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We consider a family of simple graphs known as PS ear-decomposable graphs.
These graphs are one-dimensional specializations of the more general class of
PS ear-decomposable simplicial complexes, which were by Chari as a means of
understanding matroid simplicial complexes. We outline a shifting algorithm for
PS ear-decomposable graphs that allows us to explicitly show that the s-vector of
a PS ear-decomposable graph is a pure O-sequence.

1. Introduction

This paper concerns the combinatorial structure of a certain family of simple graphs
known as PS ear-decomposable graphs. PS ear-decomposable graphs and, more
generally, PS ear-decomposable simplicial complexes, were introduced by Chari
[1997] and provide a unified framework for proving a number of combinatorial
results about the combinatorial structure of matroid simplicial complexes.

Stanley [1977] conjectured that the s-vector of a matroid simplicial complex is
a pure O-sequence. Broadly speaking, the /#-vector of a graph (or more generally a
simplicial complex) encodes combinatorial information about its number of vertices
and edges (respectively, the number of vertices, edges, and higher-dimensional faces
in a simplicial complex), and a (pure) O-sequence is the degree sequence of a (pure)
family of monomials that is closed under divisibility. Thus Stanley’s conjecture
would impose extra structure on the number of vertices and edges that a graph in
this family can have (or the number of vertices, edges, and higher-dimensional
faces for the family of simplicial complexes).

Chari proved that all matroid simplicial complexes are PS ear-decomposable
and used this extra structure to prove a number of results on i-vectors of matroid
complexes. Thus it seems natural to conjecture that the h-vector of a PS ear-
decomposable simplicial complex is a pure O-sequence [Chari 1997, Conjecture 3],
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meaning that Stanley’s conjecture would hold for this larger class of simplicial
complexes.

In this paper, we focus our attention on the family of PS ear-decomposable
graphs, which contains the family of all rank-2 matroids. The family of rank-2
matroids corresponds exactly to the family of complete multipartite graphs; but, as
we will see, the family of PS ear-decomposable graphs is considerably larger. For
any PS ear-decomposable graph I', we will define a canonical PS ear-decomposable
graph ¥(I") with the same number of vertices and edges as I', called a shifted PS
ear-decomposable graph. Having defined this shifted PS ear-decomposable graph,
it will be easy to find a corresponding pure multicomplex whose F-vector is the
h-vector of ¥(I'). This approach of defining a shifting algorithm as a means of
preserving combinatorial data while simplifying the algebraic or geometric structure
of a simplicial complex is not new, and we refer to [Kalai 2002] and the references
therein for further information. It is our hope that the shifting approach presented
in this paper could be generalized to higher-dimensional PS ear-decomposable
simplicial complexes as an alternative approach to solving Stanley’s conjecture.

2. Background and definitions

We will be interested in studying two families of combinatorial objects in this paper.
The first is the family of PS ear-decomposable graphs, and the second is the family
of pure multicomplexes.

2.1. Graphs and PS ear-decompositions. In this paper we only consider finite,
simple graphs, which we typically denote by I'. The most natural combinatorial
data that can be counted for a graph I' are its number of vertices and edges, which
we denote by fo(I') and f(I") respectively. Here the subscripts indicate that a
vertex is zero-dimensional and an edge is one-dimensional when we draw a graph.
We are interested in studying certain integer linear transformations of these numbers,
which are called the i-numbers of I'. The h-numbers are defined by

ho() =1, h(T) = fo(I') =2, ha(I') = f1(T) — fo(T) + 1.

Notice that fi(I") = ho(I") + h1(I") + ho(T") and fo(I'") = A1 (T") + 2, so knowing
the ~A-numbers of I" is equivalent to knowing the number of vertices and edges in I.
We encode the A-numbers of I" in a vector called the h-vector, which is defined as
h(I') = (ho(T"), h ("), ha(I)).

Following [Chari 1997], we will study a certain family of simple graphs known
as PS! ear-decomposable graphs, which are defined inductively as follows.

I Chari chose the name “PS ear-decomposable simplicial complexes” because products of simplices
and their boundaries are fundamental to the construction.
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PS cycle | h-vector PS ear h-vector contribution
Type 1
1,1, 1) 0,1,1)
Type 2
(1,2, 1) o——o0 0,0,1)

Table 1. PS cycles and ears.

A PS cycle is a graph that is either a 3-cycle or a 4-cycle. A PS ear is a graph
that is either a path of length two or a path of length one (a single edge). We call
these PS ears of Type 1 and PS ears of Type 2 respectively. The boundary of a PS
ear is defined as the set of vertices that are only incident to a single edge. It may
seem counterintuitive to define an ear of Type 1 as a path of length two and an ear
of Type 2 as a path of length one, but it will be more natural to consider ears of
Type 1 first in our constructions later in the paper. Table 1 illustrates all possible
PS cycles and PS ears. When illustrating PS ear-decompositions of graphs, we will
adopt the practice of drawing the boundary vertices of a PS ear as unfilled circles
and drawing all other vertices as filled circles.

Definition 2.1 [Chari 1997, Section 3.3]. A graph I' is PS ear-decomposable if it
can be decomposed as a union of the form I' = gU X, U - - - U X, such that

(1) XpisaPScycle,
(2) ¥jisaPSearforall 0 < j <m,and

(3) the intersection X; N | X; consists precisely of the boundary vertices of X
forall0 < j <m. </

One advantage to studying PS ear-decomposable graphs is that their 4-vectors can
also be computed inductively in terms of the ears of the decomposition. Specifically,
adding an ear of Type 1 adds one vertex and two new edges to the graph, so it
contributes (0, 1, 1) to the s-vector. Similarly, adding an ear of Type 2 adds one
edge and zero vertices to the graph, so it contributes (0, 0, 1) to the A-vector.

Example 2.2. Consider the graph I" on the top of page 746.
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Since I' has 6 vertices and 11 edges, we can directly compute 2(I") = (1, 4, 6).
We can also compute /~(I") in terms of the given PS ear-decomposition:

hIT)=(1,1,1)4+(,1,1)+(0,1,1)4+ (0, 1,1)4+ (0,0, 1)+ (0,0, 1) = (1, 4, 6).

We note that not all graphs are PS ear-decomposable (e.g., a tree or a graph
containing an induced cycle of length at least five), and some graphs may admit
several combinatorially distinct PS ear-decompositions. The family of graphs that
are matroid simplicial complexes is precisely the family of complete multipartite
graphs, while the family of PS ear-decomposable graphs is larger, as is exhibited in
Example 2.2. Furthermore, any PS ear-decomposable graph is 2-connected, and a
classical theorem of Whitney [1932, Theorem 19] states that any 2-connected graph
admits an ear-decomposition. This definition extends that of a PS ear-decomposition
by allowing one to begin with a cycle of arbitrary length (not just a 3-cycle or
4-cycle) and inductively attach paths of arbitrary length (not just paths of length
one or two) along their boundary vertices. Thus the family of PS ear-decomposable
graphs properly contains the family of all rank-2 matroids, and is properly contained
within the family of all 2-connected graphs.

2.2. Multicomplexes. A collection of monomials Jl in the variables xg, x1, ..., x;
is called a multicomplex if, whenever u € Jl and v divides u, then v € Jl as well.
The name multicomplex comes from the fact that a simplicial complex is a family
of sets that is closed under inclusion, so a multicomplex is a multiset analog of a
simplicial complex. We refer to [Stanley 1996, Section 11.2] for more information.

We say that a multicomplex Jl has rank d if d is the maximal degree of any
monomial in M. A multicomplex A is pure of rank d if each monomial in Jt divides
into some monomial of degree d in Jl.

For a given multicomplex Jl of rank d, we gather combinatorial data on Jit
in the form of the F-vector, written F (M) = (Fo(M), Fi(M), ..., Fz(M)), where
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degree monomials
2 xg x12 x% x32 X0X1  XoX2
1 Xo X1 X3 X3
0 1

Table 2. A pure multicomplex with F-vector (1,4, 6).

F;(M) counts the number of monomials of degree j in Jl. An integer vector
F = (Fy, F1, ..., Fy) is a (pure) O-sequence if there is a (pure) multicomplex Jl
such that F = F ().

Example 2.3. The vector F = (1, 3, 1) is an O-sequence, but not a pure O-sequence.
The multicomplex M = {1, xg, x1, X2, xox1} has F-vector F (M) = (1,3, 1), but F
is not a pure O-sequence since a pure multicomplex with one monomial of degree
two supports at most two monomials of degree one.

Example 2.4. The vector (1, 4, 6) is a pure O-sequence. Table 2 exhibits a pure
multicomplex whose F'-vector is (1, 4, 6).

3. h-vectors of PS ear-decomposable graphs

Stanley [1977] conjectured that the s-vector of any matroid simplicial complex is a
pure O-sequence. We will not define matroid simplicial complexes or their /#-vectors
here, but we refer to [Stanley 1996] for further details. Chari [1997] proved that any
matroid simplicial complex is PS ear-decomposable, a definition that specializes to
the given Definition 2.1 for graphs. Our main contribution in this paper is to show
that Stanley’s conjecture continues to hold for PS ear-decomposable graphs.

Theorem 3.1. Let T" be a PS ear-decomposable graph on n+ 3 vertices. Then there
is a pure multicomplex M such that h(I') = F (M). Moreover, there is a canonical
PS ear-decomposable graph ¥ (I") such that

() h(T) =hEFT)),
(2) the vertices of ¥(I") are labeled as {u, v, xo, x1, ..., X,}, and

(3) the multicomplex M arises naturally from the PS ear-decomposition of (I")
as a pure multicomplex on {xg, X1, ..., Xp}.

Proof. We will prove Theorem 3.1 in two main steps. The first step is motivated
by the observation that the A-vector of a PS ear-decomposable graph I" depends
only on the types of ears that are used in the PS ear-decomposition of I" and is
independent of the how these ears are attached. We begin by defining the graph
F(I'), which we call a shifted PS ear-decomposable graph.
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Let I" be a PS ear-decomposable graph on n + 3 vertices with PS ear-decomposi-
tion'=3%oUX1U---UX,. Forany 0 < j <m,letI'; :=2XoUXU---UX; We
define a new PS ear-decomposable graph &(I") satisfying conditions (1) and (2) of
Theorem 3.1 by induction on the number of ears in the PS ear-decomposition of I".

If Xy is a 3-cycle, we define ¥(I")¢ to be a 3-cycle whose vertices are labeled
u, v, and xo. On the other hand, if X is a 4-cycle, we define ¥(I")g to be 4-cycle
whose vertices are cyclically labeled u, v, xg, and x; as follows.

XO v

xl u

For 0 < j < m, suppose we have inductively constructed a PS ear-decomposable
graph ¥(I') ;_; that satisfies conditions (1) and (2) of Theorem 3.1. Suppose the
vertices of (I') j_; are labeled as {u, v, xo, x1, ..., x;}. If £; is a PS ear of Type 1,
we obtain ¥(I') ; from #(I") j_; by adding a new vertex labeled x; 1 that is adjacent
to vertices u and v. Otherwise, if X; is a PS ear of Type 2, observe that there is a
missing edge in F(I') j_; because (i) F(I') j_1 has the same number of vertices and
edges as I';_; and (ii) I'; is obtained from I';_; by adding a single edge. To form
F(I') j, we add the lexicographically smallest missing edge to #(I") j_; according
to the alphabet order u < v < xg < x1 < --- < x,. Recall that an edge {a, b} with
a < b precedes an edge {c, d} with ¢ < d lexicographically if either a < ¢, ora =c¢
and b < d. By our construction it is clear that 2(I';) = h(F(I') ;).

In order to complete the proof of Theorem 3.1, we need to show that £ (¥ ("))
is a pure O-sequence. Again, this will follow by induction on the number of ears
in the PS ear-decomposition of I". For each 0 < j < m, we will construct a pure
multicomplex Jit; such that F(J;) = h(F(T);).

We begin with the PS cycle Xg. If Xy is a 3-cycle, then £(Xg) = (1, 1, 1), which
is the F-vector of the pure multicomplex My = {1, xo, xg}. On the other hand, if X
is a 4-cycle, then h(Xg) = (1, 2, 1), which is the F-vector of the pure multicomplex
Mo = {1, x0, x1, x0x1}.

Inductively, for 0 < j < m, suppose we have constructed a pure multicomplex
J ;1 on variables {xo, ..., x;} such that F/(M;_1) =h(F(");_1). We define a pure
multicomplex .l ; such that F(M;) = h(F(I");) as follows:

() If X; is a PS ear of Type 1, define M ; := M ;1 U{x;41, xl.2+1}. Clearly F(M;) =
F(;—1)+ (0,1, 1), and hence h(F(I') ;) = F(M;). Moreover, it is clear that J ;
is a pure multicomplex since .Il; | was a pure multicomplex, and we have added a
new monomial of degree one and its square.
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(2) If ¥; is a PS ear of Type 2, define Jl; := M ;1 UX, where we define & according
to the following rule.

(a) If the missing edge added to F(I") ;1 has the form {x;, x,}, then & := {xrx,}.
In this case, JIt; is a multicomplex because the monomials of degree one that
divide xix¢, which are x; and x;, belong to Jit;_; by construction; and JL; is
pure because we have simply added another monomial of maximal degree.

(b) If the missing edge added to F(I') ;1 is {u, xo}, then & := {xg}; if the missing
edge is {v, x1}, then & := {x12}. This only arises in the case that X is a 4-cycle.
The monomials xg and x12 do not belong to Jly in this case, but their divisors,
xo and x; respectively, do. Thus Jl; is a multicomplex, and it is pure because
we have only added a monomial of maximal degree to Jl;_;.

In either case, it is again clear that F'(Ml;) = F(M;_1) + (0,0, 1) so h(F(");) =
F(L;).

This construction of the resulting pure multicomplex Jl is well-defined because
we do not allow multiple edges in our graphs. In the case that ¥ is a 3-cycle, a
monomial x,f is introduced when the corresponding vertex labeled x; is introduced,
and this only happens when an ear of Type 1 is attached. Otherwise, all other
monomials that are introduced have the form x;x, with k # ¢, and correspond to
an edge {xt, x,} being introduced to the graph. The same argument applies when
Y is a 4-cycle except that xg and x12 are introduced to the multicomplex when the
edges {v, xo} and {u, x;} are introduced. U

Here, we say that the graph ¥ (I") is shifted for the following reason. At each
step in the PS ear-decomposition, an ear is attached in such a way that its boundary
vertices are the lexicographically smallest pair of vertices that support the required
type of ear when we order the vertices u < v < xg < --- < X,.

Example 3.2. Let I" be the PS ear-decomposable graph presented in Example 2.2.
The shifted PS ear-decomposable graph ¥ (I") is shown in Figure 2. We exhibit the
PS ear-decomposition outlined in Theorem 3.1, as well as the corresponding pure
multicomplex encoded by ¥(I') in Figure 3.

\

"). “

Figure 2. The shifted graph ¥ (I").
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u u u u Xy X2

Ears q U > U > U > u | U
v v v v Xo Xo
Monomials | {I,xo,x3} U  {x,x}} U  {x,x3} U  {x,x2} U {xgx} U {xx,)

Figure 3. Decomposing the shifted graph ¥ (I").

References

[Chari 1997] M. K. Chari, “Two decompositions in topological combinatorics with applications
to matroid complexes”, Trans. Amer. Math. Soc. 349:10 (1997), 3925-3943. MR 98g:52023

Zbl 0889.52013

[Kalai 2002] G. Kalai, “Algebraic shifting”, pp. 121-163 in Computational commutative algebra and
combinatorics (Osaka, 1999), edited by H. Takayuki, Adv. Stud. Pure Math. 33, Math. Soc. Japan,
Tokyo, 2002. MR 2003e:52024 Zbl 1034.57021

[Stanley 1977] R. P. Stanley, “Cohen—Macaulay complexes”, pp. 51-62 in Higher combinatorics
(Berlin, 1976), edited by M. Aigner, NATO Adyv. Study Inst. Ser., Ser. C: Math. and Phys. Sci. 31,
Reidel, Dordrecht, 1977. MR 58 #28010 Zbl 0376.55007

[Stanley 1996] R. P. Stanley, Combinatorics and commutative algebra, 2nd ed., Progress in Mathe-
matics 41, Birkhéuser, Boston, 1996. MR 98h:05001 Zbl 0838.13008

[Whitney 1932] H. Whitney, “Non-separable and planar graphs”, Trans. Amer. Math. Soc. 34:2 (1932),
339-362. MR 1501641 Zbl 0004.13103

Received: 2013-06-29

imani.nima@gmail.com

johns193@seattleu.edu

keelingg@seattleu.edu

klees@seattleu.edu

pincknel@seattleu.edu

mathematical sciences publishers

Revised: 2013-10-07 Accepted: 2013-12-23

Department of Mathematics, University of Washington,
Box 354350, Seattle, WA 98195, United States

Department of Mathematics, Seattle University,
901 12th Avenue, Seattle, WA 98122, United States

Department of Mathematics, Seattle University,
901 12th Avenue, Seattle, WA 98122, United States

Department of Mathematics, Seattle University,
901 12th Avenue, Seattle, WA 98122, United States

Department of Mathematics, Seattle University,
901 12th Avenue, Seattle, WA 98122, United States

:'msp


http://dx.doi.org/10.1090/S0002-9947-97-01921-1
http://dx.doi.org/10.1090/S0002-9947-97-01921-1
http://msp.org/idx/mr/98g:52023
http://msp.org/idx/zbl/0889.52013
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.26.2796
http://msp.org/idx/mr/2003e:52024
http://msp.org/idx/zbl/1034.57021
http://www-math.mit.edu/~rstan/pubs/pubfiles/34.pdf
http://msp.org/idx/mr/58:28010
http://msp.org/idx/zbl/0376.55007
http://dx.doi.org/10.1007/b139094
http://msp.org/idx/mr/98h:05001
http://msp.org/idx/zbl/0838.13008
http://dx.doi.org/10.2307/1989545
http://msp.org/idx/mr/1501641
http://msp.org/idx/zbl/0004.13103
mailto:imani.nima@gmail.com
mailto:johns193@seattleu.edu
mailto:keelingg@seattleu.edu
mailto:klees@seattleu.edu
mailto:pinckne1@seattleu.edu
http://msp.org

Colin Adams

John V. Baxley
Arthur T. Benjamin
Martin Bohner
Nigel Boston
Amarjit S. Budhiraja
Pietro Cerone
Scott Chapman
Joshua N. Cooper
Jem N. Corcoran
Toka Diagana
Michael Dorff
Sever S. Dragomir
Behrouz Emamizadeh
Joel Foisy

Errin W. Fulp
Joseph Gallian
Stephan R. Garcia
Anant Godbole
Ron Gould
Andrew Granville
Jerrold Griggs

Sat Gupta

Jim Haglund
Johnny Henderson
Jim Hoste

Natalia Hritonenko
Glenn H. Hurlbert
Charles R. Johnson
K. B. Kulasekera

Gerry Ladas

involve

msp.org/involve

EDITORS
MANAGING EDITOR
Kenneth S. Berenhaut, Wake Forest University, USA, berenhks@wfu.edu

BOARD OF EDITORS

Williams College, USA
colin.c.adams @williams.edu

‘Wake Forest University, NC, USA
baxley @wfu.edu

Harvey Mudd College, USA
benjamin@hmc.edu

Missouri U of Science and Technology, USA
bohner@mst.edu

University of Wisconsin, USA
boston @math.wisc.edu

U of North Carolina, Chapel Hill, USA
budhiraj@email.unc.edu

La Trobe University, Australia
P.Cerone@latrobe.edu.au

Sam Houston State University, USA
scott.chapman @shsu.edu
University of South Carolina, USA
cooper@math.sc.edu

University of Colorado, USA
corcoran@colorado.edu

Howard University, USA
tdiagana@howard.edu

Brigham Young University, USA
mdorff@math.byu.edu

Victoria University, Australia
sever@matilda.vu.edu.au

The Petroleum Institute, UAE
bemamizadeh @pi.ac.ae

SUNY Potsdam

foisyjs @potsdam.edu

Wake Forest University, USA
fulp@wfu.edu

University of Minnesota Duluth, USA
jgallian@d.umn.edu

Pomona College, USA
stephan.garcia@pomona.edu

East Tennessee State University, USA
godbole @etsu.edu

Emory University, USA
rg@mathcs.emory.edu

Université Montréal, Canada
andrew @dms.umontreal.ca
University of South Carolina, USA
griggs @math.sc.edu

U of North Carolina, Greensboro, USA
sngupta@uncg.edu

University of Pennsylvania, USA
jhaglund @math.upenn.edu

Baylor University, USA
johnny_henderson@baylor.edu
Pitzer College

jhoste @pitzer.edu

Prairie View A&M University, USA
nahritonenko @pvamu.edu

Arizona State University,USA
hurlbert@asu.edu

College of William and Mary, USA
crjohnso@math.wm.edu

Clemson University, USA
kk@ces.clemson.edu

University of Rhode Island, USA
gladas @math.uri.edu

David Larson
Suzanne Lenhart
Chi-Kwong Li
Robert B. Lund
Gaven J. Martin
Mary Meyer

Emil Minchev
Frank Morgan
Mohammad Sal Moslehian
Zuhair Nashed

Ken Ono

Timothy E. O’Brien
Joseph O’Rourke
Yuval Peres

Y.-E. S. Pétermann
Robert J. Plemmons
Carl B. Pomerance
Vadim Ponomarenko
Bjorn Poonen
James Propp
Jozeph H. Przytycki
Richard Rebarber
Robert W. Robinson
Filip Saidak

James A. Sellers
Andrew J. Sterge
Ann Trenk

Ravi Vakil

Antonia Vecchio
Ram U. Verma
John C. Wierman

Michael E. Zieve

PRODUCTION
Silvio Levy, Scientific Editor

Texas A&M University, USA
larson @math.tamu.edu

University of Tennessee, USA
lenhart@math.utk.edu

College of William and Mary, USA
ckli@math.wm.edu

Clemson University, USA
lund@clemson.edu

Massey University, New Zealand
g.j.martin@massey.ac.nz
Colorado State University, USA
meyer @stat.colostate.edu

Ruse, Bulgaria

eminchev @hotmail.com

Williams College, USA
frank.morgan @williams.edu
Ferdowsi University of Mashhad, Iran
moslehian@ferdowsi.um.ac.ir
University of Central Florida, USA
znashed @mail.ucf.edu

Emory University, USA
ono@mathcs.emory.edu

Loyola University Chicago, USA
tobriel @luc.edu

Smith College, USA

orourke @cs.smith.edu

Microsoft Research, USA

peres @microsoft.com

Université de Geneéve, Switzerland
petermann @math.unige.ch

Wake Forest University, USA
plemmons @wfu.edu

Dartmouth College, USA
carl.pomerance @dartmouth.edu
San Diego State University, USA
vadim@sciences.sdsu.edu

UC Berkeley, USA
poonen@math.berkeley.edu

U Mass Lowell, USA
jpropp@cs.uml.edu

George Washington University, USA
przytyck@gwu.edu

University of Nebraska, USA
rrebarbe @math.unl.edu
University of Georgia, USA
rwr@cs.uga.edu

U of North Carolina, Greensboro, USA
f_saidak @uncg.edu

Penn State University, USA
sellersj @math.psu.edu

Honorary Editor

andy @ajsterge.com

Wellesley College, USA

atrenk @wellesley.edu

Stanford University, USA
vakil@math.stanford.edu
Consiglio Nazionale delle Ricerche, Italy
antonia.vecchio@cnr.it

University of Toledo, USA
verma99 @msn.com

Johns Hopkins University, USA
wierman @jhu.edu

University of Michigan, USA
zieve @umich.edu

See inside back cover or msp.org/involve for submission instructions. The subscription price for 2014 is US $120/year for the electronic version, and
$165/year (+$35, if shipping outside the US) for print and electronic. Subscriptions, requests for back issues from the last three years and changes
of subscribers address should be sent to MSP.

Involve (ISSN 1944-4184 electronic, 1944-4176 printed) at Mathematical Sciences Publishers, 798 Evans Hall #3840, c/o University of California,
Berkeley, CA 94720-3840, is published continuously online. Periodical rate postage paid at Berkeley, CA 94704, and additional mailing offices.

Involve peer review and production are managed by EditFLow® from Mathematical Sciences Publishers.

PUBLISHED BY
:- mathematical sciences publishers
nonprofit scientific publishing

http://msp.org/
© 2014 Mathematical Sciences Publishers


http://msp.org/involve
mailto:berenhks@wfu.edu
mailto:colin.c.adams@williams.edu
mailto:baxley@wfu.edu
mailto:benjamin@hmc.edu
mailto:bohner@mst.edu
mailto:boston@math.wisc.edu
mailto:budhiraj@email.unc.edu
mailto:P.Cerone@latrobe.edu.au
mailto:scott.chapman@shsu.edu
mailto:cooper@math.sc.edu
mailto:corcoran@colorado.edu
mailto:tdiagana@howard.edu
mailto:mdorff@math.byu.edu
mailto:sever@matilda.vu.edu.au
mailto:bemamizadeh@pi.ac.ae
mailto:foisyjs@potsdam.edu
mailto:fulp@wfu.edu
mailto:jgallian@d.umn.edu
mailto:stephan.garcia@pomona.edu
mailto:godbole@etsu.edu
mailto:rg@mathcs.emory.edu
mailto:andrew@dms.umontreal.ca
mailto:griggs@math.sc.edu
mailto:sngupta@uncg.edu
mailto:jhaglund@math.upenn.edu
mailto:johnny_henderson@baylor.edu
mailto:jhoste@pitzer.edu
mailto:nahritonenko@pvamu.edu
mailto:hurlbert@asu.edu
mailto:crjohnso@math.wm.edu
mailto:kk@ces.clemson.edu
mailto:gladas@math.uri.edu
mailto:larson@math.tamu.edu
mailto:lenhart@math.utk.edu
mailto:ckli@math.wm.edu
mailto:lund@clemson.edu
mailto:g.j.martin@massey.ac.nz
mailto:meyer@stat.colostate.edu
mailto:eminchev@hotmail.com
mailto:frank.morgan@williams.edu
mailto:moslehian@ferdowsi.um.ac.ir
mailto:znashed@mail.ucf.edu
mailto:ono@mathcs.emory.edu
mailto:tobrie1@luc.edu
mailto:orourke@cs.smith.edu
mailto:peres@microsoft.com
mailto:petermann@math.unige.ch
mailto:plemmons@wfu.edu
mailto:carl.pomerance@dartmouth.edu
mailto:vadim@sciences.sdsu.edu
mailto:poonen@math.berkeley.edu
mailto:jpropp@cs.uml.edu
mailto:przytyck@gwu.edu
mailto:rrebarbe@math.unl.edu
mailto:rwr@cs.uga.edu
mailto:f_saidak@uncg.edu
mailto:sellersj@math.psu.edu
mailto:andy@ajsterge.com
mailto:atrenk@wellesley.edu
mailto:vakil@math.stanford.edu
mailto:antonia.vecchio@cnr.it
mailto:verma99@msn.com
mailto:wierman@jhu.edu
mailto:zieve@umich.edu
http://msp.org/involve
http://msp.org/
http://msp.org/

Involve

2014 vol. 7 no. 6

A median estimator for three-dimensional rotation data
MELISSA BINGHAM AND ZACHARY FISCHER
Numerical results on existence and stability of steady state solutions
for the reaction-diffusion and Klein—Gordon equations
MILES ARON, PETER BOWERS, NICOLE BYER, ROBERT
DECKER, ASLIHAN DEMIRKAYA AND JUN HWAN RYyU
The h-vectors of PS ear-decomposable graphs
NIMA IMANI, LEE JOHNSON, MCKENZIE
KEELING-GARCIA, STEVEN KLEE AND CASEY PINCKNEY
Zero-inflated Poisson (ZIP) distribution: parameter estimation and
applications to model data from natural calamities
SADIE BECKETT, JOSHUA JEE, THAPELO NCUBE, SOPHIA
POMPILUS, QUINTEL WASHINGTON, ANSHUMAN SINGH
AND NABENDU PAL
On commutators of matrices over unital rings
MICHAEL KAUFMAN AND LILLIAN PASLEY
The nonexistence of cubic Legendre multiplier sequences
TAMAS FORGACS, JAMES HALEY, REBECCA MENKE AND
CARLEE SIMON
Seating rearrangements on arbitrary graphs
DARYL DEFORD
Fibonacci Nim and a full characterization of winning moves
CoDY ALLEN AND VADIM PONOMARENKO

713

723

743

751

769

773

787

807

1944-4176(2014)7:6;1-3



	1. Introduction
	2. Background and definitions
	2.1. Graphs and PS ear-decompositions
	2.2. Multicomplexes

	3. h-vectors of PS ear-decomposable graphs
	References
	
	

