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ABSTRACT. For a coloring set B C Zy, by considering the Fox m-coloring of
any knot K and using the knot semigroup Kg, we show that the set B is
actually the same with the set C in the alternating sum semigroup AS(Zy,, C).
Then, by adapting some results on Fox n-colorings to AS(Zn, B), we obtain
some new results over this semigroup. In addition, we present the existence of
different homomorphisms (or different isomorphisms in some cases) between
the semigroups Kg and AS(Zy, B), and then obtained the number of homo-
morphisms is in fact a knot invariant. Moreover, for different knots K1 and
K2, we establish one can obtain a homomorphism or an isomorphism from the
different knot semigroups Ké and Kg to the same alternating sum semigroup
AS(Zn, B).

1. INTRODUCTION

It is known that the knots are equalivance classes of topological inclusions from
S! to S? under ambient isotopes which these isotopes give the smooth deformations
between two knots. We may refer the classical book [8] for the details in knot
theory. In here, we will mainly give our interest to Torus knots and Pretzel links
during the construction of our theories.

As indicated in [7], the fundamental quandle of a knot was defined in a similar
manner to the fundamental group of a knot, which made quandles are important
tools in knot theory. The number of homomorphisms from the fundamental quandle
to a fixed finite quandle has an interpretation as colorings of knot diagrams by
quandle elements, and has been widely used as a knot invariant. Furthermore
involutary quandles are defined on a single binary operation ([10]). In detail, they
are the algebraic way to represent the Reidemeister movements ([1]) and so they are
important to obtain new knot invariants and also important to investigate knots.
On the other hand, Fox n-colorings are actually the best known involutary quandles.
These colorings will be briefly indicated in coming next subsection, and also one
part of the main result will be constructed the base on this subject (see Theorem
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2.1 in below). In fact the other whole main theorems (which are about Pretzel links
and Torus knots) given in this paper can be thought as consequences of Theorem
2.1.
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FIGURE 1.

Let P(p1,p2, -+ ,pn) be an n-Pretzel link S® in where p; € Z represents the
number of half twists (or, we can call it as regions) as depicted in Figure 1. If
n = 3, then it is called a classical pretzel link P(p,q,r). If n is odd, then an
n-Pretzel link P(p1,ps,...,pn) is a knot if and only if none of two p;’s are even.
If n is even, then P(p1,pa,...,pn) is a knot if and only if only one of the p;’s is
even. Generally the number of even p;’s is the number of components unless p;’s
are all odd. On the other hand, Torus knots are identified by the number of times
the strand wraps around the torus meridionally and longitudinally. We speak of a
Torus knot T}, ,, where p and g are relatively prime; when p and g are not relatively
prime, we obtain a link of two or more components ([15]).

=

Let K be an oriented knot (or link) with n crossings. Label those crossings
by 1,2,--- ,n and label the n arcs by aj,as, - ,a,. Construct an n X n matrix
M such that each row r corresponds to the crossing labeled by again r and each
column s corresponds to the arc labeled by again s. Suppose that at crossing r the
over-passing arc is labeled a;, that the arc a; ends at crossing r, and that the arc
ay, begins at crossing r. Suppose also that ¢, j and k are mutually distinct. Assume
also that crossing r is positive. Then, for a real number ¢, the entries will be the
formed as M(r,i) = 1 —t, M(r,j) = —1 and M(r,k) = t. When crossing r is
negative, then M (r,i) =1—1t, M(r,j) =t, M(r, k) = —1 and other elements of M
are zero.

The Alexander matrix A is defined as to be the matrix obtained from the matrix
M by deleting row n and column n. It is also known that the Alexander polynomial
Ak(t) of a knot K is the determinant of it’s Alexander matrix (see, for instance,
[2, 11]), and the Alexander polynomial at ¢ = —1 (and then taking absolute value)
defines the determinant of a knot K. We recall that the Alexander polynomial is
the first invariant polynomial defined on knots. The invariant property of these
polynomials of the knots that belongs to the same equivalence classes are the same.
We note that while the Alexander polynomials of a Torus T}, (cf. [15]) and a
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Pretzel link P(p,q,r) (cf. [19]) are
(1= 1)(t - 1)

(t) = @-Dei=) and

1
Appar(®) == [pg+pr+qr)t -2+t +(t+2+t71)],

4
respectively, the determinants of them are calculated by
(11) ATp,2(_1) =p and AP(p,q,?")(_]') = Dp9q +p7"+qr,

and respectively.

1.1. Quandles and Fox n-Coloring. For any set @, by defining two binary op-
erations z >y and x>~ 1 y which satisfy (z>y)>~!y = x, one can obtain a quandle
over Q. If only (z>y) >y = = holds, then it is named as involutory quandle. On
the other hand, the other important quandle is the named as Alexander quandle
which consists of a quandle with a left action given by a>b = ta + (1 — ¢)b. The
importance of Alexander quandle comes from the fact that it is another way the
computation of Alexander polynomials. On the other hand, if we take t = —1 in an
Alexander quandle, then we get the dihedral quandle. The dihedral quandles are
placed into knot colorings (in some sources, authors use the term Fox mn-coloring).
We may refer, for instance, [4, 5, 6, 7, 9, 10, 14] for more details on quandles, color-
ings and some other well known types. In this paper, we will apply Fox n-coloring
to the knots in terms of dihedral quandles by following the fact that they are knot
invariant and very useful for the characterization of a knot.

At this point let us briefly indicate the meaning of Fox n-coloring. For a knot
K and a diagram D of K, let A be the set of arcs in D. Now let us matching (not
necessarily one to one) the elements of A by the elements of Z,. Also, for each
matching, let us consider the equivalence

(1.2) a>b=c=—a+2b(mod n) such that n > 2

such that a and ¢ represent the numerical values in Z, for the bottom arcs, re-
spectively, while b represents the numerical value in Z,, for the upper arc. After
all, if whole equivalences satisfy up to Z, then we say that the knot K is named
as Fox n-colorable (or shortly n-colorable). The subject Fox n-coloring is actually
correspondent to the involutory quandle ([10]). In here, we strongly note that since
the matrix obtained by deleting the last row and column of the coefficient matrix
of n-coloring equations and the matrix obtained by replacing ¢ = —1 in Alexander
matrix of K are the same, we get that the positive integer n is the determinant of
K itself (in other words n = Ak (—1)) or it is a positive integer that divides this
determinant (in other words n | Ag(—1)).

Now let us denote the number of colorings of K in terms of the quandle @ by
Colg(K). Then we have the following lemma.

Lemma 1.1 ([7]). The quandle @ distinguishes knots K and K’ if Colg(K) #
Colg(K").

1.2. Semigroups Kg and AS(G, B). Recently, it has been defined a new semi-
group under the name of knot semigroups and denoted by Kg (cf. [18]). The
elements of Kg are the arcs of the knot K and the relations are every crossings on
K. In fact for a single crossing as in Figure 2, we have two relations ry = yz and
zy = yx, where x,y and z are the generators.
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FIGURE 2. Two relations 2y = yz and zy = yx obtained from a single crossing

There are some immediate examples that can be given. Firstly, since the un-
knot (or, equivalently, a circle), notated by 01, contains a unique arc without any
crossing, then the knot semigroup of unknot is actually a free semigroup with a
single generator which can be expressed as Kg(,) = (x; ). Second example can be
given on torus knots T}, ,, where p and ¢ are relatively prime; when p and ¢ are not
relatively prime we obtain a link of two or more components. By taking ¢ = 2, we
obtain the torus knot semigroups

KSTPQ = < ap, a1, a2, "'7a/p71 ; o1 = aiaz, ajaz = azas, - -- , a/p72a/p71 = a/pfla07
aglp—1 = Ap—1Qp—2, Gp—10p—2 = Ap—20p—3,
(13) s, G201 = 109 > .
The diagram for the torus knot semigroup
KST3’2 = <$,y,Z XY =Yz, Y =Yr, Yyr = rz, 2xr =Y, T2 = 2Y, Yz = Z$>

is drawn in Figure 3.

FIGURE 3. The diagram of the knot semigroup KsT, , and its presentation

In the following, we will give our attention to important terminologies, namely
alternating sum and alternating sum semigroups, for the knot semigroups. The
details and some properties on them can be found in [18].

Definition 1.2 ([18]). Let G be a group as the form of either Z,, or Z, and let
B C G. For any positive word bybabs - - - b € BT, the alternating sum of this word
is the value of the expression

by — by +b3--- (—1)k+1bk

that is calculated in G. Further, any such two words u,v € BT are in relation ~ if
and only if the length of u is equal to the length of v and the alternating sum of u
is equal to the alternating sum of v.

Moreover since the relation ~ is a congruence on the set BT, we then get a factor
semigroup Bt/ ~. Let us denote it shortly by AS(G, B) and call it an alternating
sum semigroup.
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Another version of the alternating sum semigroup has also been defined in [18]
under the name of strong alternating sum semigroups which will not be needed in
this paper.

Since one of our main aim is to obtain a homomorphism (or an isomorphism in
some special cases) between knot semigroups and alternating sum semigroups, in
the following we will give some fundamental facts about it.

Suppose that AT /k is a knot semigroup, where A is the set of arcs and « is the
cancellative congruence on the free semigroup A+ induced by the defining relations
of the knot semigroup. Also similarly as above, let ~ be a congruence on B*, where
B is an alphabet of the same size as A. To obtain an isomorphism between AT /x
and BT/ ~, the following lemma is useful.

Lemma 1.3 ([18]). Let us consider a bijection ¢ : A — B that in fact induces an
isomorphism ¢ : AT — Bt. Consider a congruence x on A% and a congruence ~
on BT such that for each u,v € A%, if ukv then ¢(u) ~ ¢(v). Then ¢ induces not
only a mapping but also a homomorphism v : AY /k — BT/ ~. Additionally let us
suppose that there exists a subset, namely set of canonical words, of BT such that
in each class of ~ there is exactly one canonical word and at least one word of each
class of k is mapped by ¢ to a canonical word. Then 1 is actually an isomorphism.

By considering Lemma 1.3, it has been proved the following theory in [18].

Proposition 1 ([18]). The knot semigroup Ksr, , of the torus knot diagram T}, »
(where p is odd) is isomorphic to the alternating sum semigroup AS(Z,,Z,).

In this paper, it will be detailed this isomorphism defined in Proposition 1 up to
decomposition of p. More clearly, we will say that the set B is changed depends on
the value of p or the label corresponding an arc on the diagram of the torus. (See
Theorem 2.12, Corollary 3 below).

2. MAIN RESULTS

Under this section, we will present our main theorems to reach the aim of this
paper.

2.1. Connection Fox n-Coloring and Alternating Sum Semigroup. In this
first result section, by comparing the Fox n-Coloring which is used for coloring of
knots and the alternating sum semigroup, we will get the number of homomorphism
from first to second, and also solve a conjecture given in [18, Conjecture 24]. In
fact our approximation solve a more general case.

Theorem 2.1. Let C be a set for using n-coloring of the knot K. Then there
exists a homomorphism' from the knot semigroup Kg of K to the alternating sum
semigroup AS(G,C), where the set G is actually Z,, that is used for n-coloring. In
fact the reverse part is also valid.

Proof. By the meaning of Fox n-coloring, each arc in the knot was matched with
an element of Z,, and the values obtained after each matching had to be satisfied
Equation (1.2) which was written for each crossing of the knot. On the other hand,
the relations of the knot semigroup Kg are the relations of the form zy = yz and

IWe should note that when we define such a homomorphism, we assume that the numerical
value of each arc in the knot diagram and the values of these arcs in the semigroup AS(Zy,C)
are equal.
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zy = yx that were written for each crossing. It is easy to see that if we carry these
relations to any alternating sum semigroup AS(G,C) such that C C G, then they
become the form of x —y =y — z and z — y = y — x since the subset C' contains
the relations that satisfy the equations x —y =y — 2, z —y =y — « in AS(G,C).
Now let us rewrite the equation given in (1.2) as ¢—b = b—a(mod n), and let us
renamed the values a,b and c as z,y and z, respectively. Also take G = Z,,. Then
the elements used in Fox n-coloring and the elements of B become same. According

to the above replacements and equations, since t—y =y—z = —(2—y) = —(y—x),
it will enough to obtain the values that satisfy the equation either x —y =y — z or
z—Yy=yY—2x. (I

Example 2.2. For a Torus knot T3, since the determinant Az, ,(—1) = 3 by
Equation (1.1), the knot T3 2 can be colored in terms of G = Z3. Further, since the
number of colors is 9, it can be defined 9 different homomorphisms from Kgr, , to
AS(Z3,C). Additionally the total number of the set C' using the coloring of T5 o is
4 which are defined as

C:{0}7 C:{l}v CZ{2}a 02{0’172}

By considering these sets, the 9 homomorphisms defined from Kgr, , to AS(Z3,C)
are as presented in Table 2.2. We strictly note that 6 of among these 9 homomor-
phisms are actually isomorphisms. As a result of this, one can easily say that the
homomorphisms defined from Kgr,, to AS(Zs3,C) are not unique.

Homomorphism
O1 | P2 | P3| Q| D5 | P6 | P7 | Ps | P9
-fé x|0 [1 (2 |0 |O |1 |1 |2 |2
GE’ ylO0O (1 |2 |1 |2 |0 |2 |0 |1
Sz |0 |1 2 (2 |1 2 |0 |1 JO
==

The first consequence of Theorem 2.1 is the following.

Corollary 1. For the value t in the homomorph semigroup AS(Z., B) of Kg, we
have either t = Ag(—1) ort| Ag(—1).

Proof. According to Theorem 2.1, the knot K can be colored in terms of the subset
B in the semigroup AS(Z:, B). However it is well known that to a knot K be
colored by modulo n, the value n must satisfy n = Ag(—1) or n | Ag(—1). Thus
it is seen that ¢ = n or ¢ | n which implies that t = Ag(—1) or t | Ag(—1). O

Depends on the above corollary, if a knot K can be colored by modulo ¢ then it
can be colored by modulo kt as well. In fact the importance of this theory for us is
the values of ¢ which satisfies t < Ag(—1).

The following lemma is important for the characterization of a knot.

Proposition 2 ([3]). If a knot can be colored by modulo n > 2, then it cannot be
deformed to an unknotted curve.

Now by considering Corollary 1 and Proposition 2 together, one can decide
whether a knot can be deformed to an unknot via homomorphisms.
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Corollary 2. If there exists a homomorphism from the knot semigroup Kg of a
knot K to any alternating sum semigroup AS(G, B), then K cannot be deformed to
an unknot. In here, Ks and AS(G, B) are different than Kg,) and N, respectively.

Proof. Assume that such a homomorphism exists with the certain rule of not every
element of Kg mapped to a single element in AS(G, B). Under this rule, since the
images of all values are same then the knot is colored by a unique color obviously.
On the other hand, by Theorem 2.1, the subset B can be used for Fox n-coloring
as well. Then, by Proposition 2, K cannot be unknot, as required.

Note that, since Kg(o,) is actually an unknot (circle), the homomorphism Kgo,) —
N obviously cannot imply a deformation as required.

In [18, Conjecture 24], it has been recently stated that a knot diagram has the
knot semigroup isomorphic to N if and only if it is a diagram of the trivial knot. In
the following, by considering a splittable knot, we present a more effective situation.

Lemma 2.3 ([16]). If a link is splittable then it can be colored by modulo n > 2.

Therefore we have the following result which has a direct proof by Lemma 2.3
and Theorem 2.1.

Theorem 2.4. Suppose K is a splittable knot. Then one can define a non-trivial
homomorphism from the knot semigroup Kg to the alternating sum semigroup
AS(Z,, B).

2.2. Results on the links P(u,m,1), P(—u,—u,—u) and T, . In this section,
by obtaining knot semigroups of some special Pretzel and Torus links, we will
formulate how one can establish the elements of the alternating sum semigroups
AS(G, B) that are homomorph of the knot semigroups of these links. Moreover,
depends on these formulas, we will give another formulate concerning about the
number of homomorphisms from the knot semigroups of these links to the related
semigroups AS(G, B).

Unless stated otherwise throughout this section n,m,p € ZT.

First of all, we should note that the diagram of the Pretzel link P(u, ug,u3) can
be drawn as in Figure 4 according to the famous book [12]. Thus, by considering
the crossing as indicated in Section 1.2 over the diagram in Figure 4, we obtain the
following lemma. In fact the proof of it will be omitted since it is basically based
on the idea in Section 1.2.

Lemma 2.5. The knot semigroup for the Pretzel link P(u1,us2,us) is defined as

Ksp(uyus,us) = (A5 R), where A = {ag,a1,a2," -+, Guy yustus—1} and the relation
set R s
(2.1)
From regions uy : Qg +10yq = Qyyy Aoy —1 = *** = Q100 ,
g1 = G102 = Ay —10y; = Qyq Quq+1
From regions ua : Auy Quy+2 = Quy+20u;+3 = *° = A0Qu;+us+1
Qyy +us+140 = A0Ayq4uy = * " = Qg 430y +2 = Ay 420y,
From regions us : Qg +201 +1 = Ay +10yq+ug+2 = *°° = Qyq+us+101

A10u;+us+1 = Quitus+10u;+ustuz—1 = " = Quy+10yu; +2 -
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uy +1 u, +2

a,u] MA u]+u2 +2

P(Ul, 2’ )

FIGURE 4. The diagram for the Pretzel link P(u1,us,us).

Although Lemma 2.5 will not be directly needed in our theories, it will be used
as an adaption to the cases P(u,m,1) and P(—u, —u,—u) in below. By replacing
the link P(u1,usg,us) to the link P(u,m, 1), the first related result is obtained as
in the following.

Theorem 2.6. The knot semigroup Kgp(u,m,1) of the Pretzel Link P(u,m,1) is
homomorphic to the semigroup AS(Z., B), where

(2.2)

B={zo+rk; r=0,1,2,-- ju+1}U{xo+[s(u+1)—1]k; s=2,3,4,--- ,m}

such that xo, k € Z; are arbitrary elements and
(2.3) either t=(m+1)(u+1)—1 or t|(m+1)(u+1)—1.

Remark 2.7. The set B in (2.2) is the same set with C' in Fox n-coloring (used
in Theorem 2.1), and the number ¢ in (2.3) is giving the number n in the Fox
n-colorings. These correspondents are also valid for Theorems 2.9 and 2.12.

Proof. By Lemma 2.5, it is clear that the generating set is given as A = {ag, a1, as, . . .

On the other hand, by considering the diagram in Figure 5 and then replacing the
equations in (2.1) to the case P(u,m,1), the relation set R can be obtained as in

Eq. (2.4) below.
/\ /\m 4

. u+m

KK

FIGURE 5. Diagram for the Pretzel link P(n,m, 1).

) au-i—'m}-



SOME COLORING RESULTS ON SPECIAL SEMIGROUPS OBTAINED FROM PARTICULAR KNOIR$

From the region w : Ayt-1Qy, = AyQy—1 =+ -+ = Q100 ,
apa] = a1a2 = = Qyu—-10y = Gy Ay+1
(2 4) From the region m : Ay Qg2 = Ay 420y 43 = *** = Aytm0@0 = AQAy41
Qy+100 = A0Qy+m = * = Ay420qy ,
From the region 1 : Ay 4-2Qy 41 = Qy4+107 ,

Qy4-10y4+2 = A1Ay41 -

Let us match each a; with an element z; € Z,. Now, by the diagram in Figure
5, if we translate a general relation a;a; = aja) (where 4, j and k are the elements
of the set {ag, a1, - ,ay4+1}) to the alternating sum, then we clearly get

mi—xj:xj—xk.

Thus, if we apply same translation to the first row of “From the region u” in Eq.
(2.4), then we get

(2.5)

To simplify of the calculation, let us equalize the equation in (2.5) to an arbitrary
value k € Z;. After that, by assuming the initial value as x¢y = xg, we have

(2.6) 1 =x0+k, z2=x0+2k, ---, Zyt1 = o+ (u+1)k.

Similarly as in (2.5), by applying the alternating sum to the first row of “From
the region m” in Eq. (2.4) and by the last term

(2.7)
of Eq. (2.6), we clearly have

Ty4l =Ty =Ty — Ty—1 =" =T1 —T0-

Ty = xgtuk,

o — Tyt1 = —(u+ 1)k

Ty — Typo = Tyto — Tuts =+ = o — Typ1 = —(w+ k.

In the last equality, let us think each difference pairs separately as in Eq. (2.7). In
that case, we obtain the following systematical equations.

Ty — Tyyo = —(u+ Dk =

Typo — Tyys = —(u+ 1k =

=
Tytm—1 — Tu+m = —(u+ Dk =
(2.8) =
(29) Zyim—z0=—(u+1)k =

Ty =To+2[(u+1)—1]k

by the equality in (2.7)

2o+ 2[(u+1) =1k —2zy13=—(u+1)k
Tyrs =x0+3[(u+1)—1]k

by iteratively using of the equality in (2.7)

Tytm = Tutm—1 + (u+ 1)k =

Tytm =To +m[(u+1)—1]k

by iteratively using of the equality in (2.7)
Tytm = To — (u+ 1)k.

Now, by equalizing the values of the term x,.,, in Egs. (2.8) and (2.9), we

obtain

(2.10)

(mu+m+u)k =0 orequivalently (mu+m +u)k =0 (mod )
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In here, the congruence (mu+m+u)k = 0 (mod t) gives the correctness of equations
in (2.3), as required.

At this point we should note that one can also take t = k or ¢ | k to be held
the congruency in (2.10). So this will also give that since all z;’s are equal to each
other, the equations for alternating sum semigroup still hold. However, since such
these solutions will imply infinite number of homomorphisms, we only consider the
cases t = Ag(—1) or t | Ag(—1).

To end up the proof, let us express how can one define a homomorphism as
required in theorem. For the semigroups Kgp(ym,1) = AT /x and AS(Z;,B) =
Bt/ ~, where A = {ag,a1,0az,...,au+m} (which is the set of arcs), B is as in the
expression of theorem, k is the set of relations as given in (2.4) and ~ is the set
of relations correspond to the relations in (2.4) which we have already obtained in
above. Now, since for each a; (0 < i < u + m) we obtain a different corresponds
value x; up to choosing of xq, k and ¢, this will imply that we have a finite number
of different functions ¢; : A — B with the rule a; — z;. Thus, by Lemma 1.3,
there must exists a unique homomorphism from A*/k to Bt/ ~ for each of these
different functions. In fact the number of such these different homomorphisms is
defined in Theorem 2.16 below.

Hence the result. d

Example 2.8. For P(u,m,1), if one choose 9 =0, k = 1 and t = (m+1)(u+1)—1,
then the number of elements in sets A and B become equal. Therefore we have a
one-to-one matching between each a; and x; which implies that we obtain not only
a homomorphism from Kgp(y m 1) to AS(Z¢, B) but also an isomorphism. In here,
the set B is defined as

{0,1,2, -+ Ju,u+1,2(u+1)—1,3u+1)—1,--- ,mu+1)—1}.

By applying a quite similar progress as in the case of P(u,m,1), we can obtain
similar results for the Pretzel link P(—u, —u, —u) and the Torus knot Tp2. In the
following, by omitting the proofs but considering Lemma 1.3, we will indicate the
existence of homomorphisms from the knot semigroup Kgp(—y,—u,—u) to AS(Z¢, B)
as in the coming result which is another version of Theorem 2.6. We first note
that, by [12], the diagram of the Pretzel link P(—u, —u, —u) is drawn as in Figure
6, and so as a consequence of Lemma 2.5 one can easily obtain the generating set
A = {ag,a1,as,...,a3,—1} while the set of relations R as defined in Eq. (2.11)
below.

(2.11)
From the first region —u : Ay t-10qy = QquQyy—1 = *+* = Q100 ,
Apa1 = Q102 = =+ = Qy—10y = Oyly+1,
From the second region —u : Ay t-20qy 11 = Gyp10y+3 = **° = A2y A2y+1 = A2y 1102,
A202y+1 = A2y+102y = *** = Qyu4+30yu+1 = Gy4+10y+2,
From the third region —u : Aoy Ay 2 = Q1202912 = *** = A3y —100 = AQA2y 41 5
A2y+100 = A0A3y—1 = "+ = A2y 420y 42 = Ay 420y -

Thus the other main result of this paper is the following.




SOME COLORING RESULTS ON SPECIAL SEMIGROUPS OBTAINED FROM PARTICULAR KNOIR3

a, a
utl u+2

XX
“w/N /N /)

FIGURE 6. Diagram for the Pretzel link P(—u, —u, —u).

Theorem 2.9. We always have a finite number of homomorphisms from Kgp(—y,—u,—u)
to the alternating sum semigroup AS(Z, B), where

B={xzo+rk; r=0,1,--- ,u+1}U{zo+ (u+28)k; s=1,2,--- ,u—1}
such that zg, k are arbitrary elements of Z; and either t = 3u or t | 3u.

On the other hand the existence of isomorphism is defined as follows.
Theorem 2.10. For only u = 1, there exists Kgp(—y,—u,—u) = AS(Zs, B).

Proof. If uw = 1, then the diagram and knots of the P(—1,—1,—1) are the same
with the diagram and knots of Torus knot 735. So, by Proposition 1, we have
Ksr,, = AS(Z3,Z3). On the other hand, if u # 1, then the number of arcs in the
diagram of P(—u,—u,—u) is 3u (which gives the cardinality of the generating set
A) and so the number of elements in the set B is (u+2)+(u—1) = 2u+1. However,
for all w > 1, since it is always true that 3u > 2u + 1, we obtain the number of arcs
in P(—u, —u, —u) is greater than the number of elements of B which implies that
it cannot be defined an isomorphism. O

It is known that tricolorability (i.e. Fox n-coloring when w = 3) is an invariant
under Reidemeister moves (cf. [1]). Since invariant property is an important tool
in every branch of mathematics, it is good enough to study tricolorability for our
cases. In fact, by the condition ¢ = 3u or ¢ | 3u in Theorem 2.9, it is not hard to
see that ¢ can be choosed as 3. That means there exists a homomorphism from the
semigroup Kgp(—y,—u,—u) t0 AS(Z3, B). Therefore we have the following result.

Theorem 2.11. All Pretzel links P(—u, —u,—u) are tricolorability.

Now let us give our attention to the Torus knot. In the remaining part of this
section, we will adapt the theories on P(u,m,1) and P(—u,—u, —u) to the Torus
knot T}, 2. Recall that the case p = 3 in Torus knot gives P(—1,—1,—1) and so
there is nothing to do since we have already obtained previously. Therefore in the
following result the case p = 3 coincides with Theorems 2.9, 2.10 and 2.11.

Theorem 2.12. Consider the Torus knot T, » (where p and 2 are relatively prime)
as defined in (1.3). Then we have a homomorphism from the Torus knot semigroup
Ksr, , to the alternating sum semigroup AS(Z¢, B), where

B:{£C0+’l"k; r:07172a"'7p71}a
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xo, k € Z¢ and either t | Ag, ,(—1) ort = A, ,(—=1) such that Ag, ,(—1) = p by
(1.1).

Proof. In the proof, we will actually follow a similar way as in the proof of Theorem
2.6. Now if we translate the relations defined in (1.3) to the relations of AS(Z;, B),
then we have

(2.12) To—T1=T] — T, X1 —Tg =Tg — X3, ,Tp—2 — Tp—1 = Tp_1 — X0 -
By rearranging and then equalizing a constant k, we also get
o — L1 21‘1—1‘22132—1‘3:"':Jip_z—iﬁp_l:xp_l—xo:k‘,
which can be clearly written as
1 =x0+ k,xo =20 +2k, - ,xp_1 =0+ (p— 1)k,

In (2.12), as the general term, let us take x,_o — 2,1 = p—1 — 2o = k and then
replace the z; values all the related places. So

ro+(p—2)k—(ro+(p—-1Dk)=z0+(p—-1Dk—20=—-k=(p— 1)k
= pk =0 (mod ¢).

Therefore, by this last congruence, we must have ¢ | port = p, where p = Aq, ,(—1).

The set of arcs (or equivalently the generating set) is defined as A = { ag, a1, az," - -

while the set of x; values is given by B ={ag+7k; r=0,1,2,....,p — 1 }. Hence,
by applying Lemma 1.3, we reached that there exists a homomorphism from K7, ,
to AS(Zy, B), as required. O

Example 2.13. In Theorem 2.12, if we choose 79 =0, k =1 and t = A, ,(—1) =
p, then the set B is given by {0,1,2,---p —2,p — 1}. Therefore the number of arcs
in Torus knot T}, 2 and the cardinality of B are both p, and so there is a one-to-one
correspondence between each arc in A and each element in B. So, by Lemma 1.3,
we obtain an isomorphism Kgr, , = AS(Z,, B).

Remark 2.14. We strictly note that a similar situation in Example 2.13 (which
is an example of Theorem 2.12) was given as a result in the paper [18, Theorem
3] by considered with only a unique isomorphism. Nevertheless, Example 2.13
actually shows that different choices for arbitrary zg, k and p will imply different
isomorphisms between Kgr,, and AS(Z,, B).

The situation depicted in Example 2.13 and Remark 2.14 can be summarized
with the following theorem.

Theorem 2.15. To define an isomorphisms between Ksr, , and AS(Zy, B), it must
be held k £0, ktp and t = p.

Proof. Without loss of the generality, let us investigate the cases as k = 0, k | p
and t # p, respectively.

o Let £ = 0. If we write 0 instead of k in the set B in Theorem 2.12,
then we have B = {zo}. But, in this case, whole elements of T, » map
to a single element in the homomorphism from Kgr,, to AS(Z, B) which
clearly breaks down the isomorphism.

e Assume k | p. Let us reconsider the set B in Theorem 2.12. By the
assumption, for any r; 0 (0 < i < p—1), we get r;k = 0 (mod p). But,
since this will imply that 29+0k = z¢+7;k (as the meaning of congruence
classes), we cannot reach the isomorphism.

sap—1}
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e Suppose t < p and t | p. Remember that the set B in Theorem 2.12 was
obtained by considered the equivalence over modulo t = p. However, when
we take it as ¢t < p and ¢ | p, clearly the cardinality ¢ of B will be definitely
less than p. On the other hand, the number of arcs in the knot diagram
(or equivalently, the number of generators in the knot semigroup) is still
p. This means that we cannot define an isomorphism between Ksr, , and
AS(Zy, B) since the cardinality of B is less than p.

As a result of these above facts, we say that to define an isomorphism from K ST,
to AS(Z, B) (or vice versa), all conditions in theorem must be satisfied. O

Finally, we can bring together Theorems 2.6, 2.9 and 2.12 in a common point as
in the following.

Theorem 2.16. For simplicity, let N denotes one of P(u,m,1), P(—u, —u, —u)
or Tpo. Then the number of homomorphisms from each of the knot semigroups
Kgpn to the alternating sum semigroup AS(Zy, B) is

x—1
>t
i=1
such that t; | Ax(—1) and x is the number of t;’s that divides t.

Proof. In Theorems 2.6, 2.9 and 2.12, we established that if one wants to define
a homomorphism from one of the knot semigroups of P(u,m,1), P(—u, —u,—u)
ve Tpo to the alternating sum semigroup AS(Z, B), then the value ¢ must be
satisfied ¢ | Ap(—1) or t = Apr(—1), and additionally, for each of these theorems,
we presented the related B set while ¢ = Apr(—1). Remember that the elements
xo, k € Z; were chosen arbitrarily in these B sets. It easy to verify that each of xg
and t can be chosen t different ways from Z; which imply that the values of xy and
t can be totally chosen as t? different options. On the other hand, since we obtain
different B sets up to for each different choices of zo and k, we get t? different
homomorphisms that can be defined on these B sets.

For t = Apr(—1), now let us consider the ¢; | ¢ values and say x to the number of
such t;’s. In here we must consider 1 does not count in y since Fox n-colorings start
always from n > 2 (by Lemma 2.3 or more generally Equation (1.2)) and so ¢; # 1.
Let B; denotes a congruence class of the elements in B depends on the value t;.
According to Theorems 2.6, 2.9 and 2.12, one can define a homomorphism from the
knot semigroup to the semigroup AS(Zi,, B;) in which xg, k € Z;,. With the same
idea as in the above paragraph, ;2 different choices can be applied to 2o and k in
Zs,, and since each of those gives a new homomorphism, we get total ¢;% different
homomorphisms for each ¢; from the knot semigroup to the semigroup AS(Z,, B).
Hence, since this situation can be seen for all ¢; | ¢, we say that the total number

x—1
of homomorphisms is Zt?, as required. O
i=1

Remember that the number of colorings of a knot K in terms of the quandle @
was denoted by Colg(K). By considering Lemma 1.1, we can give the following
result as a consequence of Theorems 2.1 and 2.16.
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Theorem 2.17. )
x—
Colg(N)=> ;.
i=1

One may also present the following particular corollary as a consequence of
Theorems 2.1, 2.12 and 2.16.

Corollary 3. For a prime p, there are total p*> homomorphisms and p* — p iso-
morphisms from Ksr, , to AS(Zy, B).

3. CONCLUSION

In this study, the homomorphism relations between the nodal semigroups and
the alternative total semigroups of some pretzel chains and torus chains are in-
vestigated and the number of homomorphisms and isomorphisms in some special
cases are given.
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