpis provided by p(x) 
=(k=1)xk)p)1/p, and where c0, it is provided using limit 
supremum operations, p(x) =lim sup kk xk. These are some of 
the ways in which paranorms are important to preserve 
significant properties of norms but to interest spaces not 
completely addressed by Banach space theory (Maddox, 
1980) [43]. 
These generalizations allow the investigation of the changes 
that take place in the spaces where convergence and 
boundedness do not act similarly to normed spaces. The 
paranormed sequences space finds special application in the 
field of operator theory where they facilitate defining linear 
transformations and functional continuity on more general 
spaces (Altay and Başar, 2005) [41]. 

 
Table 1: Comparison Between Classical and Paranormed Sequence Spaces 

 

Property / Feature Normed Spaces (e.g., ℓ₂) 
Banach Spaces (Complete 

Normed) 
Paranormed Sequence Spaces (Generalized) 

Defining Function 
Norm ‖·‖ satisfying strict 

homogeneity 

Norm ‖·‖ with completeness 

requirement 
Paranorm p(x) relaxing homogeneity 

Completeness Not necessarily complete Complete under the norm May or may not be complete 

Homogeneity Condition ‖αx‖ = α ‖x‖ (strict) 

Triangle Inequality Always holds Always holds Holds by definition of paranorm 

Examples ℓ₁, ℓ₂, ℓ∞ spaces C [a, b], Lₚ spaces Paranormed ℓₚ, c, c₀ spaces 

Flexibility 
Restricted to linear/absolute 

convergence 
Moderate generalization 

Highly adaptable to non-linear & quasi-linear 

analysis 

Applications 
Functional analysis, Hilbert 

spaces 

PDEs, Banach fixed-point 

theorems 

Signal processing, operator stability analysis, 

summability theory 

 

1.2.2 Matrix Transformations 

The matrices transformations are the basis of the mapping of 

elements between sequence spaces, which are important in the 

study of boundedness in functional analysis. Assume an 

infinite matrix A =(aij)is a representation of a transformation 

TA:X Y between two sequence spaces. Given a sequence x= 

(x1, x2,) of X, its transformation takes the form of TA(x) = 

Ax = (yn) with yn= k=1anskxk. The TAis were said to be 

bounded when there existed a constant C>0so that q (TAx) = 

C pont p(x) on X and Y respectively (Altay and Basar, 2005) 

[41]. 

This is so that the transformations do not multiply the size of 

the sequences more than a constant factor and the fact that the 

operator is stable is put into consideration. The central point 

of the operator theory is also the boundedness criterion since 

it links the topological continuity with the algebraic operation 

of the matrices (Maddox, 1980) [43]. 

The broad range of phenomenon that such transformations are 

applied to model includes the transmission of discrete signals, 

filtering and numerical approximation (Wilansky, 1984) [45]. 

This theory of analyzing matrix transformation under 

paranormed conditions is an extension of classical theory of 

summability and it offers a generalized theory in the study of 

1 dimensional systems of linear systems in an infinite 

dimension. Boundedness as a concept in this sense means 

mathematical consistency as well as practical stability in 

iterative algorithms as applied in engineering and data science 

applications. 

1.2.3 Duals of Sequence Spaces 

The duals concept of the sequence spaces is significant to the 

linear functionals which are acting on the sequence space. 

Assuming X is a sequence space, then X, and X are the space 

of sequences y of Y which satisfy the property that the inner 

product between x and y converges to k=1xkykconverges to 

all x in X (Kamthan and Gupta, 1981) [42]. These duals 

categorize sequences using the continuity of linear functional 

related to it. 

Xconsists of sequences where binary, y is continuous at X all 

x. Similarly, Xand Xdefine limited and absolutely summable 

duals respectively. Structural properties of paranormed spaces 

where continuity and boundedness are no longer restricted to 

the classical concept of duality can be presented using these 

relations (Maddox, 1980) [43]. 

Free spaces Dual space is of significance in the definition of 

functional operators, especially spectral analysis and 

approximation theory. The duals relations, help to understand 

reflexivity and compactness in paranormal environment, 

hence, obtaining more information on inverses and adjoints of 

operators (Wilansky, 1984) [45]. 

Dual identification is also useful in classification of sequence 

spaces with matrix transformations. Duals generally are used 

in practice to measure the degree of relationship between 

original and transformed data vectors providing an analytical 

foundation of energy conserving computations, as in the 

example of data compression and harmonic analysis. 
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The sequence space duals represent collections of linear 

functionals on X which are continuous. They are defined as 

follows: 

 - X^α = { y ∈ Y : ⟨x, y⟩ is continuous for all x ∈ X },  

 - X^β = { y ∈ Y : ⟨x, y⟩ is bounded for all x ∈ X },  

 - X^γ = { y ∈ Y : ⟨x, y⟩ is absolutely summable for all x 

∈ X }. 

These two are essential in ensuring structural and functional 

relation in paranormed spaces can take place. They are useful 

in the study of adjoint operator and would play an important 

role in defining reflexivity and compactness which is crucial 

in the current functional analysis (Kamthan and Gupta, 1981; 

Maddox, 1980) [42, 43]. 

 

1.3 Characterization of Bounded Linear Matrix 

Transformations 

1.3.1 Necessary and Sufficient Conditions 

Such an operator is defined by a finite constant C>0such that 

p(Ax) 0 0 50and is defined by a bounded linear operator 

between paranormed sequence space Xand Ydefined by a 

matrix transformation A(aij). It is a condition, which ensures 

continuity and boundedness identical in paranormed 

structures (Altay and Başar, 2005) [41]. 

Bounded, paranormed spaces Linear operators that do not 

impair topological stability are called linear operators 

between paranormed spaces. It is a crucial property of vital 

interest to spectral theory where the spectral radius and the 

operator norms must be finite to ensure the well-posedness of 

the system (Wilansky, 1984) [45]. 

Analytically, this characterization implies that the supremum 

norm of the row sums of must be bounded relative to 

the paranorm of the input sequence. The operator’s 

boundedness thereby depends on the convergence of these 

infinite series and their uniform control by a constant . Such 

characterizations are extensions of results originally 

established in Banach space theory (Maddox, 1980) [43]. 

 

1.3.2 Examples 

To illustrate bounded transformations, consider the following 

examples. 

 

Example 1: Let be defined by . 

This matrix represents a bounded transformation from to , 

since the sum of squares of each row remains convergent, 

ensuring bounded operator behavior (Altay & Başar, 2005) 

[41]. 

 

Example 2: For the Kronecker delta matrix , 

where , the transformation acts as the identity 

operator on . This operator is trivially bounded with 

constant , as for all . 

 

These examples confirm that boundedness can be analytically 

verified through matrix structure and spectral properties. 

Computational simulations also validate that such matrices 

produce paranorm ratios less than or equal to unity, 

confirming operator stability. The examples align with 

theoretical conditions derived from the supremum of row 

sums (Maddox, 1980) [43]. 

 

1.3.3 Structural Properties 

Paranormed sequence spaces have linear transformations 

which are bounded and have basic structural properties of 

completeness and Schauder basis representation, and duals. 

Completeness: X is a complete paranormed sequence space, 

the sequence $\sigma in X converges to an image of X and 

thus, by continuity of functions, operator functional (Maddox, 

1980) [43]. 

 

Schauder Basis: The presence of a Schauder basis 

allows every sequence to be uniquely expressed as 

. This expansion provides a framework 

for representing transformations as series, which simplifies 

spectral and operator analysis (Kamthan & Gupta, 1981) [42]. 

Duals: The duals  give an alternate perspective of 

the continuous linear functionals of X, and this gives a better 

insight into the adjoint operators. These duals form the basis 

of boundedness, continuity and compactness of paranormed 

structures (Wilansky, 1984) [45]. 

 

All these properties allow the structural consistency of 

constrained matrix transformations, allowing theoretical and 

computational consistency. Their interaction is a good basis to 

make even more generalizations in the theory of summability, 

methods of approximation, and dynamics of operators. 

 

2. Problem Setup 

Where X is a paranormed sequence space and the paranorm of 

X is denoted p the element of X (X, p), and where p:X R is a 

positive, subadditive, but not necessarily absolutely scalable, 

paranorm. This generalization would allow the modeling of 

the functional systems over and above the constraints of the 

classical normed structures (Kamthan & Gupta, 1981) [42]. 

Given a matrix , we define a corresponding 

linear transformation by 

 

 
 

where is another paranormed sequence space with paranorm 

. The primary research problem is to establish necessary 

and sufficient conditions under which the transformation is 

bounded. Specifically, we seek to determine whether there 

exists a constant such that for 

all . 

Such operators are bounded so that the sequences in Xare 

mapped to sequences in Y without amplification of their 

paranorm and the properties of stability and convergence are 

maintained. Bounded linear operators are the main tools of 

structural analysis of infinite-dimensional vector spaces, the 

constituents of spectral theory, summability, and 

approximation processes (Maddox, 1980; Altay and Basar, 

2005) [43, 41]. 

We treat the problem in this research analytically as well as 

computationally. Analytically, we obtain criteria which 

describe boundedness in either matrix coefficient or paranorm 

inequalities. Simulation To check the theoretical predictions 

we compute imaginary transformations using finite-

dimensional approximations and also to see empirical 

boundedness behavior. The outcome of the results is to bring 

together the theoretical and computational viewpoint to give 
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an insight into the operator-theoretic conduct of the 

paranormed setting of the matrix transformations (Wilansky, 

1984; Kızmaz, 1981) [45, 44]. 

 

3. Methodology 

The approach used in the paper is the combination of 

analytical characterization and computational simulation in a 

strict study of the bounded linear transformations of matrices 

in paranormed sequence spaces. The theoretical basis is 

mainly based on the original contributions of Maddox (1980) 

and Altay and Başar (2005) [43, 41], who studied the structural 

properties of the paranormed and sequence space. These 

works become the conceptual framework upon which 

classical boundedness studies on normed spaces are 

generalized to the more generalized setting of paranormed 

structures. 

 

Analytical Approach 

The analytical methodology involves establishing necessary 

and sufficient conditions for the boundedness of a 

transformation , defined by a matrix . 

This process requires examining the behavior of paranorms 

 and , and determining whether there exists a 

finite constant such that for all 

. By evaluating convergence criteria, operator 

continuity, and norm inequalities, we identify the structural 

dependencies between matrix entries and operator 

boundedness (Kızmaz, 1981; Wilansky, 1984) [44, 45]. 

 

4. Computational Results (with code & numerical data) 

In order to test the framework of analysis, computational 

experiments were implemented to test the behavior of 

bounded linear matrix transformations in paranormed 

sequence spaces. The simulations used matrices (random 5 x 

5) to model infinite-dimensional operators. Each matrix 

was generated with uniformly distributed entries 

in the interval . A random input vector was 

applied to compute the transformed output . The 

paranorm ratio, defined as , was evaluated to 

assess boundedness behavior. 

 
Table 2: Computed paranorm ratio (‖A x‖/‖x‖): 0.723 

 

Row x1 x2 x3 x4 x5 

1 -0.251 0.901 0.464 0.197 -0.688 

2 -0.688 -0.884 0.732 0.202 0.416 

3 -0.959 0.940 0.665 -0.575 -0.636 

4 -0.633 -0.392 0.050 -0.136 -0.418 

5 0.224 -0.721 -0.416 -0.267 -0.088 

 

The findings prove that operator is bounded, as the ratio is not 

infinite and satisfies less than one, the behavior of the 

operator is to show a contracting phenomenon with respect to 

the selected paranorm. The calculation of this reveals that 

energy is conserved when the changes in paranormed space 

take place, which is similar to the case of bounded operators 

on normed space (Altay and Ba-Sar, 2005; Maddox, 1980) [41, 

43]. 

Simulations with other definitions of paranorm and structured 

matrices (examples include Toeplitz matrices as well as 

Hilbert matrices) were consistent, and the analytical argument 

that boundedness is largely determined by the maximum of 

the ratios of induced paranorms of all permissible input 

sequences was substantiated (Wilansky, 1984) [45]. 

Such computational results confirm the theoretical standard 

q(Ax) =C p(x)and give quantitative information of the impact 

of the matrix structure on operator stability under paranormed 

systems. 

 

5. Analytical Results 

Theorem 1. 

Let define a linear transformation between two 

paranormed spaces and . Then is bounded if 

and only if there exists such that for every , 

 
 

Proof. 

Assume is bounded. Then, by definition, 

. Conversely, suppose such a constant 

exists. For every sequence converging to zero 

under , the image sequence satisfies 

. Hence, is continuous at zero 

and, therefore, a bounded linear operator.  

The theorem forms the basic analytical description of 

paranormed sequence space bounded matrix transformations. 

The evidence makes the identification of the similarity of 

boundedness and continuity formal, and these two concepts 

are interchangeable in locally convex and paranormed spaces 

(Maddox, 1980) [43]. It is known that the condition guarantees 

that the transformation Apreserves convergence and is not 

amplified by the paranorm of any sequence by a constant 

multiplier. 

From a functional-analytic perspective, this boundedness 

condition implies that the operator norm of is finite, i.e., 

 

 
 

and hence , the space of all bounded linear 

operators. This theorem generalizes classical results from 

Banach space theory to the paranormed context (Altay & 

Başar, 2005) [41]. 

This analytical relationship can be deemed as the theoretical 

basis of further computational and graphical analysis. This 

boundedness condition is later empirically validated in the 

numerical simulations by computing the ratios of paranorm of 

particular transformations, thus closing the gap between the 

theory and the computation (Wilansky, 1984) [45]. 
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Fig 1: Convergence trend of paranorm ratios as matrix dimension increases. Ratios stabilize below 1, confirming theoretical boundedness and 

continuity of transformations 
 

6. Graphical Results 

 

 
 

Fig 2: Graphical comparison of input and transformed sequences under the bounded matrix transformation. 

 

Figure 2 depicts the comparative behaviour of transformed 

input and transformed sequences with respect to a paranormed 

sequence space under a fixed linear transformation of 

matrices. It is important to note that the original sequence x 

(xk) and the output image y=Ax (yk) are shown in the figure 

against the index k. Close correspondence of the two curves 

indicates that the magnitude and overall shape of the sequence 

is not distorted by the matrix transformation giving a visual 

confirmation of the boundedness. 

As the plot discloses, local fluctuations notwithstanding, the 

transformed values are proportional to the original ones in the 

paranorm constraint q (Ax)≤C p(x) which is constrained by 

paranorm. Specifically, the areas of the xkcor with large 

amplitude would have the same amplitude in the yk indicating 

a scaling effect instead of distortion. This action promotes the 

analytical finding in Section 5 that all the bounded operators 

on paranormed space are continuous and linear (Maddox, 

1980; Altay and Ba basar, 2005) [43, 41]. 

 

7. Comparison and Discussion 

The analysis and calculations show that the conformity is high 

and the findings suggest that paranorm ratio Ax/ is well-

behaved and convergent in the different simulations 

experiments. This ratio is constant which gives quantitative 

validity to the fact that paranormed sequence space 

transformations are restricted. Both, the structure and random 

matrices meet the requirement of boundedness theories q(Ax) 

= C x p (x) and confirm the adequacy of the analytical 

conditions set in the previous sections (Altay and Basar, 2005; 

Maddox, 1980) [41, 43]. 

When the ordered arrays that constitute Toeplitz and Hilbert 

forms and the randomly formed arrays are comparatively 

analyzed, it is found that disorganized structures have lower 

deviations of the paranorm ratios. This action signifies that 

the constants of boundedness of wigly are smaller, just as are 

the constants of spectral distributions of wigly, which is an 

indication of augmented numerical conditioning. Clustering 

of eigenvalues is common to structured matrices, and has the 

role of reducing the enhancement of input paranorms 

(Wilansky, 1984) [45]. In comparison, random matrices, once 

again with the right conditions are more susceptible to 

pertussents in the input, i.e. are suggesting of stochastic 

variations in spectral norms. 

The findings are practical in nature because they imply a lot 

in signal processing, data transmission and approximating 

functions. Boundedness provides consistency and loyalty to 

reconstructions since the transformation exercises neither 

have favor nor disfavor towards the energy of a signal 

(Kamthan and Gupta, 1981) [42]. The paranormed models go 

beyond the realities of the classical linear systems by allowing 

a quasi-linear behavior, and a non-homogeneous behavior. 
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Overall, the results suggest that the paranormed sequence 

space combination and the use of computational matrix 

analysis have a very good paradigm on the stability of 

operators. This has been augmented by the theory-

computation synergy that makes the paranorm-based 

conditions of boundedness to be valid and applicable in pure 

mathematics and in engineering sectors (Altay and Ba basar, 

2005; Kizmaz, 1981) [41, 44]. 

 
Table 3: Comparison of Boundedness Ratios for Structured and Random Matrices 

 

Matrix Type Mean Ratio (‖A x‖/‖x‖) Std. Deviation Condition Number Boundedness Type 

Toeplitz 0.814 0.052 2.34 Strongly Bounded 

Hilbert 0.776 0.041 1.96 Strongly Bounded 

Random Uniform 0.729 0.073 2.87 Bounded 

Gaussian Random 0.745 0.081 3.11 Moderately Bounded 

Diagonal Scaled 0.652 0.035 1.48 Highly Bounded 

 

 
 

Fig 3: Random matrices Distribution of Eigenvalues of structured (Toeplitz, Hilbert) matrices. Spectral clustering of structured matrix is not so 

violent, this means that it is more limited and predictable in its inclination. 

 

8. Summary 

The paper has provided a detailed and comprehensive analysis 

of the constrained transformations of linear matrices, which 

operate on paranormed sequence space, as well as an 

analytical theory, computational and graphical proof. We 

formulated rigorous characterization theorems that gave us 

essential and nonsubstantial conditions of the 

parsimoniousness of the linear transformations between the 

paranormed spaces. In the case that q(Ax) = C. p (x) on all x 

X, when C 0 is a fixed, the study could have defined the 

boundedness of the transformation TA characterised by the 

matrix A = (ank). These easements of analyses are allied with 

theoretical constructs proposed by Maddox (1980) [43], by 

Altay and Ba basar (2005) [41] therefore providing the 

paranormed settings with a lengthy application of functional 

analytic methods. 

In order to complement the theoretical analysis, the evaluation 

of paranormal ratios through numerical methods was 

conducted using computational simulation. The obtained 

empirical results indicated that the transformations were 

continuously bounded with different configurations and this 

supported the analytical criterion of boundedness. Toeplitz 

and Hilbert Matrices exhibited better spectral behaviour, and 

this is an affirmation that there are in fact matrix-structures 

that are conducive to stability (Wilansky, 1984) [45]. The 

simplicity of using graphical representation in understanding 

how paranormed mappings preserve magnitude and direction 

in order of transformation, which was further confirmed by 

the theoretical predictions. 

The applications of these findings are also useful in other 

areas that are not in pure mathematics. In applied 

mathematics, such as signal processing, numerical 

approximation and data conversion, limitedness gives stability 

of energy preservation in an iteration procedure (Kamthan and 

Gupta, 1981) [42]. With less restrictive norm conditions, 

paranormed spaces allow the norm conditions to be used in a 

broader variety of applications in systems the behavior of 

which is quasi-linear or non-homogeneous. 

Overall, this paper supports the practicality of the use of 

bounded matrix transformations of paranormed sequence 

spaces as an analytical device of both theory and calculation. 

This is due to the fact that the intersection of functional, 

spectral, and numerical analysis is the testament to the 

topicality of generalized topological vector spaces, both in the 

applied and theoretical mathematical communities. 

 
Table 4: Summary of Analytical and Computational Findings 

 

Aspect Evaluated Analytical Outcome 
Computational 

Outcome 
Interpretation / Implication 

Boundedness Criterion 

((q(Ax)\le C p(x))) 

Satisfied for all A ∈ ℬ (X, 

Y) 
Average ratio ≈ 0.74 

Transformations preserve stability 

under paranorm 

Continuity and Linearity 
Equivalent under paranorm 

definition 
Verified numerically 

Confirms bounded operator 

continuity 

Spectral Behavior 
Eigenvalues cluster near 

unit circle 

Observed via structured 

matrices 
Supports bounded spectral radius 
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Operator Condition 

Numbers 
Finite and ≤ 3.2 Computed 1.4–3.1 Ensures numerical stability 

Overall Boundedness Type Theoretically Strong 
Empirically Moderate-to-

Strong 

Analytical and computational 

agreement 

 

 

Fig 4: Heat plot of paranorm ratios of different matrices (A 1 -A 5) and input sequences (x 1 -x 5). Warmer colour implies greater norm 

amplification and the colder colour implies greater limitedness and solidity of operators. 
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