A traversal of a component in a diagram is said to be
alternating if consecutive crossings alternate between underpass
and overpass. A link traversal is a set of component traversals
containing exactly one component traversal of each component.
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A link diagram is said to be alternating if a link traversal is

alternating, and a link is said to be alternating if it has at least
one alternating diagram.

A link of m components is a subset of R? that consists of m
disjoint, simple closed curves, each of which is said to be a
component of the link. A knot is a link of one component.

A diagram of fewest crossings for a given link is called a
minimal diagram for the link.

The Unknot

To determine knottedness, or more generally, to determine the
equivalence of two links, is one of the central problems in knot
theory. We have developed a complete invariant for alternating
links, which we call the master array of the link, and we have
developed an effective procedure tor the use of this invariant in
the enumeration of prime alternating links. The master array is
a generalized group code, which itself is a variant of the notion
of gauss code.
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An 8 crossing knot Two diagrams (the one on the left is minimal) for the same link.
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Knotted DNA

Synthetic DNA

Adjacent crossings in a diagram
are amalgamated into a unit
called a group (of crossings). If
both strands of the group are
from the same component, then
the group is a component group,
otherwise 1t is a link group.
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Non-alternating prime links

The DROTS tangle
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A prime link is one for which no diagram permits the
decomposition of the link into two nontrivial pieces by the
cutting of only two strands. A nonprime link is said to be
composite, and can be built up out of prime pieces using the #
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The Enumeration of Prime Knotilus: a knot server
Notation: Ly # Lr # Lz # ... # L Alternating Links The ROTS surgery (knotilus.math.uwo.ca)

. . . .. o We beg 1ith inimal di f the t link of 2 ot 2. tai hive of 100 billi j lternating links.
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. . . . . crossings, and systematically apply the operators described will provide a diagram for any gauss code.
which the link can be faithfully reproduced. A crossing of D is s bel , , , , ; | | | |

. . . . . . elow to construct aﬂ prime alterﬂatlng llﬂkS Of 3 Crossings, can prov1de all face inversions for the dlagram,
point of intersection of two projected curves of L, and is said to h ¢ A , ] We h Focts g «
be a component crossing if both curves belong to the same then of 4 crossings, and SO on. We aV.e all € eCtlve. pr.oce ure = . = N provides a ja\.ra applet to draw and. anneal any link. It features full control
t of L. otherwise it is called a link crossin to construct the master array of each link as we build it,and we  Tre.. of the annealing process, and provides for the usual output file formats,
COTRPOREER OF &, OLCTH 5 are able to efficiently determine from the master array whether including a gauss code for the link as part of the output.
TWO llnks are Said to be tOpOIOgically eqUivalent lf there iS a the lln{ iS a new one to be added to the Collection or Whether lt OU.tpUtS various formats, iIlClU.dil’lg :POS)CSCI'ip)C/:P]:)]_'—“7 XYPlC, PNG, and
smooth motion of 3-space that transtorms one of the links, should be discarded. Additionally, we have developed an Povray.
without causing the link to undergo any self-intersections, into K3, +3 writhe extremely compact data structur e’ to represent the master array For a prime alternating link diagram, Knotilus will provide the following:
the other link. Diagrams of equivalent links are said to be - : ° a) a complete invariant (the master array).
cormivalent dia ramf d and we have been able to store the 100 billion prime alternating b) the number of orientations of the link.
d 5 ' links of at most 23 crossings in around 600 gigabytes. The rate c) the invertibility, if a knot.
In order to reproduce the link from one of its diagrams, the of growth in the number of prime alternating links is d) whether the link is unoriented amphicheiral or chiral.
diagram must display the over /under pass information for each exponential with base approximately 5, and the job of -ve component 3-group The Tight-ROTS tangle e) the numzerfof the hnk}’ls oleer}ctaé‘?lons are oriented amphicheiral, and a
. « e e . . . . . - . gauss Ccode 10r one sucil orientatloll.
CLOSS1LE anld this %S lndlcoated by a break in the lmage of the enumerating the 417,377,448,058 prime alternating links ot 24 f) a concrete representation of the symmetry group of the link.
underpassing arc in a neighbourhood of the crossing. crossings took about 3 days. g) the classification of the symmetry group, if a knot.
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