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Abstract. In this paper, we define a knot matrix from knoagliam and derive an
algorithm for knot matrix. Also, we define a signaddition modulo 2, which satisfied
knotable matrix.
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1. Introduction

Brauer[1] introduced algebras, known as Brauer’s algebnaspinnection with the issue
of decay of a tensor item representation into wodnle ones. These algebras have a basis
consisting of undirected graphs. Wenzl [2] obtaitiesl structure of these algebtzgs, ;

by making use of conditional expectations and byiratuctive procedure from the
structure ofD,_, and D). Parvathi and Kamar{§] introduced signed Brauer’s algebra,
which has a basis consisting of signed diagramamataj and Mangayarkarasi [4]
introduced knot diagrams using Brauer graphs withawizontal edges and also used
two types of knots only. Kamaraj and Selvaraniiffijoduced knot in Z*. Kamaraj and
Selvarani [6] introduced an edge crossable matrinrder nxn. We are motivated to
introduce a nxn matrices in {0,1,-1}. We call themot matrix.

2. Preliminaries

2.1. Brauer’s algebras

Definition 1.1.1. [1, 2]A graph has 2n vertices and n edges, the 2n verdiee arranged
in two lines of n vertices each point has exaotie degree. The collection of all this

type of diagrams is called Brauer diagram (or) Brauer graph. It is denoted byD .

Example 1.1.2.
Figure 1.

253



R. Selvarani
Definition 1.1.3. [1,2]Let D, be a Brauer diagram. L& 1,D,» be two diagrams of
Dp.
Then the composition dDy; o D5 is defined as
(). Dpy is arranged in the upper diagram.
(i). Dpo is arranged in the lower diagram.
(iii). Lower points of Dy is joined to the corresponding upper pointdif,

(iv). Remove the cycles after the joining
(v). we get the new diagram. It is denotedDyy; o D,

The multiplication ofD 1 and D,»is defined by setting
DD =8"0:22) D oDy

Remark 1.1.4. n(Dnl, Dnz)means that number of removing the closed cycles in
DnanZ.

Definition 1.1.5. [1,2] Let F be field withdJF. The Brauer algebraD,(5)is an
associativeF-algebra with a linear basis which consists of Bithuer elements of
diagrams.

Result 1.1.6 The dimension oD, (6): (2n-1)(2n-3)...3.1

1.2. Signed Brauer’'s Algebras
Definition 1.2.1. A Brauer graph which has directions is callesigned Brauer graph

It is denoted byﬁn.

Example 1.2.2.n 53
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Figure 2:

Remark 1.2.3.An edge havingl is called a positive vertical edge. An edge hgvin
is called a positive horizontal edge . A positiverizontal edge (or)vertical edge is

called positive sign. An edge havirtg is called a negative vertical edge. An edge
having — is called a negative horizontal edge. A negdtiegzontal edge (or)negative
vertical edge is called negative sign.
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1.3. Knot graph [4]
Definition 1.3.1. LetS, be the symmetric group of order n andrtétS,,. Thenn can
be represented as a graph which is an elementanieBigraph. LEE(T[) denote the set of
all edges in the graph representatiomofWe use the symbal; to represent the edges
(i,mi)),0i=22--,n
LetE(m) ={e; = (i, (i)} i = 12,..n}
A is denoted ad\ ;< E(T[)X E(T[) where
AT[ :{aij = (ei, Ej)i i< j,ei ,E‘j O E(T[)}
A can be written a{;all a2 @13,--84n, 822 823,824,--82n--8n-1n, ann}

By ={bjj = aj DA : (i) > n(j)f

Definition 1.3.2. Let §, be the symmetric group of order n and S,. A knot graph of

order n is a special graph which is defined froms follows:T1 can be represented by a
graph, which is an element of Brauer graph.

@) Ifi<jand T[(I) < T[(j),then the edges are drawn in usual Brauer graph.

1 > ; i 1

& & ss8 @ L & sss &

® ® s ® s @ s @

1 2 1) (i) fn
Figure 3:

(i) If i <jandn(i)>mn(j),thenthe edges are drawn in two cases as showw belo
In case 1(i, i) is the higher edge af§Ty(j)) is the lower edge. It can also be said
that the edgdj, 7(j)) is lower than the edgéi,n(i ))

1 2 n
L ] eee & L see &
[ 1 s @ . s w 9 s e @
1 2 1) 1) n

Figure 4:

In case 2, the eddg, 1j))is higher thafi, i) or elsdi, i) is lower thar{j, 7i(j))
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1 2 i i

1 2 E8).

Figure 5:

The above graph is called a knot graph of order n.

Definition 1.3.3.A knot mappind; : A - {-1,0,1}
0 if i) <))

fn(ei ,ej): 1 if n{j)>mi) &e ishigherthane;
-1 if {j)>m(i) & ¢ islowerthane;

Definition 1.3.4. |BT[| is called the number of knot T
Result 1.3.5.The number of knot mapping Ofis Z‘B”‘

Example 1.3.6.The number of knot graph 8%
Let T4, T DSZ

1 2
. .
T[l =
. .
1 2
Figure 6:
Bry|=0
‘an‘ =1, therefore the number of knot o, is 2* =2
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1 2 1 2
. . .
TI:E =
. ] 3 ] ]
1 2 1 2
Figure 7:

Therefore the number of knot graph $f

1 2 1 2 1 2

. . . . .

[ ] L] L] L] | [ ]

1 2 1 2 1 2
Figure 8:

1.4. Generalized Knot symmetric algebras in Z*[5]
Sp= {(51 ’52""Sﬁ) 'S = (],—1)k (or)(— ],1)I }where k and | are integers
Definition 1.4.1.If (sl ,sz,---sB)DST[, thens; is calledknots in 1.

Definition 1.4.2.1f 5; = (l, —1)k , thens; is calledType | knots in 1.

Definition 1.4.3.1f 5; = (—:Ll)I , thens; is calledType Il knots in 7.

Definition 1.4.4.If s; = (:L—l)k (or)(—il,l)I andk =1(or) | =1, thens; is calledknot
in T.

1.5. Edge crossing matrix [6]
Definition 1.5.1.1f i <jand 1(i) > T[(J) , then g crosse®; .

Otherwise, we say thef does not cross;.

Definition 1.5.2. f ;: A - {0,1} is defined as
0, if & doesnotcrosse;
frlay )=

_ ; wherenJS,
1 if € crosse®;
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Definition 1.5.3.M yis defined as
Mpy= (fn(aij ))i,j: 12 nUS,; Mis called aredge crossing matrix

6. Knot matrix
6.1.1. Types of Knots

Let mE S, anda, =(e|,ej)
Casel: f(a;)= 0

Case 2: .
1 ]
L L]
L [ ]
i) ()
Figure 8:

If f(aij ) = +1 is called &Positive Knotin T

Example 6.1.2Positive Knot inTi
i ]

() (i)

Figure 9:

Case 3if f (aij ): -1 is called @Negative Knotin Tl
Example 6.1.3Negative Knoin T
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7(j) i)
Figure 10:

6.1.2. Knot mapping
Define f:A, - {O+1-1} such that

0 noknot betweere; and e;
f(a) =1+1 ejis upperthane;(ie,Positive knot)
-1 ejis upperthan e;(ie.Negativeknot)

6.1.3. Knot matrix
Letr € 5,

i f = -
Define Mn [ﬁ?(a”j)f,}':LE...n
Definition 6.1.4.

P(e) ={ej: g isupperthene;}

|p(e;)| is called numberof positiveknotof e;

Definition 6.1.5.
N(e) ={ej: g islowerthene;}

IN(ej)| is called numberof negativeknotof e;

Properties 6.1.6.

Sum of positive values of"fow = No of positive knot ofe

Sum of Negative values of'¢olumn = No of negative knot of e
Knot matrix is a Skew Symmetric.

Det(A) = 0.

Sum of the trace value is zero.

All the eigen values are zero.

YVVVYVYY
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Example 6.1.7.
1 2 3
1 2 3

Figure 11:

In S, E(m) = {(13)(1,2)}
An=E(n)xE(m)
A

= {(ej_r eljr (elrezjr (ej_r eajr (ezrej_jr (ezrezjr (ezreﬂjr (earelj! (eﬂr E:j, (eﬂreaj}
0 +1 +1
M_=1-1 0 0
-1 0 0
6.1.8. Algorithm to derive a Knot matrix from a given knot diagram
LetA, = [ai}-); 7 is a knot diagram.
1. Seti<1, j«<1
+1 if g isupperthane,
2. If i=j, a; < 0;otherwiseaj =4-1if g islowerthane,
0 if noknotbetweerg ande;

3. If j=n,je<j+landgotostepto2;if =n, then i «—i+1, j«1

and
go to step 2; Otherwise go to step 4.
4. Stop.

Definition 6.1.9.1f M : 0SS, be a square matrix, thevl ; is called a Knotable
matrix

Remark 6.1.10. Any Skew Symmetric in {0, +1, -1} is Knotable Midr

Result 61.11.
(DThe addition of two knotable matrix need notlmetable matrix.
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Example 61.12.

0o 0 1 0 o 1 0 o 2
o 0 of|+| 0 0 1})=| 0 0 1
-1 0 O -1 -1 0 -2 -1 0
(i)The product of two knotable matrix need notkoetable matrix.
0o 0 1 0 o 1 -1 -1 0
o o0 O 0 0 1|=10 0 0
-1 0 0/ »v1 —1 0 0 o -1
6.2. Signed addition modulo 2

We define a binary operation * called as signeditaxh modulo 2 on {0, -1, 1} as
follows.

* 0 1 -1
0 0 1 -1
1 1 0 0
-1 -1 0 0

Definition 6.2.1.
If 4=/(a;) ., andB = (b;;) . then defined = B = (ci;) .+ Where
nAn nAn nAn

Cij = @y ¥ bi}.

Definition 6.2.2. Let A=(a;;) UMz, B=(bj) UM, C=(cj) = AUBUM 5,

Remark 6.2.3.
If a,be{0,—11% a+b; a+0 andb= 0thena = —b.

Theorem6.2.4.1f A and B is a knotable Matrix then A*B is aladknotable Matrix.
Pr oof:
Clam1l: ¢, =0
By definition C,;, = a;; = b;;
= 0(since A and B akew symmetric matrix)
Clam2: C; +C; =0

It is enough to prove thai;; = b;; + a;; * b;; = 0

Case 1.

a;; = bi}- =0

a;; ¥ bz’_;u' =a,; ¥ a; = Q
Similarly

q,}.i. £ b}.i = g}.i £ g}.i =0
That is

f;[,i.}. % bi}. + ﬂ’_;u'z' & b}.i = 0+0=0
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Case 2:

a; # bi}- &a;+0 & b:-}- =0
By remark2

ﬂ_i}. = —bi}.

a;; ¥ bz’_;u' =a; ¥ [—gi}.j =0
Similarly

.. % b}.i =a; ¥ (_ﬂ’}'ij =0
That is

a;; ¥ bi}. + a;; ¥ b}.i = 0+0=0

Case 3:
a;; = bi}- Saa:z-}- =0 & bi-}- =0

ﬂ'i_;l' £ bi}. = a’i_;l' =0 = ﬂ’E_;I'
Similarly

el *%E=c%*ﬂ==qﬁ
That is

a;;

¥ bi}. + aj; ¥ b}.i = a;; ¥ a; = O

Case 4:

aﬁ:#bU-Sa%j==ﬂ &Eh:#ﬂ

The proof is similar to the previous case.
Hence A* B is knotable matrix.

Result 6.2.5.Signed addition modulo 2 is a knotable matrix.

1.

2.

3.
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