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based on 3-regular polyhedra (Qiu and Zhai, 2005; Yang and Qiu,
2007). We shall call such polyhedral links 3-regular polyhedral links.
An example is shown in Fig. 1. For this type of links, recently, S.Y. Liu
and H. Zhang computed their genus (Liu and Zhang, 2012). In addition,
the 3-regular polyhedral link models were generalized to a more
universal polyhedral links (Cheng et al., 2009) by the method of
‘branched alternating closed braids and double lines covering’. Due to
these advances in the architecture of polyhedral links, it is necessary to
seek more suitable molecular descriptors to characterize the topolo-
gical properties of such polyhedral links.

A closed braid is a simple representation of a knotted or
interlinked structure, and the braid index can be employed to
describe such configuration. The recent example is that knotted
hydrocarbon complexes can be modeled as closed braids to
facilitate the study of their properties (Cox et al., 2008). Therefore,
understanding this topological descriptor is of both fundamental
and practical importance. However, it is extremely difficult to
calculate them. Up to now, as far as we know, braid indexes of
3-regular polyhedral links have not been studied yet.

Ear decomposition, first proposed by Whitney in 1932, is used to
characterize 2-connected graphs. In this paper we introduce the notion
of ear decomposition of 3-regular polyhedral links based on the ear
decomposition of the 3-regular polyhedral graphs. As a result, we obtain
an upper bound for the braid index of 3-regular polyhedral links. Our
result is not only a supplement to the theory of knots and links, and
may be also used to characterize and analyze the structure and
complexity of protein polyhedra and entanglement in biopolymers.

2. Preliminaries
2.1. Knots and links, Seifert surface and braid index

A link L is a finite collection of disjoint circles embedded in R3-
space, and such a circle is called a component of L. A knot can be
described as a link with one component. An oriented link L is a
linli)whose each component is assigned a direction. A reverse link
of L, denoted by — L, is obtained by reversing the orientations of
its all components.

Two links are called equivalent if one can be transformed into
the other via an ambient isotopy deformation.

Smoothing crossing
S
~

Figure-eight knot

Seifert circles

A Seifert surface of an oriented link Tisa compact, connected
and oriented surface S in S3 that has L as its oriented boundary.
In 1934, Seifert (19_3)4) gave an algorithm which, given a diagram of
the oriented link L, produces such a surface S. N

Here, we restate the algorithm. Given a diagram D of an
oriented link L, first we smooth each crossing of the diagram D
by replacing a crossing with two orientation preserving parallel
arcs, which results in a set of nonintersecting circles calleg) Seifert
circles and the number of such circles is denoted by s(D). And
then, we connect these circles each other at the position of
crossings by half-twisted bandi At last, we can obtain the
corresponding Seifert surface of D. In Fig. 2, we give the process
of the construction for Seifert surfaces of figure-eight knot.

We use Spax(D) (or Spmin(D)) to denote the maximum (or
minimum) number of Seifert circles taken over all possible choices
of orientation of D.

Definition 2.1 (Cromwell, 2004; Murasugi, 1%58; Crowell, 1959;
Gabai, 1986). The genus of an griented link L is the minimum
genus of any Seifert surfaces of L . The genus of an unoriented link
L is the minimum taken over all possible choices of orientation of
L. The genus of a link L is denoted by g(L).

A braid b is a set of n strings in a 3-dimensional cube I x I x I,
where [ =[0, 1], all of which are attached to a horizontal bar at the
top {1} x I x {1} and at the bottom {1} x I x {0}. A closed braid b
can be obtained from a braid b by connecting the top ends to the
bottom ends of b. An example is illustrated in Fig. 3.

A classical result states that every oriented link can be repre-
sented simply by a closed braid (Alexander, 1923).

Definition 2.2 (Cromwell, 2004). The braid index of a link is
defined by the least number of strings in a braid corresponding
to a closed braid representation of the link. The braid index of a
link L is denoted by b(L).

It is well-known that the braid index is extremely difficult to
calculate.
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Fig. 3. A braid b and its closed braid b.

IO

Seifert surface

Fig. 2. Seifert circles and surfaces constructed from eight-figure knot by Seifert's algorithm.

http://dx.doi.org/10.1016/].jtbi.2014.06.009

Please cite this article as: Cheng, X.-S., et al., Ear decomposition of 3-regular polyhedral links with applications. ]. Theor. Biol. (2014),

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132


http://dx.doi.org/10.1016/j.jtbi.2014.06.009
http://dx.doi.org/10.1016/j.jtbi.2014.06.009
http://dx.doi.org/10.1016/j.jtbi.2014.06.009

Download English Version:

https://daneshyari.com/en/article/6370337

Download Persian Version:

https://daneshyari.com/article/6370337

Daneshyari.com


https://daneshyari.com/en/article/6370337
https://daneshyari.com/article/6370337
https://daneshyari.com/

