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Abstract

granular than the Lie algebra's index.

We investigate properties of a Type-A meander, here considered to be a certain planar graph associated to
seaweed subalgebra of the special linear Lie algebra. Meanders are designed in such a way that the index of the
seaweed may be computed by counting the number and type of connected components of the meander. Specifically,
the simplicial homotopy types of Type-A meanders are determined in the cases where there exist linear greatest
common divisor index formulas for the associate seaweed. For Type-A seaweeds, the homotopy type of the algebra,
defined as the homotopy type of its associated meander, is recognized as a conjugation invariant which is more
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Introduction

The index of a Lie algebra is an important invariant of the Lie
algebra and is bounded by the algebra's rank: ind g<rk g, with equality
when g is reductive. More formally, the index of a Lie algebra g is given by

ind g =min dim (ker (B, )),

where fisalinear functional on g and B is the associated skew-symmetric
Kirillov form defined by B, (x, y) = f([x, y]) for all x, y € g. Of particular
interest are those Lie algebras which have index zero. Such algebras are
called Frobenius and have been studied extensively from the point of
view of invariant theory [1] and are of special interest in deformation
and quantum group theory stemming from their connection with the
classical Yang-Baxter equation [2, 3]. Simple Lie algebras can never be
Frobenius but there always exits subalgebras that must be.

In [4] Dergachev and A. Kirillov introduced a combinatorial
method for computing the index of certain seaweed (biparabolic)
subalgebras of A | = sl(n), based on counting the number and type of
connected components of a planar graph representation of the seaweed
algebra, called a (Type-A) meander. A Type-C, or symplectic meander
and an attendant combinatorial index formula was developed by Coll et
al in [2] for seaweed subalgebras of sp(#). (See also [5]).

Using a collection of deterministic graph theoretic moves, a given
meander can be “wound down" to reveal its (simplicial) homotopy type.
The sequence of moves used in this winding-down procedure is called
the signature of the meander and may be regarding as a graph theoretic
rendering of Panyushev's well-known reduction [6]. In [7,8], Coll et al
used the signature to develop closed form formulas for the index of a
seaweed algebra in terms of the block sizes of the defining flags in the
Type-A and Type-C cases when the number of blocks in the flags is
small. Subsequently, Karnauhova and Liebsher [10] used signature type
moves and complexity arguments to establish that the index formulas
developed in these papers are the only linear greatest common divisor
formulas for the index based on the flags defining the seaweed. One
finds that in the Type-A case, a seaweed is Frobenius precisely when
its associated meander consists of a single path [4, 7, 8]. For a Type-C
seaweed to be Frobenius, its associated meander must reduce to a
certain collection of paths [5, 10].

Since the homotopy type is not defined in terms of the algebraic
structure of the original Lie algebra, it is not a priori clear that it is an

algebraic invariant of the original algebra. In fact, this remains an open
question for an arbitrary seaweed. However, it is implicit in the work
of Moreau and Yakimova [11] that for Type-A seaweeds the homotopy
type is a conjugation invariant which is more granular than the index.
The example at the end of this paper provides two seaweed algebras
which have the same dimension, rank, and index — but different
homotopy types. So, are not conjugate.

In Theorems 5.1 and 5.2, we classify those homotopy types of
seaweeds where there exist linear greatest common divisor index
formulas developed in the prequels to this article.

Seaweed Algebras

Let q and g be two parabolic subalgebras of a reductive Lie algebra
g. If g + q = g then qNq' is called a seaweed, or in the terminology
of A. Joseph [13] biparabolic, subalgebra of g. In what follows, we
further assume that g is simple and comes equipped with a triangular
decomposition

g =u ®hdu_

where b is a Cartan subalgebra of g and u_and u_are the subalgebras
consisting of the upper and lower triangular matrices, respectively. Let
IT be the set of g's simple roots and for ST, let g, denote the root
space corresponding to f3. A seaweed subalgebra qNq'is called standard
if g2h®u,_ and q2h@u . We tacitly assume that the ground field is an
algebraically closed field of characteristic zero, so that any seaweed is
conjugate to a standard one. Note that while two standard parabolic
subalgebras cannot be conjugate, two standard seaweeds can be.

In the case that gNq is standard, let ¥ = {eIT : [ q}, V' =
{Bell: 0, q'}, and denote the seaweed by p(‘P|¥’). Such a seaweed
is parabolic if one of ¥ or W' or is the empty set, and called maximal
parabolic if it is of the form p({B}|0) or p(0|{B}), respectively.
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Type-A Seaweeds

Let A | = sl(n) be the algebra of nxn matrices with trace zero and
consider the triangular decomposition of sl(n) as above. Let = {,,...,
B, .} be the set of simple roots of sl(n) with the standard ordering and
let p? (‘I’ | LI") denote a seaweed subalgebra of sl(n) where ¥ and ¥’
are subsets of T1. Let comp, denote the set of sequences of positive
integers whose sum is # (i.e., comp, is the set of compositions of n).
It will be convenient to index seaweeds of sl(n) by pairs of elements
of comp . Let P(X) denote the power set of a set X. Let ¢, be the
usual bijection from comp_ to a set of cardinality n —1. That is, given
a,, ) € comp,, , define ¢,: comp_ — P(II) by

a=(0,05,...,

@;\ (2) = {ﬂa‘ ’ﬂalJraZ LR IBu, +ay et a, } :

Now, following the notational conventions established in [3], define

the type of the seaweed p. (LPA (a)]wy (Q)) to be the symbol

al' a2| | ,whereia _Zb -

AR

By construction, the sequence of numbers in @ determines the
heights of triangles below the main diagonal in p} (¢, (a) |, (b)), which
may have nonzero entries, and the sequence of numbers in b determines
the heights of triangles above the main diagonal. For example, the

seaweed Ph ({ﬂ”} | {ﬂlo,ﬂM}) of type T “

where * indicates the possible nonzero entries from the ground field.
See Figure 1, where we have chosen such a large example to fully
illustrate the winding-down moves of Section 4, but also to provide a
seaweed with an interesting homotopy type.

has the following shape,

10
[ EEEE
KKK K K K X K K ¥
KKK K KK X K ¥ ¥
XK KR K K X X X ¥
KK K K K ¥ K X X ¥
KK K K K K X K X ¥
XK K K K X X K X ¥
XK K K K X X R ¥ ¥
17]% % % % % % % ¥ % %
¥ X K K X X ¥ X ¥ ¥ 4
KK K K KK KK KK KK KK
KKK KK KK XK KX KR XX
X K K K K K K K X X X X X ¥
KKK KKK K K KX XK KX 6
KKK KKK KK KKK KKK K KKK KK
X K K KKK K KKK KKK KK KKK KX
X KK K K K K KKK K KKK KK KK KK
% % %
3 % %
% % %
173

Figure 1: A seaweed of type 10‘74\6 .

Meanders, Index Formulas, and Homotopy Type
Type-A meanders

Following Dergechev and A. Kirillov [5], we associate a planar

al‘az‘...a

graph to each seaweed of type m as follows. Line up n

102]- (%

vertices horizontally and label them‘ Vs vz‘,..., v,. Partition the set of
vertices into two set partitions, called top and bottom. The top partition
groups together the first a, vertices, then the next a, vertices, and so on,
lastly grouping together the last @ vertices. In a similar way, the bottom
partition is determined by the sequence b,,...,b, We call each set within
a set partition a block. For each block in the top (likewise bottom)
partition we build up the graph by adding edges in the same way. First,
add an edge from the first vertex of a block to the last vertex of the same
block drawn concave down (respectively concave up in the bottom part
case). The edge addition is then repeated between the second vertex
and the second to last and so on within each block of both partitions.
More explicitly, given vertices (A in a top block of size a, there is an
edge between them if and only if j + k= 2(a, + a,+...+ a_) +a,+ 1.If
v, v, are in a bottom block of size b, there is an edge between them if
and only ifj+k=2(b,+b,+...+ b, ) + b, + 1. The resulting undirected
planar graph is called ‘the meander associated to the given seaweed. We
say that the meander has the same type as its associated seaweed See Figure 2.

e

Fi 2:A der of t 17‘3
igure 2: A meander of type 10‘4\6'

Type-A Index Formulas

Evidently, every meander consists of a disjoint union of cycles,
paths, and points (degenerate paths). The main result of [5] is that the
index of the meander can be computed by counting the number and
type of each of these components.

Theorem 3.1 (Theorem 5.1, [5]): If p is a seaweed subalgebra of
sl(n), then

indp=2C+P-1,

where C is the number of cycles and P is the number of paths in the
associated meander.

This elegant result, and the Type-C analogue ([Theorem 4.5) are
difficult to apply in practice. However, in certain cases, the following
index formulas allow us to ascertain the index directly from the block
sizes of the flags that define the seaweed. The following formulas were
developed in the first two articles in this series. We hasten to add that
the formula in Theorem 3.2, which follows as a corollary to Theorem
3.3, was known early on to Elashvilli [14].

alb
n

Theorem 3.2 (Theorem 7, [3]): A seaweed of type has index

ged(a; b)-1
a |b |c
Theorem 3.3 (Theorem 8, [3]): A seaweed of type
n
‘ ,hasindex ged(a + b; b+ ¢) — 1.

, Or type

cln—c
The following result establishes that the formulas in Theorems 3.2
and 3.3 the only nontrivial linear ones that are available in the parabolic
case.

Theorem 3.4 (Theorem 5.3, [11]): If m > 4 and p is a seaweed of
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aa,...|a ) ) The Winding-Down Lemma establishes that, through a
type 2%l [T, then there do not exist homogeneous polynomials f,, deterministic sequence of graph theoretic moves, each meander can

feZlx,. .T?, , ] of arbitrary degree, such that the index of p is given by
ged(fi(a,....a ). f(a....a,)).
Homotopy type

Definition 3.5: We say that a planar graph has homotopy type H(a,,
a,...,.a,) if its homotopy type is equivalent to the meander of type

a,|a,|-..|a . . .
M . That is, a union of m non-concentric subgraphs, where
a

m

alaal- :
each subgraph has homotopy type —- concentric circles if a, is even,
and Laz/z I concentric circles with a point in the center if a,is odd.

Example: A planar graph with homotopy type H(5, 1, 2) is
homotopically equivalent to the graph in the following Figure 3.

Figure 3: A planar graph with homotopy type H(5; 1; 2) .

When it makes sense, we define the homotopy type of a seaweed to
be the homotopy type of its corresponding meander. More pointedly,
we note that, unlike the index, the homotopy type of a Lie algebra g
is not defined directly in terms of g's Lie Theory. It is therefore not a
priori clear to what extent the homotopy type is an algebraic invariant.
However, the following theorem follows from Theorem 5.3 in the recent
paper by Moreau and Yakimova [11].

Theorem 3.6: Conjugate seaweed subalgebras of s[(n) have the
same homotopy type.

Winding Down and the Signature

In this section, we recall two technical Lemmas See [8,9]. The first
Lemma (Winding Down) can be used to discern the homotopy type of
a meander. The second Lemma (Winding Up), in cooperation with the
Winding-Down Lemma, will be used in the proof of the classification
Theorems 5.1 and 5.2. In these theorems, we classify the homotopy
types in the cases where there exist linear greatest common divisor
index formulas for the associated seaweed.

Ciieieees

be contracted or “wound down” to reveal its homotopy type. Since the
sequence of moves is uniquely determined by the meander, we refer to
this sequence as the meander's signature. Essentially, the winding-down
moves, and the attendant signature, are a graph-theoretic recasting of
Panyushev's reduction algorithm which was used in [14] to develop
inductive formulas for the index of seaweeds in gl(n).

Lemma 4.1 (Winding Down): Given a meander M of type

a,|ay|-..|a

‘ ‘ ‘ ™, create a meander M by one of the following moves. For
b,(b,|.-.|b,

all moves except the Component Elimination, M and M have the same
homotopy type.

b [, |b,
a, ‘az ‘

2. Component Elimination (C(c)): If a, = b, = ¢, then M —M' of

1. Flip (F):If a, < b, then M — M’ of type

am

a ‘a ‘ a
ty.pe 273 m
b, [by]...|b,
3. Rotation Contraction (R): If b, < a, < 2b,, then M —M’ of type
b, ‘al ‘az‘... a,
(26, —a,)[b, .|,
4. Block Elimination (B): If a, = 2b,, then M — M’ of type M .
b, |bs -..[b,
5. Pure Contraction (P): If a, > 2b,, then M —M' of type
(a, —261)‘1)1 ‘al ‘az ‘ a,
AARD

Example: We continue with our running example, and wind down
the meander of Figure 2 in Figure 4 below.

Note that each of the winding-down moves can be reversed to yield
a winding-up move. The winding-up moves, which we record in the
following Lemma, can be used to build up any meander, of any size and
block configuration.

Lemma 4.2 (Winding Up): Every meander is the result of a
sequence of the following moves applied to the empty meander. For
all moves, except Component Creation, M and M’ have the same
homotopy type.

a,|a,|...|a
Given a meander M of type i|oal...[a, , create a meander M’ by
one of the following moves: bea]-- I,

L @9

17/3 10(3
10]4]6 314/6
P ca F eeeeee
L eeeeeseese (V) eseese [ L eee co g
4]3]3 313 6 3
416 6 313 3 2

Figure 4: Winding down the meander

173
‘ , with signature RPC(4)FBC(3) .

10[4]6
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1. Flip (}5) : M — M’ of type

2. Component Creation (C(C)) :Ifa, = b, =, then M— M’ of type
el o} o,

NG

3. Rotation Expansion (7?) :1f b, < a, < 2b,, then M — M’ of type

(2q, —bl)‘az‘... @,
|a, [0, - [b,
2a ‘a ‘ a,
4. Block Creation (B): M — M’ of type ——-21_1m
(5): a,[b,[b, ..o,

a, +2a, ‘a3‘a4‘... a,

5. Pure Expansion (73) : M — M of type - ‘b ‘b ‘ ‘b
2 (711727t

Classification Theorems

In this section, we present the promised homotopy type
classification theorems. The proofs are inductive in nature and based
on the Winding-Up lemma.

a‘b

Theorem 5.1. If p is a seaweed subalgebra of sl(n) of type —— or
o with gcd(a,b) = k, then its homotopy type is H(k). n

Proof. Given any integer m>2, we prove by induction that the
theorem holds for all such seaweeds created using m winding-up
moves. For the base of induction, the only seaweeds of this type that
can be created by two moves are those created by Component Creation

followed by Block Creation. Such a meander has type ——. The
homotopy type is H(a), and ged(a,a) = ale

Now, let m > 2 and assume the theorem holds for all such seaweeds

created using m~—1 winding-up moves. Let p be a seaweed of type ap

n
or o created by m-1 winding-up moves. Also let k = gcd(a, b). Let p’
n

be the seaweed obtained from p by applying the appropriate winding-
down move, so that p’ is created using m-1 winding-up moves. We
break the proof into cases depending on which winding-down move is
applied. For all cases except Component Elimination, p and p’ have the
same homotopy type.

Case 1: A Flip is applied to p.

This case is trivial.

Case 2: A Component Elimination is applied to p.

This case is vacuously true — a Component Elimination cannot be
applied to a seaweed of type J or Tb
Case 3: A Rotation Contrac‘uon is applied to p

In order to apply this move, p must have type — with n < 24, thus

a \

p’ has type ) g 7 For any positive integers x and y we have ged(z, y)
a-n
= gcd(z, z + y). Therefore,
gcd(b, 2a—n) = ged(b, b+ 2a—n) = ged(b, a) = k.

The claim then follows from the inductive hypothesis.

Case 4: A Block Elimination is applied to p.

n
In order to apply this move, p must have type aTb with n=2a, thus
b =aand k = gcd(a; b) = a. The claim now follows from the fact that p’
has type a.
a

Case 5: A Pure Contraction is applied to p.

In order to apply this move, p must have type I with n>2a, thus

a‘b

n-2ala

p’ has type . Now

gcd(a, n—2a) = ged(a, n—2a + a) = ged(a, b) = k

So, the claim follows from the inductive hypothesis.
Theorem 5.2. Let p seaweed subalgebra of sl(n) of type M,
n

" or J Let k = gcd(a + b, b + ¢), and let r =a mod k, and s=b
a‘b‘c c‘
mod k, where 0 <r < k and 0<s < k.

1.Ifr =0 or s = 0, then the homotopy type is H(k).
2. If r and s are nonzero, then the homotopy type is H(r, s).

Proof. Note that k divides (a + b)—(a + ¢) = a—c,sor=a=cmod k.

In the case that a seaweed has type a‘b ,wehave2n=(b+¢c) + (a +d)

c‘d

and so, k = ged(n, b + ¢) = gcd(n, a + d). Also, k divides (a + b)—(a + d)
=b-d,sos=b=dmod k.

Given any integer m>2, we prove, by induction, that the theorem
holds for all such seaweeds created using m winding-up moves. For the
base of induction, the only seaweeds of this type that can be created by
two moves are those created by two Component Creation moves. Such

a meander has type alp and the homotopy type is H(a, b). Since k =
alb
gcd(a+b,b+a)=a+b,wehaver=aands =", as desired.

Now, let m > 2 and assume the theorem holds for all such seaweeds
created using m—1 winding-up moves. Let p be a seaweed of type M ,
n
‘7;‘ , or alp created by m winding-up moves. Also, let k = gcd(a + b,
alblc
b+c)andyp’ be the seaweed obtained from p by applying the appropriate
winding-down move, so that p’ is created using m—1 winding-up
moves. We break the proof into cases depending on which winding-
down move is applied. For all cases except Component Elimination, p
and p’ have the same homotopy type.

Case 1: A Flip is applied to p.
This case is trivial.
Case 2: A Component Elimination is applied to p.
b
To apply this move, p must have type i. As noted above, the
homotopy type is H(r, s), as desired. a

Case 3: A Rotation Contraction is applied to p.

If p has type ‘Z , then this move cannot be applied.
alble

then we must have n < 24 in order to apply this

If p has type

move, and p’ has type . Note that

a—n‘ ‘C
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ged(c+b, b+2a—n) = ged(b+c, a—c) = ged(b+c, b+cta—c) = k.

So, by induction, p has homotopy type H(k) or H(r, s) depending on
the values of r = ¢ mod k and s = b mod k, respectively.

b
If p has type ad , then we must have ¢ < a < 2cin order to apply this
c
c ‘b
move, and p' has type .
2c- a\d

Now, ged(c+b, c+d) = ged(c+b, n) = k, so, by induction, p’ has
homotopy type H(k) or H(r; s) depending on the values of r = ¢ mod k
and s = d mod k, respectively.

Case 4: A Block Elimination is applied to p.
a ‘b‘c

If p has type —“L°, then this move cannot be applied.
n

n
a‘b‘c

this move. Therefore, b + ¢ = a = n/2. Since p’ has type bi
c

If p has type , then we must have n = 2a in order to apply

, we know

by Theorem 5.1 that the homotopy type is H(j) where j = gcd(c,b), but
since j divides b+c = a, we also see that j divides a+b, so j<k. Now, since
k = ged(a+b, b+c) = ged(n/2+b, n/2), we have that k divides b, and so k
also divides a and c. This implies k < j. We conclude that k =j. Note that
r =5 =0 and the homotopy type of p is H(k), as desired.

a\b
c‘d

move, and p’ has type

If p has type , then we must have a = 2¢ in order to apply this

b
% . Again, by Theorem 5.1, the homotopy type

is H(j) where j = gcd(c, b). Clearly, j divides b + ¢, and j also divides a
+b=2c+D,soj<k. Now, k divides (a + b)—(b + ¢) = a—c = ¢, so k also
divides b and a. This implies that k<j. We conclude that k = j. Once
again r = s = 0 and the homotopy type of p is H(k), as desired.

Case 5: A Pure Contraction is applied to p.

a‘b‘c

If p has type , then this move cannot be applied.

n
n

If p has type W , then we must have #n > 2a in order to apply this
alblc

-2
M.Nowged(b+c,a+b):gcd(b+c, n)=

b‘c

k, so, by induction, p’ has homotopy type H(k) or H(r, s) depending on

move, and p’ has type

the values of r=c mod k and s =b mod k, respectively.
a ‘b
c‘d

move, and p’ has type

If p has type , then we must have a > 2¢ in order to apply this

ic‘c‘b . Note that

ged(a—2c+c, c+b) = ged(a—c, b+c) = ged(a—c+b+c, b+c) = k.

So, by induction, p’ has homotopy type H(k) or H(r, s) depending
on the values of r = ¢ mod k and s =b mod k, respectively.

The following example demonstrates that the homotopy type can
sometimes distinguish between algebras when grosser invariants are
unable to detect differences.

53 4l4
3[3)2 2|4|2
dimension (27), rank (7), and index (1), but have homotopy types H(1,

Example: The seaweeds of type and both have

1) and H(2), respectively.
Summary and Looking Ahead

We define a meander to be a planar graph associated to a seaweed
algebra which is designed in such a way that the index of the seaweed
may be computed by counting the number and type of connected
components of the graph. Such combinatorial formulas have been
established in the Type-A case by Dergachev and A. Kirillov [4] and in
the Type-C case by Coll et al. [11] (and independently by Panyushev and
Yakimova [5]). These elegant formulas are difficult to apply in practice,
but in certain cases can be replaced by closed form linear greatest
common divisor formulas based on the flags that define the seaweed
in its standard representation. For maximal parabolics in the Type-A
case, this was done early on by Elashvili, and later, as a corollary to their
combinatorial result, by Dergachev and A. Kirillov, and still later by
Coll et al., as a consequence of a more generalized formula. The Type-C
case was addressed by Coll et al. in [10]. Investigations by Karnauhova
and Liebsher [13] show that these formulas are the full complement of
linear greatest common divisor index formulas available in the Type-A
and Type-C cases.

The simplicial homotopy type of a meander is evidently well-
defined. Recent work of Moreau and Yakimova [12] establishes that
the homotopy type of a Type-A seaweed is also well-defined, up to
conjugation. In a forthcoming note, and after the fashion of this article,
we will consider the Type-C case. In particular, we will establish that
the homotopy type of a Type-C seaweed is a conjugation invariant.
Furthermore, we will classify the homotopy types in all cases where
linear greatest common divisor formulas for the index exist.

Finally, it follows from Joseph ([13], Theorem 8.4) that the index of
a Type-B seaweed is the same as the index of a Type-C seaweed having
the same flags. Consequently, the construction of Type-C meanders and
related index formulas for Type-C seaweeds [10, 5], as well as results on
the homotopy type of Type-C meanders, carry over Mutatas Mutandis
to the Type-B case.

References

1. Ooms A (1974) On Lie algebras having a primitive universal enveloping
algebra. J Algebra 32: 488-500.

2. Gerstenhaber M, Giaquinto A (1997) Boundary solutions of the classical Yang-
Baxter equation. Letters Math Phys 40: 337-353.

3. Gerstenhaber M, Giaquinto A (2008) Graphs, Frobenius functionals, and the
classical Yang-Baxter Equation. arXiv:0808.2423.

4. Dergachev V, Kirillov A (2000) Index of Lie algebras of seaweed type. J Lie
Theory 10: 331-343.

5. Panyushev D, Yakimova O (2016) On seaweed subalgebras and meander
graphs in Type C, to appear in Pacific. J Math 285: 485-499.

6. Panyushev D (2001) Inductive formulas for the index of seaweed Lie algebras.
Mosc Math J 1: 221-241.

7. Coll V, Giaquinto A, Magnant C (2011) Meanders and Frobenius seaweed Lie
algebras. J Gen Lie Theory Appl. Volume 5 (2011), Article ID G110103, 5 pages.

8. Coll V, Hyatt M, Magnant C, Wang H (2015) Meander graphs and Frobenius
seaweed Lie algebras Il. J Gen Lie Theory Appl 9: 227. doi:10.4172/1736-
4337.1000227.

J Generalized Lie Theory Appl, an open access journal
ISSN: 1736-4337

Volume 11 « Issue 2 » 1000266


http://dx.doi.org/10.1016/0021-8693(74)90154-9
http://dx.doi.org/10.1016/0021-8693(74)90154-9
http://dx.doi.org/10.1023/A:1007363911649
http://dx.doi.org/10.1023/A:1007363911649
http://dx.doi.org/10.1.1.313.6736
http://dx.doi.org/10.1.1.313.6736
https://www.emis.de/journals/JLT/vol.10_no.2/6.html
https://www.emis.de/journals/JLT/vol.10_no.2/6.html
http://dx.doi.org/10.2140/pjm.2016.285.485
http://dx.doi.org/10.2140/pjm.2016.285.485
http://www.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=mmj&paperid=18&option_lang=eng
http://www.mathnet.ru/php/archive.phtml?wshow=paper&jrnid=mmj&paperid=18&option_lang=eng
https://www.omicsonline.com/open-access/meanders-and-frobenius-seaweed-lie-algebras-1736-4337-1000191.php?aid=20209
https://www.omicsonline.com/open-access/meanders-and-frobenius-seaweed-lie-algebras-1736-4337-1000191.php?aid=20209
http://dx.doi.org/10.4172/1736-4337.1000227
http://dx.doi.org/10.4172/1736-4337.1000227

Citation: Coll V, Dougherty A, Hyatt M, Mayers N (2017) Meander Graphs and Frobenius Seaweed Lie Algebras lll. J Generalized Lie Theory Appl
11: 266. doi: 10.4172/1736-4337.1000266

Page 6 of 6

9. CollV, Magnant C, Wang H (2012) The signature of a meander. arXiv:1206.2705. 12. Moreau A, Yakimova O (2012) Coadjoint orbits of reductive type of seaweed

Lie algebras. Int Math Res Not 19: 4475-4519.
10. Karnauhova A, Liebscher S (2015) Connected components of meanders: |. Bi- ¢ algebras. Int Math Res o

rainbow meanders. arXiv:1504.03099. 13. Joseph A (2006) On semi-invariants and index for biparabolic (seaweed)

. o . algebras . J Algebra 305(1): 487-515.
11. Coll V, Hyatt M, Magnant C (2017) Symplectic meanders. Communications in
Algebra. DOI: 10.1080/00927872.2016.1278012 14. Elashvili A (1990) On the index of parabolic subalgebras of semisimple Lie

algebras. Preprint.

J Generalized Lie Theory Appl, an open access journal Volume 11 ¢ Issue 2 * 1000266
ISSN: 1736-4337


https://arxiv.org/abs/1504.03099
https://arxiv.org/abs/1504.03099
https://arxiv.org/abs/1602.01146
http://dx.doi.org/10.1093/imrn/rnr184
http://dx.doi.org/10.1093/imrn/rnr184

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References 

