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Abstract— Epistemology is a philosophical term which holds importance for a specific set of abstract actions, that holds 

magnitude of strength due to its importance over the subject matter. Here in the areas of mathematics that justify most of the 

statements that are arising due to various reasonable actions are termed as Epistemology due to its linkage with abstract 

theory of reasoning of knowledge. One such aspect is what we intend to discuss in this paper is that the mathematical 

inclination of this philosophical term. This can be also known as looking at a certain mathematical concept and further 

exploiting the philosophical aspect as well with the help of certain assumptions and theories that are used to study this aspect. 

The mathematical aspect under study in this paper is the Kunneth theory that was given by Hermann Kunneth a German 

mathematician which was further less exploited over the philosophical aspect and hence left unexplored from many facets 

of applications and forms. This research paper intends to cater the epistemological investigation towards the Kunneth theory. 

This method further develops to use aspects of epistemology known as the utilization of the visual analysis over the Kuneth 

theory. 
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I. INTRODUCTION AND PREREQUISITES 

From the past many centuries philosophy and mathematics have been considered as the two sides of the same coin. The greed 

for development of literature in a mathematical domain was backed by the philosophical methods of justifying concepts and 

ideologies. Some of the famous concepts that hold philosophical importance are the Godel’s incompleteness theorems and the 

Church turning theorem. Apart from these there are many such theories that are treated under the philosophical or the rhetorical 

way of understanding their importance. Before moving ahead let us get an understanding of the fundamental concepts of 

epistemology and the Kunneth theory that is supposed to be treated below. 

A. Epistemology: The ultimate philosophical tool of justification. 

As spoken above in most of the introductory parts of the paper we get a brief of this philosophical concept used to extract or 

analyze the magnitude of knowledge towards a certain mathematical entity. The classification of the philosophical concept can 

be well understood with the below tree diagram. 

 
Fig. 1: 

As the above figure says the various branches of philosophy deals with the theory of knowledge being tested and 

verified in various aspects depending on their source and scope of occurrence. We intend to treat the mathematical concept in 

algebraic topology of the Kunneth theory to be treated with various tools of epistemology to gain justification of knowledge 

over this concept.  

The step by step process of analyzing a mathematical activity with the process of epistemology and its aspects is listed 

below. This process can further be seen to justify the fragmented aspects of the kunneth theory. 
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Fig. 2: 

The major aspect of epistemology deals with the visualization of the given mathematical concept. Let us initially understand 

the extent of epistemology to view a mathematical aspect with the involvement of certain parameters. Later part of the paper 

involves the cultivation of these aspects in a sequential manner.  

- Past historical attempts in philosophical analysis of the mathematical concepts can be seen ahead. 

1) Godel’s incompleteness theorems. 

Based on the axiomatic forms of justification of a mathematical aspect the godel’s axiomatic concepts are taken to be a step by 

step example to understand the effectiveness that holds true. The statement can be seen as below. 

“Any consistent formal system F within which a certain amount of elementary arithmetic can be carried out is 

incomplete; i.e., there are statements of the language of F which can neither be proved nor disproved in F.” 

This statement gives a condition of the following scenario to be true,   a true sentence φ F such that F ⊬ φ, i.e. 

there exists a true sentence φ in F such that φ is not provable within F. 

If, in addition, (v) F is  - consistent, then F ⊬  φ, i.e. if conditions (i) – (v) are satisfied, then the negation of φ 

connot be proven within F. 

Thus, if conditions (i) – (v) hold, then F contain truths that cannot be proven or disproven within F, i.e. F is incomplete. 

The main aspect of this theorem gives a philosophical aspect of differing the truth stamen from the proof statement. 

Collecting all the formal accommodations of the justified statements to compete this axiom of choice. As known by no proper 

justification on formal proofs these statements are considered to be void for efficiently of the proofs. The further philosophical 

aspect of a similar mathematical concept is that of the   

II. THE CHAITIN’S INCOMPLETENESS THEOREM 

The main aspect that holds importance over this theorem is that of the associative property over the set of elements kept in an 

ordered formation. 

“For a constant value entity P (depending on a particular axiomatic system & also on the mode of explanation) such 

that there exists no sequence that satisfies the statement: 

𝐾(𝑠) 
As formalized in ‘s’ for the given system.” 

The above system of concepts also can be justified with the axiomatic process of philosophical analysis.  

The further part of the paper deals with the mathematical concept of analyzing the mathematical concept with another parameter 

known as the epistemological overview. This can be well understood with a concept known as visualization  

A. Visual analysis an introduction: 

The epistemological analysis of the Kunneth theory can be understood with the visual analysis of the concepts of the Kunneth 

theory.  

The major aspects of the visual analysis of epistemology can be seen below. 

- A process is superfluous when the process of thinking is diagrammatic in nature of its thought.  

- The components that are not superfluous or not following the same trend as that of the diagrammatic formation are 

considered to be replaced with some other parameter of thinking with reliable proofs.  

- Some of the concepts that are following reliability with no diagrammatic formation of a sequential pattern nor are 

considered to be justified along the diagrammatic methodology of thinking are neither superfluous nor are replicable with 

any other forms of thinking. 



 
Epistemology of the Kunneth Theory 

 (IJSRD/Conf/NCTAA/2016/083) 

 

 
348 

B. Kunneth theory: An Introduction. 

Let us consider the generalized definition of the Kunneth theorem as given for the cohomology before we talk more about the 

graphical structure formed due to its algebraic arrangement and also retaining its property after the projection from the 

cohomology space to the real planes. The algebraic kunneth formula in a general form is given as follows. 

If C∗ (or any D∗) is a free cochain complex over any partial integral domain R, then there exists a natural sequence given by 

the following mathematical statement. 

0 →p+q=n
⊕ Hp(C∗) ⊗ Hq(D∗) → Hn(C∗ ⊗ D∗) →p+q=n+1

⊕ Hp(C∗) ∗ Hq(D∗) → 0                 {a} ⊗ {b} → {a ⊗ b} 

The sequence will further split whenever the end terms are free. C* refers to the cohomology chain complex that is 

the underlying space consisting the sequence. We further consider them to be independent topologies in to the later statements 

which take topologies and their products as follows. 

H∗(X∎; k) ⊗ H∗(Y∎; k) → H∗(X∎ × Y∎; k) 
The below statement thus seen is having a construction over the field ‘k’. This relation also shows the isomorphism 

property followed by these entities in the above seen statement. The algebraic structure as discussed in the previous chapter is 

also to be considered to be a derived from the local ring structure having some kind of cohomology in between the elements 

preferably known as the topologies. The scope of this chapter majorly focuses on the algebraic structure thus obtained after the 

projection of the Kunneth arrangement Ka and later the Kunneth graph Kg as graphical arrangement thus obtained in the real 

plane and further to investigate its properties using various tools in graph theory. 

C. Visual analysis of the Kunneth theory. 

The visual analysis which holds a truth of statement of the epistemological justification of the mathematical concept in lieu to 

the axiomatic forms is Kunneth expressed with the following graphical forms. 

The triangulated structures created by the Kunneth arrangement Ka forming the graphs Kg in the process of projection from a 

cohomology space to the real plane. There was also a proof of these graphs being connected thus giving the continuous mapping 

satisfying the closed structure. Before we discuss more about the graphical structures we need to investigate a specific property 

of graphs that shows a parameterization from the cohomology space which acts in a similar fashion. These graphs are known 

as the moment graphs. We shall be further trying to show the relation of such entities in cohomology space to the real space. 

 
Fig. 3: 

The non-axiomatic or the non-visual justification of the Kunneth theory can be seen in the following explaination. 

The triangular structural association over the cohomology space is also well expressed using the Schubert varieties 

over the concerned space. For the same reason there is a need to consider a grassmannian over the sequence of topologies. The 

objective of studying these kinds of varieties over the space is to get a sequential pattern to gain the clear visibility of the 

Kunneth formation. We consider a sequence of points in the triangular formation where there are topological spaces to be 

governed by the vector spaces of some dimensionk. We need to show the Schubert variety over the structure to gain the 

consistency of the triangular formation which can be further investigated over the real space to attain a interference of patterns 

found in the structures in R3.  

After the Schubert varieties are estimated in the Kunneth formation of this triangular structure we can further name it 

as an identical system of topologies in the graphical formation to be further studied in the graph theory to attain its physiological 

aspects. This analysis will further be carried out with the help of various tools in the graph theory to define a graph of the 

specific arrangement of the Kunneth theory to be named as the Kunneth Graph. This graph will also satisfy the minimum 

requirements of Cohomology localization of the Kunneth theory in the form of a graph using this arrangement of the topologies 

and their association in Cohomology spaces to be visualized in the real space later or to be more specific to carry out the 

parametrization of the graphs following the Kunneth arrangement in the Cohomology space to the real space.  

The Kunneth arrangement in the cohomology space with the association of the two topologies and their product space 

is taken in to consideration in this discussion. The Kunneth arrangement in the previous part is seen as below. However, we 

now consider their parent topologies T1, T2 and their product space as T1 ×  T2. 
We further consider a set of points in the Kunneth arrangement (Ka) to be formed in a sequential arrangement governed 

by a set. Let the set of points in that set which is a part of the Kunneth arrangement be defined as p1, p2, p3, … . . , pn.  
As considering the set Si is well ordered for any ith Interval in the Ka. As Si is a subset of Ka and Si is a construction 

of points p1, p2, p3, … . . , pn Є Si and Si is well ordered gives us the assumption of the subset inside the Ka which is connected 

among the individual topologies as seen in the most of the previous part of the discussion we declare the existence of the subset 
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to be sharing an intersection to a set of a grassmannian type. Further this intersection of the Gr with the Si may be considered 

for any such kind of grassmannian intersection.  

The set of points over GrՈSi which shows an intersection of the set of the grassmannian and the sequential set 

formation. As the set of sequential formation is a local embedding of a well ordered set of points p1, p2, p3, … . . , pn Є Si. There 

should not be an ignorance to the fact that it’s an embedding in the parent Kunneth Arrangement Ka. The grassmannian 

intersection of the set Si and the element on the Gr will be forming a character subset as Gr (k, pi). The points on the set Si will 

be further considered as the vector entity over the well ordered set.    The explanation of the set Gr (k, pi) gives a liberal 

understanding of the dimension of a set under the grassmannian property to be of ‘k’ for the individual topological spaces 

intersected with the sets pi. The concepts of a projective variety as previously used in the explanation of the grassmannians 

which are visualized under its formation of the algebraic structure are taken into consideration. We recall the consideration of 

the sequential arrangement of points p1, p2, p3, … . . , pn Є Si where Si is a subspace of the given topological spaces or individual 

objects as T1 andT2. Let the concept recall the similar Grassmannians in the complex space as that to be true for any k=1 in 

the Grassmannian Gr (k, pi). 
We now intend to find a linear character of the selected subspaces to achieve the exclusive property of identifying the 

property of Gr. As known in the earlier part of our assumption the individual topologies are a part of the Kunneth arrangement 

given as Ka, whereas the category of the selected sub topologies in them are sequentially connected. This in turn gives an 

extension to the theoretical assumption that there exists a sequence of points as well in the topologies. As p1, p2, p3, … . . , pn Є Si 
and Si is subspace of Ti for i = 1 and 2. We further give the projection of the space which is extracted from the individual 

topologies as considered in the arrangementKa. This kind of projection of the sequential arrangement in between the topologies 

is considered to give a visualization of the Grassmanian type of formation and also its kind of an algebraic structure. This 

structure thus formed can also be formed as the algebraic structure formed by the identification of the grassmannian type of 

varieties. 

D. Epistemology of the Kunneth theory.   

Following the above visual and the non-visual analysis that contradict the axiomatic analysis of the justification process intends 

to fortify the proofs of generalizing the Kunneth theory. 

 
Fig. 4: 

The above diagram which shows the Kunneth arrangement of the topologies also shows the relative properties in 

between the independent topologies and their product spaces as well. Let us not forget the triangular formation obtained in the 

due process of this kind of arrangement.  

Now further we shall visualize the formation of the individual topologies and the inclusion of the grassmannians 

embedded in each of them with the sequential formation of subspaces thus giving the specific varieties altogether. Now 

considering the individual topologies as follows. 

 
Fig. 5: 

This figure is an attempt to visualize each set of the individual topologies with the identification of each set of a 

grassmannian included in it. The grassmannian are formed in the provision of the sequential formation of the set of points in 

each Si where each subset is a provision of points as p1, p2, p3, … . . , pn Є Si. These kind of arrangement is further to be 

considered as in the line of giving a Schubert variety which can be attempted to be viewed as follows. For the same reason the 

set of sequential formation of the points embedded in the subspaces Si of each topological space is taken into a consideration.  
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As obtained the grassmannian over the arrangement Ka, the sets are further being well ordered to give a local 

embedding that shows as follows. This well-ordered property can be further considered as the S1ϵ S2ϵ S3 and so on. This gives 

the grassmannians to follow a sub variety of a certain kind. This sub variety in the extended form further gives an extension to 

the Schubert type of variety after having an intersection of a set with that of an embedded intersection. This gives the clear idea 

of the singularized algebraic structure embedded into an arrangement known as the Ka which is also named as the Kunneth 

graphs Kg. The visualization of the Schubert variety gives a channel to our satisfactory conclusion of the desired algebraic 

formation which was considered in the cohomology space to have a structure which can be localized and also projected into the 

real space. This gives the understanding of the localization of the desired algebraic structure in the cohomology space.We 

further will see the projection of this structure in the real planes which is similar to the concept of cohomology localization of 

the algebraic structure in the real spaces. Further these results will also focus on the part of investigating the previously identified 

Kunneth graph Kg which is a structural observation of the Kunneth arrangement Ka. 

III. CONCLUSION 

The justification given in the above manner gives a clear idea that proofs of many such mathematical concepts can also be 

manifested with the philosophical aspect of epistemology unlike the method of axiology that was used as a fundamental tool 

for magnifying the depth of understanding involved with a certain mathematical concept. Hence, Epistemology holds an 

important position as a tool to justify and quantify the understanding of a certain mathematical concept and also forms new 

prospects to analyze other such mathematical concepts to be also justified in the similar manner. 
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