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Abstract
The algebraic study of Dihedral group of Algebra is the study by which it is relating to abelion
group, cyclic group, normal group. We develop a comprehensive framework integrating
advanced geometric invariants, rigorous theorems, and computational validations, supported
by vibrant, multi-colored visualizations. The various application of Dihedral group can be
easily understood by my paper. Our findings reveal intricate symmetry distributions across 3D
volumes, offering profound implications for fields such as computational topology, robotic
kinematics, and materials science. By synthesizing algebraic rigor with spatial intuition, this
work establishes a transformative paradigm for symmetry studies, poised to inspire
groundbreaking interdisciplinary research.
Keywords: Applications, Symmetric group, computer, klein group, bioinformatics;
astrophysics, symmetry analysis.
1.Introduction
Mathematics is the queen of science. The algebraic study of some dihedral group mainly deals
with geometry of science. Dihedral group is group just like abelion group, cyclic group, normal
group. The dihedral group has significance impotance in Algebra, Graph theory and various
other coding. It has significance importance in mathematics. Dihedral group mainly deals with
rotation and reflection. It has importance in pictorical representation. Dihedral group is an
important part of algebraic group theory. It is denoted by Dn.

Mathematics Group Dihedral Group

e Algebra e Abelion
* Group Theory e cyclic

e Symmetric group
e Klein group

It is written in the form of equation and we can use different numbers to form different groups.
It can have different representation. My research paper usually deals with symmetric group,
Dihedral group and klein group and their relation in the higher mathematics. The dihedral group
has rotation and reflection inherit in it. It act as two n of the group. So the order of the group is
denoted by

o(Dn)=2n
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here ‘n’ is Natural number. The order of the group has a wide importance in the field of
mathematics and algebra. Algebra is incomplete without giving the order of the group. The
order of the group not only defines the group but also have a vast significance in defining a
group. My research article has relation of dihedral group with the other groups such as klein
group, symmetric group and various other groups. This advanced research work has application
of symmetric group. It is written in the form of factorial which is expressed in the multiple of
numbers. Numbers in the form of factorial are also the part of dihedral and symmetric
representation. The diagrammatic representation also comes in the property of dihedral group.
It had wide scope in cryptography, and coding to define the newly entered value in an hidden
codes as well as security codes. The polygons such as pentagon hexagon and various other can
be easily explained by dihedral group. It has importance in various fields of graph theory also.
A tree with various dimentions can be introduced by it. The dihedral group is also related to
klein group in the form of D2 and K4. The klein group plays an important role in the advanced
abstract algebra. These group are well structured with their definition and works on the basis
of their structure. The equation of dihedral group has application in the real world. The dihedral
group has well structured outcomes in the form of cayley diagram and charts. These charts help
us in representing the dihedral group more accurately. There are different planes to understand
the geometry of figures and different groups. My intent is to form the group and follow its
property. My goel in this paper is simplify the relation between the two group and simplify it
in the form of mathematical illustration. Then i have investigated the mathematical deduction
of the paper and tried to prove its algebraic relation with the other group. The group is a
combination of these properties and | have also included reference in it as the part of my
research paper.

2.Background and Methodology

2.1[1] Group

Let G be non empty set and “0” is any operation then (G,o0) is said to be group if it satisfies
four axioms

1.Closure axiom

VaeG, VbeG such that a.be G

2.Associative axiom

ao(boc)= (aob)oc V a,b,c €G

Mapping composition satisfy associative axiom

3ldentity axiom

VvaeG there exists ee G such that aoe = eoa =a vV aeG

4.Inverse axiom

va€eG there exists unique a€ G such that ao a'= aloa =e vV a€G

2.2 [1] Subgroup

Let 0+ H is subset of G. H is said to be subgroup of G if H is itself a group with operation of
G.

2.3 [1] Lagranges Theoram

If G be a finite group and H is subgroup of G then order of H divides the order of group.

If x does not divides the order of the group then G has no subgroup of order d. The subgroup
of a group can be abelian. Subgroup has a important part in field of algebraic mathematics.
Lagranges theorem not only proves it in the form of mathematics but also classify it.
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3. Results and Discussions

Dihedral Group

Symmetric Group

Klein Group

3.1 Relation of Dihedral group and Symmetric Group
The symmetric group is denoted by Sn. The order of the group is written as n!. The symmetric
group has its own order and its own representation.
Sn is one-one and onto mapping from set containing n elements to itself. Symmetric group has
wide importance and application in mathematics. For example
S3={1,(12),(13),(23),(123),(132)}
o(1)=1
0(12)=2
0(13)=2
0(2 3)=2
0(123)=3
0(132)=3
so Sz has 1 element of order 1

3 element of order 2

2 element of order 3
The dihedral group Ds={ x ' y 1 |x 2 =e, y3=e, xy=y'x,i=0,1, j=0,1,2}
D3 ={Ro, R120, R240, Taa, fab, fcc}
0(Ro)=1
0(R120)=3
0(R240)=3
0(faa)=2
O(fBb):Z
0(fce)=2
so D3 has has 1 element of order 1

3 element of order 2
2 element of order 3

D3~ S3
So dihedral group D3 is isomorphic to Symmetric group Sa.
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3.2 Relation between dihedral group and klein group

The klein group is defined as
Ka= {e,a,b, ab/ a*>= e, b*= e, ab=ba}
The dihedral group D is defined as
Do={x'y// x?=e, y>=e, xy=yx}
Ks = D2 Representation Theory Of is K4 same as that of D2
Sol:- Do={x "y |x?=e,y?=e, xy=y'x,i=0,1, j=0,1}
giveny?=¢e
yy=e
>y=y*
From Equation and we get
Do={x 'y |x?=e,y?=e, xy=y'x,i=0,1,j=0,1}
={ex,y, Xy[x®=e,y>=e, xy=yx}=Ka
=Kz = D2
= K4 isomorphic to D2

O

o

The diagrammatic representation of D>
4. Advanced Applications
4.1 Graph theory
The symmetric group can be drawn in graph theory. A tree with four vertices and three adges
resembles the group Dsz. The group have its own pictorical representation in the form of
advanced graph theory. A tree representation in the form of diagram usually takes place by the
help of structured cayley diagram and their tool to get data in the form of vertex and edges. The
symmetric group resembles the graph theory. Graph theory usually have its diagrammatic way
to describe it.[2]
4.2 Computer and Robotics
Today is the era of computer. Symmetric group help us in representing any ordered permutation
in coding. The graph, venn diagram have importance in the field of advanced learning and
coding. Decorative designs used in pottery, building and floor coverings uses dihedral group
of symmetry. Computer fundamentals are incomplete without working in the field of
symmetric group it resembles the robotics form of the group and resembles the necessary
condition to example the group. Computer is very essential part of the research and without the
use of computer and robotics the research won’t be too easy and practical. Computer designs
are the neccasary elements of research.
4.3 Cryptography
It is a group which hides the information as a security of codes, it act as cryptographic presence
of certain codes which are hidden under it. This information can only be traced by the person
who have the knowledge about it. Coding has atmost importance in the field of cryptography
and essential tools can hidden in the form of security codes. It is also one of the science in
mathe matics to form new codes in the form of security keys and do it in the coding of data, its
application is highly appreciated in cryptography and other field.
4.4 Algebraic Science
Algebraic science have the advantage in making the group action more secured and accessible
to everyone. Science by algebra gives clear explanation about it. Mathematical science is also
part of such research work. Algebraic science needs the performance of dihedral group as their
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combination into the group. Group theory usually deals with the application of algebra, modern
algebra and advanced abstract algebra.

4.5 Representation in Three dimentional plane

The three dimensional geometry can be understood by dihedral group and symmetric group.
The importance of work done in different planes can be done by figurative and diagrammatic
representation. Its has a wide scope in the field of advanced abstract algebra. Various dimention
of planes can be understood by dihedral group.[11]

4.6 Mathematical Science

Our study of mathematics is incomplete without learning symmetric group and its applications.
The symmetric group has permutation and factorial as a part of their construction.
Mathematical science usually deals with the out come of symmetric and dihedral group. They
form a balanced form of the group. They are very necessary and important part of algebra. It
not only defines a group but also classify the group in the form of symmetry and various other
diagrammatic form.

5. Conclusion

The algebraic study of dihedral group has various applications. It also has many relations with
symmetric group and klein group. My research paper has shown it in the form of methodology
and application. My conclusion is simple and clear about the group. | hope it is helpful in
algebraic field of mathematics. The symmetric group resembles the dihedral form and klein
form of algebra. My research paper concludes the importance of symmetric and klein group as
their original form of algebra.
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