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Welcome!

This is the fourth time the ACCMCC has been hosted in Perth, having previously
been at UWA and/or Curtin University in the years 1984, 1992, and 2001. There are
more than 100 registrants for this year, making it the largest ACCMCC to be hosted in
Western Australia. We wish you an interesting and exciting conference, and a pleasant
stay in Perth.

The organisers:
John Bamberg

Alice Devillers
Michael Giudici

Irene Pivotto
Gordon Royle

Eric Swartz
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Sunday

Monadelphous ILC
17:00 – 19:00 Welcome reception and registration

Monday

Weatherburn LT Monadelphous Blakers LT
8.00 – 8.45 Registration
8.45 – 9.00 Opening address

(W/Prof Alan Dench)
9.00 – 10:00 Dillon Mayhew 9

10.00 – 10.30 Morning tea
10.30 – 11.00 Brettell 22 Silaban 88 Elder 31
11.00 – 11.30 Clark 26 Simanjuntak 89 Fawcett 33
11.30 – 12.00 Funk 34 Kwan 56 S. Zhou 106
12.00 – 12.30 Welsh 101 Naor 69 Glynn 38
12.30 – 14.30 Lunch break
14.30 – 15.30 Nick Wormald 12
15.30 – 16.00 Afternoon tea
16.00 – 16.30 Grubman 40 Garoni 35 Ioppolo 47
16.30 – 17.00 Hoyte 45 Roberson 82 Hawtin 42
17.00 – 17.30 Herke 43 Leopardi 58 Maruta 63

Evening: Beach trip to Cottesloe.

Tuesday

Weatherburn LT Monadelphous Blakers LT
9.00 – 10:00 Vida Dujmović 6

10.00 – 10.30 Morning tea
10.30 – 11.00 Rao 81 – Kaemawichanurat 49
11.00 – 11.30 Guo 41 Glasby 36 Krzywkowski 55
11.30 – 12.00 Lehner 57 Glen 37 Afzaly 18
12:00 – 12:30 S. Smith 92 Simpson 90 Pettersson 74
12.30 – 14.30 Lunch break
14.30 – 15.30 Bill Martin 8
15.30 – 16.00 Afternoon tea
16.00 – 16.30 Ogata 72 Barát 20 Zemljič 104
16.30 – 17.00 Connor 28 Bong 21 Acan 17
17.00 – 17.30 CMSA AGM

1



Contents 2

Wednesday

Weatherburn LT Monadelphous Blakers LT
9.00 – 10:00 Matt DeVos 5

10.00 – 10.30 Morning tea
10.30 – 11.00 Mo 66 Tai 95 Seberry 85
11.00 – 11.30 Shiromoto 87 Hui 46 Tan 96
11.30 – 12.00 Chen 24 Raithel 79 Awyzio 19
12.00 – 12:30 Nelson 70 Wong 102 Corr 29
12.30 – 14.00 Lunch break
14.00 – 17.00 Excursion

Thursday

Weatherburn LT Monadelphous Blakers LT
9.00 – 10:00 Primož Potočnik 10

10.00 – 10.30 Morning tea
10.30 – 11.00 L. Morgan 68 Raass 78 Kimura 52
11.00 – 11.30 Verret 99 Mahamendige 60 Kamibeppu 50
11.30 – 12.00 J. X. Zhou 105 Marbach 62 M. Smith 91
12.00 – 12.30 Mani 61 Demirkale 30 Minchenko 65
12.30 – 14.30 Lunch break
14.30 – 15.30 Tamás Szőnyi 11
15.30 – 16.00 Afternoon tea
16.00 – 16.30 Ushio 98 Swartz 94 K. Morgan 67
16.30 – 17.00 Kobayashi 53 Schmidt 84 Greenhill 39
17.00 – 17.30 Cavenagh 23 Praeger 77 Ramadurai 80

18.30: Conference dinner (UniClub)

Friday

Weatherburn LT Monadelphous Blakers LT
9.00 – 10:00 Graham Farr 7

10.00 – 10.30 Morning tea
10.30 – 11.00 Wood 103 Maenhaut 59 Horsley 44
11.00 – 11.30 Pivotto 76 Pineda-Villavicencio 75 Ó Catháin 71
11.30 – 12.00 Chiba 25 Conder 27 Roberts 83
12.00 – 14.00 Lunch break
14:00 – 14:30 Wanless 100 Semple 86
14.30 – 15.00 Faller 32 Sugeng 93
15.00 – 15.30 McKay 64 Jensen 48
15.30 – 16.00 Afternoon tea

18:00: Survivors party
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Critical product sets
Matt DeVos

Simon Fraser University, Burnaby BC, Canada

One of the central subjects in combinatorial number theory is pairs of finite subsets
A,B of a (multiplicative) groupG for which the product setAB = {ab | a ∈ A and b ∈ B}
is small. The investigation of small product sets began with a theorem of Cauchy and
Davenport which provides a useful lower bound on |AB| whenever |G| is prime. This
was generalized by Kneser, who found a natural lower bound on |AB| for every abelian
group G. We describe a further generalization which holds in an arbitrary group.

A product set is called critical if it satisfies the extreme condition |AB| < |A| + |B|.
Vosper extended the Cauchy-Davenport Theorem by characterizing all critical product
sets in the case when |G| is prime. Then, Kemperman extended Kneser’s Theorem by
classifying all critical product sets for abelian groups G. In this talk we describe the
characterization of critical product sets for an arbitrary group G. In fact, our aforemen-
tioned general lower bound on |AB| is derived as a corollary of this characterization.

mdevos@sfu.ca Plenary talks
Schedule

5

mailto:mdevos@sfu.ca


Chapter 1. Invited talks 6

3D drawings of graphs
Vida Dujmović

University of Ottawa, Ottawa, Canada

A 3D grid drawing of a graph is a geometric representation of the graph where ver-
tices are represented by points that have integer coordinates and edges by line seg-
ments that that do not cross. Whether planar graphs have linear volume 3D grid
drawings is a long-standing, and still unsettled, open problem. The problem is re-
lated to some other conjectures in mathematics. I will present some recent advances
on this problem made possible by a special type of graphs separators.

vida.dujmovic@uottawa.ca Plenary talks
Schedule

6

mailto:vida.dujmovic@uottawa.ca


Chapter 1. Invited talks 7

Minors and Tutte invariants for alternating
dimaps
Graham Farr

Monash University

A graph H is a minor of a graph G if it can be obtained from G by a sequence of
deletions and/or contractions of edges. Minors play a central role in graph theory,
in characterising graph properties and in counting various structures associated with
graphs. The theory of minors is intimately related to duality in graphs and matroids.

The foundations of the modern theory of minors were laid by Tutte, and have their
historical roots in his famous 1940 paper (with Brooks, Smith and Stone) on “squaring
the square”.

Tutte published a lesser known paper, on “triangulating the triangle”, in 1948,
which introduced a generalisation of duality, called triality or trinity, which applies
to alternating dimaps (i.e., orientably embedded digraphs in which the edges incident
at a vertex are directed alternately into, and out of, the vertex).

This talk will describe a theory of minors for alternating dimaps, based on three
fundamental operations related by Tutte’s triality. The theory has many analogies with
standard minor theory. However, these minor operations are non-commutative. This
makes their theory more difficult, but we are still able to establish some of the kinds of
results one would hope for in a theory of minors, such as excluded minor characteri-
sations and enumerative invariants that obey linear recurrence relations analogous to
the deletion-contraction relation for the Tutte polynomial.

We will also mention connections with other combinatorial contexts in which minor-
type operations, related by a triality, have been defined and studied.

Graham.Farr@monash.edu Plenary talks
Schedule
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Polynomial ideals from combinatorial objects
William J. Martin

WPI

Let X ⊂ Rm be a spherical code (i.e., a finite subset of the unit sphere) and consider
the ideal of all polynomials in m variables which vanish on X . When X comes from a
regular combinatorial object (e.g., an association scheme or block design), we wish to
determine certain properties of this ideal. For example, given X , we wish to determine
(i) the smallest degree of a non-trivial polynomial in the ideal, and (ii) the smallest k
for which the ideal admits a generating set of polynomials all of degree k or less.

We will discuss graphs, block designs, and spherical designs, as time permits. In
particular, we will provide generating sets for the ideals arising from the shortest vec-
tors of the E6, E7 and E8 lattices as well as the Leech lattice. As it turns out, in all four
cases, the two values, (i) and (ii) above, coincide. This prompts us to ask when the two
numbers are equal. But there are many other open questions as well.

Part of this talk is based on joint work with my student Corre Steele and another
part is taken from joint work with Doug Stinson.

martin@wpi.edu Plenary talks
Schedule
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Some approaches to characterising
representable matroids

Dillon Mayhew
Victoria University of Wellington, New Zealand

Matroids are the abstract objects that lie behind various notions of dependence (lin-
ear, geometric, algebraic), in the same way that topologies lie behind various notions
of continuity. More specifically, a matroid consists of a finite collection of points, and
a distinguished family of dependent subsets. If we take a finite collection of vectors
from a vector space (over a field, F), and distinguish the linearly dependent subsets,
then the result is a matroid, and we say that such a matroid is representable (over F).
The original motivating problem in matroid theory involves deciding which matroids
are representable and which are not. A large fraction of the research in the area has
been driven by this problem.

This talk will be an introduction to matroid theory, and an examination of two dif-
ferent methods for characterizing representable matroids. The first method involves
excluded-minors. Matroid minors are exact analogues of graph minors: we can remove
an element from a matroid by deleting or contracting it, and any matroid produced by
a sequence of these operations is called a minor. The class of matroids representable
over a field is closed under the operations of deletion and contraction, and therefore
can be characterised by listing the minor-minimal matroids not in the class; that is, the
excluded minors for the class. This approach is analogous to the Kuratowski-Wagner
characterisation of planar graphs. The second approach to characterising representable
matroids involves the use of formal languages – can we add axioms to the list of ma-
troid axioms in such a way that we exactly capture the class of representable matroids?
This approach has not received nearly as much study, but there have been some recent
developments.

No knowledge of matroids will be assumed.

dillon.mayhew@msor.vuw.ac.nz Plenary talks
Schedule
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How many symmetries can a symmetric graph
have?

Primož Potočnik
University of Ljubljana, Slovenia

(Joint work with Pablo Spiga and Gabriel Verret)

The topic of the talk will be finite connected graphs admitting an automorphism
group that acts transitively on the arcs of the graph. These graphs are traditionally
called symmetric. The main theme of this talk is the following question:

How many automorphisms can a symmetric graph of order n have?

For n ≥ 3, the number of automorphisms of a symmetric graph on n vertices is at
least 2n and at most n!. (These values are sharp, as witnessed by cycles and complete
graphs.)

The story becomes more interesting if one fixes the valence. Clearly, the number of
automorphisms of a symmetric graph of valence k and order n is at least kn (since kn
is the number of arcs), and at most nk

√
(k − 1)!

n−1
(as can be shown without much

trouble).
While this upper bound is quite good for some values of k, it is very far from being

sharp for some others. For example, for every even n at least 6, one can construct
a 4-valent symmetric graph of order n with n

√
2
n

automorphisms, showing that the
above bound is “almost sharp” for k = 4. Similar examples can be constructed for any
composite k.

On the other hand, a classical result of Tutte says that a 3-valent symmetric graph
of order n can have at most 48n automorphisms, and a similar linear bound can be
proved for any prime value of k.

The question: “under what circumstances the order of the automorphism group of
a symmetric graph can be bounded by a linear function of the order of the graph?”
is related to several classical problems, like the Sims conjecture on primitive groups,
the Weiss conjecture on locally primitive graphs, or the Praeger conjecture on locally
quasiprimitive graphs.

On the other hand, not much work has been done on determining which classes of
symmetric graphs admit a polynomial (or even sub-exponential) bound on the order
of their automorphism groups. Some recent results along these lines will be presented
in the talk.

primoz.potocnik@fmf.uni-lj.si Plenary talks
Schedule
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On some combinatorial problems related to
blocking sets

Tamás Szőnyi
Eötvös Loránd University and MTA–ELTE GAC Research Group, Budapest, Hungary

A blocking set (1-cover) in a hypergraph is a set of points which intersects each hy-
peredge. In this talk we shall be interested in blocking sets of geometric structures,
mostly projective planes and spaces. In the first part of the talk we collect results
about multiple blocking sets in projective spaces. A t-fold k-blocking set in PG(n, q)
(or AG(n, q) is just a set of points which intersects each (n − k)-dimensional subspace
in at least t points. In case of multiple blocking sets it is natural to allow points with
multiplicity higher than 1. For example, in a plane of order q the (weighted) sum of two
lines is a double blocking set but we know much less constructions if double points are
not allowed. The main results either give bounds on the size of a multiple blocking set
or say that a t-fold blocking set intersects each (n− k)-dimensional subspace in t mod-
ulo p points, where t is small and p is the characteristic of the underlying field. Typical
techniques include lacunary polynomials, algebraic curves and geometric arguments
such as projection and slicing.

The combinatorial problems mentioned in the title are mainly problems about point
sets in a projective space. We try to focus our attention on colourings of projective
planes (and spaces). Old results about discrepancy and recent results about the upper
chromatic number of planes will be collected.

If time permits, results for blocking sets in other geometric structures and further
applications of blocking sets (e.g. for codes meeting the Griesmer bound) will also be
mentioned.

szonyi@cs.elte.hu Plenary talks
Schedule

11

mailto:szonyi@cs.elte.hu


Chapter 1. Invited talks 12

A new model for analysis of the random graph
d-process
Nick Wormald

Monash University

A graph d-process starts with an empty graph on n vertices, and adds one edge at
each time step, chosen uniformly at random from those pairs which are not yet edges
and whose both vertices have current degree less than d. Erdős posed the question of
finding the distribution of the degree sequence of the vertices in the final graph. Once
upon a time, I showed with Ruciński using a martingale argument that asymptotically
almost surely there is at most one vertex of degree less than d. In this talk I will present
a much more elementary approach to analysing this process which Ruciński and I now
have. It has surprisingly yielded much more accurate information than the earlier
approach, such as good bounds on the time when the last vertex of degree 0 (or i > 0)
disappears, and an asymptotic formula for the probability that the final graph is not
regular.

nick.wormald@monash.edu Plenary talks
Schedule
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Beáta Faller – Switching reconstruction problems for graphs . . . . . . . . . . . 32
Joanna B. Fawcett – Regular orbits of Sn and An on irreducible representations 33
Daryl Funk – The 2-separated excluded minors for the class of frame matroids 34
Tim Garoni – Mixing time of the Swendsen-Wang process on the complete graph 35
S. P. Glasby – Factoring quartic and cubic polynomials over finite fields . . . . 36
Amy Glen – A note on self-maximal numbers . . . . . . . . . . . . . . . . . . . 37
David G. Glynn – Efficient Calculation of the Xq Invariant . . . . . . . . . . . . 38
Catherine Greenhill – On the chromatic number of a random hypergraph . . . . 39
Tony Grubman – Cycle decompositions of de Bruijn graphs for robot identifi-

cation and tracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Krystal Guo – Simple eigenvalues of vertex-transitive graphs . . . . . . . . . . 41
Daniel R. Hawtin – Elusive Codes in Hamming Graphs . . . . . . . . . . . . . . 42
Sarada Herke – Hamilton Path Decompositions of Infinite Circulant Graphs . . 43
Daniel Horsley – Extending Fisher’s inequality to coverings . . . . . . . . . . . 44
Rosalind Hoyte – Perfect 1-Factorisations of Cubic Graphs . . . . . . . . . . . . 45
Alice M.W. Hui – On unitals of even order satisfying Wilbrink’s conditions (I)

and (II) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
Mark Ioppolo – Neighbour-transitive codes induced by geometric maximal

subgroups of the symplectic group . . . . . . . . . . . . . . . . . . . . . . 47

13



Chapter 2. Contributed talks 14

Tommy Jensen – Finding a second Hamilton cycle . . . . . . . . . . . . . . . . . 48
Pawaton Kaemawichanurat – Critical Graphs with Respect to Total Domination

and Connected Domination . . . . . . . . . . . . . . . . . . . . . . . . . . 49
Akira Kamibeppu – The boxicity of generalized Mycielski graphs . . . . . . . . 50
Kenji Kimura – Algorithm for defensive alliance with prescribed vertex in trees 52
Midori Kobayashi – Uniform coverings of 2-paths in the complete graph and

the complete bipartite graph . . . . . . . . . . . . . . . . . . . . . . . . . . 53
Marcin Krzywkowski – On trees with double domination number equal to 2-

domination number plus one . . . . . . . . . . . . . . . . . . . . . . . . . 55
Matthew Kwan – The number of spanning trees in random regular graphs . . . 56
Florian Lehner – Almost all colourings are almost distinguishing . . . . . . . . 57
Paul Leopardi – Representations of Clifford algebras: skew, bent and fractious 58
Barbara Maenhaut – Cycle decompositions, Euler’s formula and face 2-colourable

planar embeddings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Jayama Mahamendige – Autoparatopisms of Quasigroups and Latin squares . . 60
Arun Mani – Correlations and approximate counting in graphs . . . . . . . . . 61
Trent G. Marbach – Intersection of transversals in the Latin square Bn, with

applications to Latin trades. . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Tatsuya Maruta – Extension problem for linear codes . . . . . . . . . . . . . . . 63
Brendan McKay – An update on the switching method for enumeration . . . . 64
Marsha Minchenko – Counting Subgraphs in Strongly Regular Graphs . . . . . 65
Songbao Mo – The Structure of Connectivity Functions . . . . . . . . . . . . . . 66
Kerri Morgan – Algebraic Properties of Chromatic Roots . . . . . . . . . . . . . 67
Luke Morgan – Some semiprimitive groups that are graph-restrictive . . . . . . 68
Alon Naor – Counting bounded degree spanning trees . . . . . . . . . . . . . . 69
Peter Nelson – Counting Flats in a Matroid . . . . . . . . . . . . . . . . . . . . . 70
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A Sharp Threshold for the Connectedness of
Random Permutation Graphs

Hüseyin Acan
Monash University, Melbourne, Australia

(Joint work with Boris Pittel)

A permutation σ of [n] := {1, . . . , n} gives rise to a graph Gσ on the vertex set [n],
where the edges of Gσ correspond to the inversions of σ. Let Gσ(n,m) denote the per-
mutation graph associated with σ(n,m), the permutation chosen uniformly at random
from all permutations of [n] with m inversions. We find a graph growth process, where
we start with no edges and at each step we add an edge, obtaining Gσ(n,m) at the m-th
step. In this process, we find the connectedness threshold for the number of edges in
Gσ(n,m) and find the asymptotic sizes of the smallest and the largest components in a
critical window, where the transition from ‘being disconnected’ to ‘being connected’
occurs with high probability.

huseyin.acan@monash.edu Contributed talks
Schedule
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Efficient Generation of Principal Graph Pairs by
the Method of Canonical Construction Path

S. Narjess Afzaly
Australian National University, Canberra, Australia

(Joint work with Brendan McKay, Scott Morrison and David Penneys)

Generation of all principal graph pairs with a limit on the maximum eigenvalue of
the graphs, can help the classification of subfactors that has applications in the theory
of von Neumann algebras, the theory of subfactors and fusion categories. A subfactor
is an inclusion N ⊂ M of von Neumann algebras with trivial centres. Although for
each subfactor there is an associated principal graph pair, there are some combinato-
rial obstructions for a principal graph pair to be an associated principal graph pair of a
subfactor. A principal graph pair consists of two rooted bipartite graphs with a duality
function on the vertices satisfying some conditions. We have developed a program for
exhaustive generation of principal graph pairs. The algorithm is based on the genera-
tion method of canonical construction path. This method is time and storage efficient
for discarding the isomorphic copies. Our program produces a wider range of princi-
pal graph pairs compared to the previous attempts and hence we are hoping to help
with extending the classification of subfactors of small indices.

narjess.afzaly@anu.edu.au Contributed talks
Schedule
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On the Construction of size 19 Williamson
Matrices
Gene Awyzio

University of Wollongong

In this talk we will discuss some new construction algorithms for Williamson ma-
trices that reduce the complexity and time required to construct these matrices. A size
19 Williamson matrix will be examined in detail to demonstrate the savings.

gene@uow.edu.au Contributed talks
Schedule
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Extremal graphs of large girth in K5-minor-free
graphs
János Barát

Monash University, Melbourne, Victoria

(Joint work with David R. Wood)

We study the following natural extremal question: what is the maximum number
of edges in a K5-minor-free graph with n vertices and girth g?

For g = 4 and n ≥ 5 we show the maximum to be 3n − 9 and we characterise the
extremal graphs.

For g = 5 and n ≥ 4 the answer is 9n−20
5

for two graphs and 9n−21
5

for all other
graphs. We show an infinite family of graphs, for which equality holds.

For g = 8 and n ≥ 9 the answer is 3n−9
2

.
Our proofs rely on Wagner’s decomposition theorem of K5-minor-free graphs and

many other ideas.
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Extremal Graphs with No Triangles and Squares
Novi Herawati Bong

University of Newcastle

(Joint work with Mirka Miller, Joe Ryan, Kiki A. Sugeng)

Extremal graph theory includes problems of determining the maximum number of
edges in a graph on n vertices that contains no forbidden subgraphs. We consider only
simple graphs with no loops or multiple edges and the forbidden subgraphs under
consideration are cycles of length 3 and 4 (triangle and square). This problem was
proposed by Erdős in 1975. Let n denote the number of vertices in a graph G. By
ex(n; {C3, C4}),or simply ex(n; 4) we mean the maximum number of edges in a graph
of order n and girth at least g ≥ 5. There are only 33 exact values of ex(n; 4) currently
known. In this talk, I give an overview of the current state of research in this problem,
regarding the exact values, as well as the lower bound and the upper bound of the
extremal numbers when the exact value is not known.
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A polynomial-time algorithm for constructing a
k-tree for a k-connected matroid

Nick Brettell
University of Canterbury, New Zealand

(Joint work with Charles Semple)

A k-separation (X, Y ) of a matroid (or a graph) is a partition of the ground set
(or edge set) that, loosely speaking, gives an indication of the extent of the “inter-
action” between X and Y . There are well-known results for decomposing an arbi-
trary matroid into 2-connected components on its 1-separations, and decomposing a
2-connected matroid into 3-connected components on its 2-separations. The situation
is more complex for 3-separations in a 3-connected matroid. However, Oxley, Semple
and Whittle showed that a 3-connected matroid has a 3-tree that displays all the “non-
trivial” 3-separations. Clark and Whittle extended this result, showing, in particular,
that a k-connected matroid has a k-tree. In this talk we discuss these results and present
a polynomial-time algorithm for constructing a k-tree for a k-connected matroid.
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Decomposing graphs with high minimum
degree into even cycles

Nicholas J. Cavenagh
University of Waikato, New Zealand

(Joint work with Darryn Bryant and Benjamin R. Smith)

Nash-Williams (1970) conjectured that any even graph of order n, with minimum
degree greater than 3n/4 and number of edges divisible by 3 is decomposable into 3-
cycles. Apart from a general result by Gustavsson (1991) showing a minimum degree
of dn suffices (where d < 1 is a constant), little has been done on this problem. We
examine the analagous question for cycles of even length.
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On (3, k)-connected matroids
Rong Chen

Center for Discrete Mathematics, Fuzhou University
Fuzhou, P. R. China

A 3-connected matroid without flowers more than k petals is (3, k)-connected. We
proved that for any (3, k)-connected matroid M with k ≥ 7 there always exists an
element e such that si(M/e) or co(M\e) is also (3, k)-connected. In this talk, I will give
the reason why we introduce such connectivity and where the result will be used.
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Some recent results on 2-factors in claw-free
graphs

Shuya Chiba
Kumamoto University

(Joint work with Roman Čada and Kiyoshi Yoshimoto)

We consider only finite graphs without loops. Let V (G) and δ(G) be the vertex set
and the minimum degree of a graph G, respectively. A graph G is said to be claw-free
if G has no induced subgraph isomorphic to K1,3. A 2-factor is a spanning subgraph in
which every component is a cycle.

It is a well-known conjecture that every 4-connected claw-free graph is Hamilto-
nian due to Matthews and Sumner [Hamiltonian results in K1,3-free graphs, J. Graph
Theory 8 (1984) 139–146]. Since a Hamilton cycle is a 2-factor with one component,
there are many results on the upper bounds of the number of components in 2-factors
of claw-free graphs. In this talk, we will present some recent results on this topic, and
our main result is the following: every 2-connected claw-free graph G with δ(G) ≥ 3

has a 2-factor with at most |V (G)|
δ(G)

components.
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Towards an excluded-minor characterisation of
2-regular matroids

Ben Clark
Victoria University of Wellington, New Zealand

(Joint work with Dillon Mayhew, Stefan van Zwam, Geoff Whittle)

The class of 2-regular matroids is an important subclass of the class of matroids rep-
resentable over every field with at least four elements. This talk will discuss progress
towards an excluded-minor characterisation of the class of 2-regular matroids, with
particular emphasis on the underlying fragility problem. Applications to the related
class of Hydra-5 representable matroids, an important subclass of the matroids repre-
sentable over the five-element field, will also be discussed.
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Embeddings of circulant graphs on surfaces
Marston Conder

University of Auckland, New Zealand

Circulants are Cayley graphs for cyclic groups, and admit dihedral symmetries. This
talk is a summary of some work done with a bright young research student (from
Spain) on the genus spectrum of embeddings of circulants on orientable surfaces. First
we found a formula for the maximum genus of such embeddings. Then we turned to
the question of finding the minimum genus of such embeddings, for various classes of
circulants. Planar circulants (with genus 0) were classified by Heuberger (2003), and
an attempt was made by Costa, Strapasson, Alves and Carlos (2010) to classify em-
beddings of circulants on the torus (genus 1). After finding several counter-examples
to a claimed theorem by Costa et al, we determined all circulants that have minimum
genus 1 or 2. The latter graphs fall into a small number of families, plus a few sporadic
examples. This work involved a combination of mathematics and computer experi-
mentation, some of which will be described, with illustrations.
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C-groups related to Suzuki simple groups
Thomas Connor

Université libre de Bruxelles

A C-group of rank r is a pair (G,S) such that G is a group and S := {ρ0, . . . , ρr−1} is
an independent generating set of involutions of G that satisfy the following property:

∀I, J ⊆ {0, . . . , r − 1}, 〈ρi | i ∈ I〉 ∩ 〈ρj | j ∈ J〉 = 〈ρk | k ∈ I ∩ J〉.

In particular, C-groups are quotients of Coxeter groups. During the last decade a lot of
attention has been dedicated to the study of string C-groups, also called abstract reg-
ular polytopes, which are C-groups whose Coxeter diagram is a string. In particular,
a large interest is given to the string C-groups related to finite almost simple groups.
In this talk, I will present some recent progress made toward the study of C-groups
without the string diagram condition. I will detail the following theorem and sketch
the main steps of the proof.

Theorem 1 Let q = 22e+1, e > 1 be an odd power of 2 and let Sz(q) ≤ G ≤ Aut(Sz(q)) be a
finite almost simple group of Suzuki type. Let S be a set of involutions of G such that (G,S)
is a C-group. Then G is simple and S has size 3. Moreover, for each G = Sz(q), there exist a
string C-group representation and a non-string C-group representation of G.

This result is a joint work between Dimitri Leemans and myself.
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Generalising the Kung-Stong Cycle Index for
Counting in Matrix Algebras

Brian P. Corr
CMSC, University of Western Australia, Perth

(Joint work with Cheryl E. Praeger)

The Kung-Stong Cycle Index of a matrix algebra A is a multivariate polynomial
with variables corresponding to certain properties of the matrices in A (analagous to
the Cycle Index of a permutation group). By evaluating this polynomial with carefully
chosen inputs, we can determine the size of subsets of A.

The Cycle Index Theorem is an identity that allows us to rewrite the generating func-
tion for these quantities as an infinite product, and therefore examine asymptotic be-
haviour with some Complex Analysis. However, there are certain subsets which can-
not be examined with this method. In this talk we discuss this limitation, outline a
generalisation (the I-Cycle Index), and demonstrate an example application.
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Linearly Independent Latin Squares
Fatih Demirkale

Koç University, Turkey

In this talk, we will first define the linear independence of Latin squares. Later
we will identify a set of s(s − 1)2 Latin squares and represent these as vectors. We
will show these vectors can be used to form intercalates which form a basis for a linear
space which contains all Latin trades. We will also show that (s−1)3+1 of these vectors
are linearly independent. We will use this theory to study an asymptotic formula for
the number of OA(N, 3, s, 2) for s ≥ 3, and we will show that for a given s, the number
of OA(N, 3, s, 2) is λ(s−1)3(1−o(1)) as λ→∞.
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Counter-graph automatic groups
Murray Elder

The University of Newcastle, Australia

(Joint work with Jennifer Taback, Bowdoin College, ME USA)

Formal language theory and combinatorial/geometric group theory have been in-
teracting in strange and fruitful ways for many decades. In this talk I will describe
recent work with Jennifer Taback which extends the notion of automaticity for groups
developed and intensively studied in the 1990s. Our starting point is the work of Olga
Kharlampovich, Bakhadyr Khoussainov and Alexei Miasnikov in 2011 on graph auto-
matic groups. We modify their definition to allow different formal language classes in
place of regular, and explore the consequences — which groups can be captured, and
which algorithmic results remain true. We prove that using counter languages pre-
serves the property that normal forms for groups can be computed in polynomial time.
The class of counter-graph automatic groups includes many examples not known to be
graph automatic, including non-solvable Baumslag-Solitar groups and the (in)famous
R. Thompson’s group F .
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Switching reconstruction problems for graphs
Beáta Faller

Australian National University

(Joint work with Brendan McKay)

The classical reconstruction problem asks when a graph G can be reconstructed
from its deck, where the deck consists of cards showing each of the vertex-deleted sub-
graphs of G. Stanley, Bondy, and others introduced variations of this problem, where
the cards instead show the results of switching G. For example, G might be a digraph
with a switching that reverses the edge directions at one vertex. In another example, G
is a 2-vertex coloured graph and a switching changes the colour of one vertex.

In each case the cards show only equivalence classes of graphs, not labelled graphs,
and the original graph needs to be reconstructed up to equivalence. For a switch-
ing that is defined for 2-vertex coloured graphs, equivalence can refer to “colour-
preserving graph isomorphism”, or to “colour-partition preserving isomorphism”, for
example.

We give a general definition for switching problems and show how the resulting
general theory can be applied to particular switching problems.
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Regular orbits of Sn and An on irreducible
representations

Joanna B. Fawcett
The University of Western Australia, Perth, Australia

(Joint work with Eamonn O’Brien, Jan Saxl)

Given a finite group G and a faithful irreducible FG-module V where F is a field
of prime order, we can ask whether G has a regular orbit on the vectors of V . This
problem is related to determining which primitive permutation groups of affine type
have a base of size 2. Using a mixture of techniques from combinatorics, group theory
and representation theory, we will determine the regular orbits of the symmetric and
alternating groups.
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The 2-separated excluded minors for the class of
frame matroids

Daryl Funk
Simon Fraser University

(Joint work with Matt DeVos, Luis Goddyn, and Irene Pivotto.)

A matroid is a minor of another if it can be obtained from the second by a sequence
of operations analogous to edge deletion and contraction in graphs. An excluded mi-
nor theorem describes the structure of a family of graphs or matroids having no minor
isomorphic to some prescribed set of graphs, or matroids. For example, Kuratowski
famously characterised planar graphs as precisely those with no K5 or K3,3 minor.
Robertson and Seymour’s Graph Minor Theorem states that, as for planar graphs, ev-
ery family of graphs closed under minors may be characterised by exhibiting such a
finite set of excluded minors. Much recent work in matroid theory has focused on ex-
tending the theory of the graph minors project to certain classes of matroids.

Frame matroids generalise the class of graphic matroids - those which arise naturally
from a graph. Frame matroids include the class of Dowling geometries, and are impor-
tant in matroid structure theory. We present a first step toward showing that there are
only finitely many excluded minors for the class of frame matroids. We describe those
excluded minors that are not 3-connected.
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Mixing time of the Swendsen-Wang process on
the complete graph

Tim Garoni
Monash University

(Joint work with Peter Lin)

The Potts model is a fundamental model in statistical mechanics, which is inti-
mately connected to the Tutte polynomial. The Swendsen-Wang process is the most
widely used Markov-chain Monte Carlo algorithm for studying the Potts model. We
study the Swendsen-Wang process for the Potts model with q ≥ 3 states on the com-
plete graph Kn, and obtain the large n asymptotics of the mixing time as a function
of the inverse temperature λ. We show that the mixing time is exponentially large in
a power of n throughout a non-trivial neighbourhood (λo(q), λd(q)) of the equilibrium
transition temperature. In the low temperature regime λ ≥ λd(q), we find the mixing
time is Θ(log n), while for high temperatures λ < λo(q) the mixing time is O(1). At
λ = λo(q) the mixing time exhibits a non-trivial power-law scaling Θ(n1/3).
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Factoring quartic and cubic polynomials over
finite fields

S. P. Glasby
University of Western Australia

The factorization of a polynomial a(x) of degree n over a finite field Fq gives a par-
tition λ(a) of n. A deterministic algorithm for computing λ(a) involves counting the
degrees of certain polynomials, and using Möbius inversion. Probabilistic algorithms
(such as the Cantor-Zassenhaus and Ben-Or algorithms) can factor a(x) by selecting
random polynomials. In this talk I will show that faster specialized deterministic al-
gorithms exist for factoring a(x), and computing λ(a), when deg(a) 6 4. The idea is
factor by using cubic and quadratic resolvent polynomials instead of random poly-
nomials. The deterministic algorithms rely on Galois theory and work even when
char(Fq) = 2, 3, c.f. [1] and [2].

References

[1] P. A. Leonard and K. S. Williams, Quartics over GF(2n), Proc. Amer. Math. Soc. 36 (1972),
347–350.

[1] K. S. Williams, Note on cubics over GF(2n) and GF(3n), J. Number Theory 7 (1975), 361–
365.
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A note on self-maximal numbers
Amy Glen

Murdoch University, Perth, Western Australia

Given an infinite word x over an alphabetA, a letter b occurring in x, and a total or-
der≤ onA, the smallest word (resp. greatest word) with respect to≤ starting with b in
the shift orbit closure of x is called a minimal word (resp. maximal word) of x. By a result
of Parry (1960), it is known that a infinite word s over the alphabet {0, 1, . . . , bβc} is a
greedy β-expansion of 1 for some real number β > 1 if and only if s is a maximal word,
in which case β is unique. We call such numbers β self-maximal. Using combinatorial
properties of the maximal words of certain classes of infinite words, we consider the
problem of determining whether the corresponding self-maximal numbers are tran-
scendental.
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Efficient Calculation of the Xq Invariant
David G. Glynn

Flinders University of South Australia, Adelaide

(Joint work with Adel Alahmadi, KAU, Saudi Arabia)

We show how to calculate the invariant Xq of certain non-square matrices [3] and
hypersurfaces [4] over a field of prime characteristic p, more efficiently (using fewer
operations) than the standard definition. The method that we use generalises the 2 ×
6 matrix case for X4 [5], and is related to the combinatorial theory of perpendicular
arrays [1, 7] and to the representation theory of the symmetric group on q − 1 letters.
The basic philosophy of modular invariants was founded by Dickson and his student
[2, 6].

References
[1] Jürgen Bierbrauer and Yves Edel, Theory of perpendicular arrays, J. Combin. Designs 2, no.

2, (1994), 375–406.

[2] Leonard E. Dickson, On Invariants and the Theory of Numbers, Dover reprint, 2004.

[3] David G. Glynn, An invariant for matrices and sets of points in prime characteristic, Des.
Codes Cryptogr. 58 (2011), 155–172.

[4] David G. Glynn, An invariant for hypersurfaces in prime characteristic, SIAM J. Discrete
Math. 26 (2012), 881–883.

[5] David G. Glynn, A slant on the twisted determinants theorem with applications to amicable
latin squares, self-dual quantum codes, and Invariants of Polynomials in Even Character-
istic, Bull. ICA, to appear.

[6] Mildred Sanderson, Formal modular invariants with application to binary modular covari-
ants, Trans. American Math. Soc., 14 (4) (1913), 489–500.

[7] Tran Van Trung, On the construction of authentication and secrecy codes, Des. Codes Cryp-
togr. 5 (1995), 269–280.
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On the chromatic number of a random
hypergraph
Catherine Greenhill

UNSW

(Joint work with Colin Cooper and Martin Dyer)

A hypergraph is a set of vertices and a set of hyperedges, where each hyperedge
is a subset of vertices. A hypergraph is r-uniform if every hyperedge contains r ver-
tices. A colouring of a hypergraph is an assignment of colours to vertices such that no
hyperedge is monochromatic. When the colours are drawn from the set {1, .., k}, this
defines a k-colouring. We consider the problem of k-colouring a random r-uniform
hypergraph with n vertices and cn edges, where k, r and c are constants and n tends to
infinity. In this setting, Achlioptas and Naor (2005) showed that for the case of r = 2,
the chromatic number of a random graph must have one of two easily computable
values as n tends to infinity. We have generalised this result to random r-uniform hy-
pergraphs, where r ≥ 3 is an arbitrary constant. The proof has something for everyone,
with a mixture of combinatorial, probabilistic, algebraic and analytic arguments.

c.greenhill@unsw.edu.au Contributed talks
Schedule

39

mailto:c.greenhill@unsw.edu.au


Chapter 2. Contributed talks 40

Cycle decompositions of de Bruijn graphs for
robot identification and tracking

Tony Grubman
Monash University

(Joint work with Y. Ahmet Şekercioğlu and David R. Wood)

In this talk, I will introduce the problem of finding the maximum number of dis-
joint fixed-length cycles in a de Bruijn graph. This problem relates to choosing colour
sequences for robust barcode-like identification of robots. In many cases, it is possible
to partition the entire de Bruijn graph into the appropriate cycles, thereby guarantee-
ing the existence of the maximum number of colour sequences for the robots. I will
present these existence results for several infinite families of parameters, and will pro-
vide a live demonstration of a camera identifying partially occluded robots.
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Simple eigenvalues of vertex-transitive graphs
Krystal Guo

Simon Fraser University, Canada

(Joint work with Bojan Mohar)

A simple eigenvalue of a graph is an eigenvalue of the adjacency matrix with mul-
tiplicity 1. It has been observed that graphs having many simple eigenvalues tend to
have small automorphism groups. The only vertex-transitive graph with all simple
eigenvalues is K2 and it is well-known that a k-regular vertex-transitive graph will
have at most k + 1 simple eigenvalues. We will look at structural properties of vertex-
transitive graphs with many simple eigenvalues.
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Elusive Codes in Hamming Graphs
Daniel R. Hawtin

University of Western Australia, Perth, Australia

(Joint work with Neil Gillespie and Cheryl Praeger)

In this context, a code is a subset of the vertex set of a Hamming graph. The concept of
an elusive code arose from an algebraic approach to the study of symmetry of codes, un-
dertaken by Gillespie and Praeger. An elusive code is a code where the set of neighbours,
that is the set of vertices distance one from the code, has a larger automorphism group
than that of the code itself. Thus, given only information about the set of neighbours
of the code, full knowledge of such a code eludes us.

There are several results on the parameters of elusive codes. In particular, it is
known that for an elusive code with an alphabet of size two, the alphabet size always
divides the length of the code. Whether this is true in general is an open question.
We present an infinite family of elusive codes for any given alphabet size. These codes,
which were the only such codes known at the time, have an additional regularity prop-
erty. We use combinatorial graph theory to show that this property is enough to guar-
antee the length of the code is divisible by the size of the alphabet.
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Hamilton Path Decompositions of Infinite
Circulant Graphs

Sarada Herke
The University of Queensland

(Joint work with Barbara Maenhaut and Bridget Webb)

Let G be an infinite graph with vertex set labelled by Z. An infinite hamilton path
of G is a list . . . , v−1, v0, v1, . . . of the vertices of G such that there is an edge from vi to
vi+1 for every i, and G is said to be hamiltonian if it admits an infinite hamilton path.
The infinite circulant graph with vertex set Z and connection set S ⊂ Z+ is denoted by
Circ(Z, S) and has edge set {{i, i + s} | i ∈ Z, s ∈ S}. In 1984, Witte and Gallian asked
if the connected infinite circulant graphs Circ(Z, S) are hamiltonian; this question was
answered in the affirmative by Zhang and Huang in 1995. An infinite graph is hamilton
decomposable if its edge set can be partitioned into infinite hamilton paths. In this talk
we describe necessary conditions for Circ(Z, S) to be hamilton decomposable and we
show that, in the 4-regular case, the conditions are also sufficient.
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Extending Fisher’s inequality to coverings
Daniel Horsley

Monash University, Melbourne, Australia

A (v, k, λ)-covering is a collection of k-element subsets, called blocks, of a v-set of
points such that each pair of points occurs in at least λ blocks. If each pair of points
occurs in exactly λ blocks the covering is a (v, k, λ)-design. Fisher’s inequality is a
classical result in design theory that states that no (v, k, λ)-design with fewer blocks
than points can exist. In this talk I show that a proof of Fisher’s inequality can be
generalised to produce a new lower bound on the number of blocks in some (v, k, λ)-
coverings.
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Perfect 1-Factorisations of Cubic Graphs
Rosalind Hoyte

Monash University

(Joint work with Dr Barbara Maenhaut, UQ)

A 1-factorisation of a graph is perfect if the union of every pair of distinct 1-factors
in the 1-factorisation forms a single cycle in the graph. In the 1960s, Kotzig posed
several problems related to perfect 1-factorisations, including determining which cubic
(3-regular) graphs have a perfect 1-factorisation and which complete graphs have a
perfect 1-factorisation. Both these problems have generated much interest but remain
open. We investigate whether some small cubic graphs have perfect 1-factorisations,
and present a survey of some results relating to cubic graphs in general.
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On unitals of even order satisfying Wilbrink’s
conditions (I) and (II)

Alice M.W. Hui
The University of Hong Kong, Hong Kong, China

(Joint work with Philip P.W. Wong)

A unital, or a unitary block design, of order n > 2, is a 2-(n3 + 1, n + 1, 1) de-
sign. A classical unital is the design defined by a hermitian curve in the classical plane
PG(2, n2). A classical unital does not allow any O’Nan configuration (four lines inter-
secting in six points.) Piper (1981) conjectured that the absence of O’Nan configura-
tions (Wilbrink’s condition (I)) characterizes the classical unital. Wilbrink (1983) gave
a weaker characterization by adding two conditions, (II) and (III). His proof depends
on deep results in group theory. Furthermore, if the order of the unital is even, then
(I) and (II) imply (III). Recently, we (2013) introduced a necessary condition (P ) of the
classical unital and conjectured that (P ) characterizes the classical unital. In this talk,
we present some preliminary results concerning proving directly that any unital of
even order with (I) and (II) is classical. In particular, we prove that any unital of even
order with (I) and (II) satisfies (P ), and admits the classical spreads studied by Dover.
A main tool is the geometry of inversive plane.
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Neighbour-transitive codes induced by
geometric maximal subgroups of the symplectic

group
Mark Ioppolo

University of Western Australia

Consider a vector space V = Fn equipped with a non-degenerate bilinear form B.
If the characteristic of F is odd, the polarisation identity enables us to identify B with
a unique non-singular quadratic form. On the other hand, if the characteristic of F
is even, there exist multiple quadratic forms on V which are compatible with B. By
considering the set of binary quadratic forms which polarise to a specified alternating
bilinear form, it is possible to construct families of codes which admit a symplectic
group of automorphisms and a desirable transitivity property known as neighbour-
transitivity.

Motivated by the study of codes in graphs, I will discuss the actions of some maxi-
mal subgroups of the symplectic group on sets of binary quadratic forms, and attempt
to answer some questions about the existence of neighbour-transitive codes.
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Finding a second Hamilton cycle
Tommy Jensen

Kyungpook National University

A theorem of Smith implies that given a cubic graph with a Hamilton cycle and any
edge of the cycle, there exists another Hamilton cycle through the same edge. There
are different parity proofs of this fact. Unfortunately the proofs known so far do not
lead to polynomial algorithms for finding a second Hamilton cycle.
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Critical Graphs with Respect to Total
Domination and Connected Domination

Pawaton Kaemawichanurat
Curtin University of Technology, Perth, Australia

(Joint work with L. Caccetta (Curtin University of Technology) and N. Ananchuen
(Silpakorn University, Thailand))

A graph G is said to be k − γt−critical if the total domination number of G, γt(G),
is k and γt(G+ uv) < k for every uv ∈ E(G). A k − γc−critical graph G is a graph with
connected domination number γc(G) = k and γc(G + uv) < k for every uv ∈ E(G).
Further, a k−tvc graph is a graph with γt(G) = k and γt(G − v) < k for all v ∈ V (G),
where v is not a support vertex (i.e. all neighbors of v have degree greater than one). A
2−connected graphG is said to be k−cvc if γc(G) = k and γc(G−v) < k for all v ∈ V (G).
In this paper, we prove that connected k−γt−critical graphs and k−γc−critical graphs
are the same if and only if 3 ≤ k ≤ 4. For k ≥ 5, we concentrate on the class of
k − γt−critical graphs G with γc(G) = k and the class of k − γc−critical graphs G with
γt(G) = k. We show that these classes intersect but they do not need to be the same.
Further, we prove that 2−connected k−tvc graphs and k−cvc graphs are the same if
and only if 3 ≤ k ≤ 4. Similarly, for k ≥ 5, we focus on the class of k−tvc graphs G
with γc(G) = k and the class of k−cvc graphs G with γt(G) = k. We finish this paper
by showing that these classes do not need to be the same.
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The boxicity of generalized Mycielski graphs
Akira Kamibeppu

Shimane University, Shimane, Japan

A box in Euclidean k-space is the Cartesian product I1 × I2 × · · · × Ik, where Ij
is a closed interval on the real line. The boxicity of a graph G, denoted by box(G), is
the minimum integer k such that G can be represented as the intersection graph of a
family of boxes in Euclidean k-space. The notion of boxicity of a graph was introduced
by F. S. Roberts [6]. It has applications in some research fields, like niche overlap in
ecology and fleet maintenance in operations research (see [5]). Roberts proved that the
boxicity of complete k-partite graph Kn1,n2,...,nk

is the number of ni which is at least 2
and also proved that the maximal boxicity of graphs with n vertices is bn

2
c, where bxc

denotes the largest integer at most x.
Recently, L. S. Chandran et al. [1] found the following relation between the boxicity

box(G) and the chromatic number χ(G) for a graph G.

Theorem 2 ([1]) Let G be a graph with n vertices. If box(G) ≥ n
2
− s for s ≥ 0, then χ(G) ≥

n
2s+2

.

The theorem means that, if the boxicity of a graph with n vertices is very close to
the maximum boxicity bn

2
c, the chromatic number of the graph must be very large.

However, there is not much information about structure of graphs with large boxicity.
This motivates us to find structure of graphs with large boxicity.

In this talk, for every positive integer k, we present how one constructs a new graph
whose boxicity is more than k, where one starts with any graph. As is well-known in
[2, 4], we can construct a graph with sufficiently large chromatic number by iteration of
the Mycielski’s construction M2(·) for any graph. The focalization of a graph G, denoted
by Gf , is the graph obtained from G by adding a new vertex adjacent to all vertices
of G, and such an additional vertex is called a focal vertex of the graph. Taking the
focalization of a graph is a natural way to make chromatic number large, but we note
that it does not make boxicity large. Our main result is that for a graph G with a focal
vertex, the boxicity of the Mycielski graph M2(G) is more than that of G.

Theorem 3 ([3]) For a graph G and a natural number n, the inequality box(M2(G
fn)) ≥

box(Gfn) +
⌈
n
2

⌉
holds, where Gfn is the nth focalization of G and dxe denotes the smallest

integer at least x.

By similar technique, we may replace the Mycielski’s construction M2(·) with the gen-
eralized one Mr(·) on our main theorem. We also note that one can construct a graph G
with box(G) > k and χ(G) > k for a positive integer k, by iteration of the construction
Mr(· f ), where one starts with any graph.

References
[1] L. S. Chandran, A. Das, and C. D. Shah, Cubicity, boxicity, and vertex cover, Discrete Math.

309 (2009) 2488-2496.

50



Chapter 2. Contributed talks 51
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Algorithm for defensive alliance with
prescribed vertex in trees

Kenji Kimura
Tokyo University of Science

(Joint work with Kiyoshi Ando, Yoshimi Egawa)

Let G = (V,E) be a graph with vertex set V and edge set E. We denote by N(v) the
neighborhood of a vertex v ∈ V . A non-empty set of vertices S ⊂ V is said to be an
defensive alliance if for every vertex v ∈ S, |N(v) ∩ S|+ 1 ≥ |N(v) ∩ (V − S)|.

Fricke et al. [1] have proved that every graph of order n ≥ 2 has a defensive alliance
of order at most dn

2
e.

In this talk, we consider a defensive alliance with prescribed vertex in trees. We
show that for any tree of order at least three our algorithm construct a defensive al-
liance with prescribed vertex of order at most dV1(T )+1

2
e, where V1(T ) is the set of leaves

of T .
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Uniform coverings of 2-paths in the complete
graph and the complete bipartite graph

Midori Kobayashi
University of Shizuoka

Consider a graph G and a subgraph H of G. A D(G,H, λ) design is a collection D of
subgraphs of G each isomorphic to H so that every 2-path (path of length 2) in G lies
in exactly λ subgraphs in D. We call this design a Dudeney design. A D(G,H, λ) design
is resolvable (or vertex-resolvable) if the subgraphs in the design can be partitioned into
classes so that every vertex appears exactly once in each class. Each such class is called
a parallel class of the design.

Let Kn be the complete graph on n vertices, Kn,n the complete bipartite graph on
the partite sets with n vertices each, Ck a cycle on k vertices, and Pk a path on k vertices.
We restrict our attention to D(G,H, λ) designs in which G is Kn or Kn,n and H is Ck or
Pk.

The problem of constructing D(G,H, λ) designs have been solved for the following
cases [5]:

1. D(Kn, P3, λ) designs (trivial) and resolvable D(Kn, P3, λ) designs

2. D(Kn, C3, λ) designs (trivial) and resolvable D(Kn, C3, λ) designs

3. D(Kn, P4, 1) designs

4. D(Kn, C4, λ) designs and resolvable D(Kn, C4, 1) designs

5. D(Kn, P5, 1) designs

6. D(Kn, P6, 1) designs

7. D(Kn, C6, 1) designs

8. D(Kn, P7, 1) designs

9. D(Kn,n, P4, 1) designs and resolvable D(Kn,n, P4, 1) designs

10. D(Kn,n, C4, 1) designs and resolvable D(Kn,n, C4, 1) designs.

A D(Kn, Cn, 1) design is a solution of the famous Dudeney’s round table problem
which asks for a seating of n people at a round table on consecutive days so that each
person sat between every pair of other people exactly once [1, 2]. It has been conjec-
tured that there exists a D(Kn, Cn, 1) design for every n, but it has not been solved in
general [6]. The following theorem is known.

Theorem A [4, 7] Let n ≥ 3 be an integer.
(1) There exists a D(Kn, Cn, 1) design when n is even.
(2) There exists a D(Kn, Cn, 2) design when n is odd.
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In this talk, we consider D(Kn,n, C2n, λ) designs and D(Kn, Pn, λ) designs. We may
call the problem of constructingD(Kn, Pn, 1) designs for every nDudeney’s counter table
problem. We obtain the following results.

Theorem 1.1 Let n ≥ 2 be an integer.
(1) There exists a D(Kn,n, C2n, 1) design when n is odd.
(2) There exists a D(Kn,n, C2n, 1) design when n ≡ 0 (mod 4).
(3) There exists a D(Kn,n, C2n, 2) design when n ≡ 2 (mod 4).

Theorem 1.2 Let n ≥ 3 be an integer.
(1) There exists a D(Kn, Pn, 1) design when n is odd.
(2) There exists a D(Kn, Pn, 1) design when n ≡ 0 (mod 4).
(3) There exists a D(Kn, Pn, 2) design when n ≡ 2 (mod 4).

The existence problems of D(Kn,n, C2n, 1) designs and D(Kn, Pn, 1) designs for n ≡
2 (mod 4) remain open. We note that the existence problem of D(Kn,n, P2n, λ) designs
also remains open.

As stated above, the problem of constructing D(Kn, Cn, 1) designs for all n is still
open. If the problem is solved, then the problems of constructing D(Kn,n, C2n, 1) de-
signs and D(Kn, Pn, 1) designs for all n are solved. In this sense, the problem of con-
structing D(Kn, Cn, 1) designs, i.e., Dudeney’s round table problem, would be an in-
teresting open problem.
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On trees with double domination number equal
to 2-domination number plus one

Marcin Krzywkowski
Polish Academy of Sciences

A vertex of a graph is said to dominate itself and all of its neighbors. A subset
D ⊆ V (G) is a 2-dominating set of G if every vertex of V (G) \ D is dominated by
at least two vertices of D, while it is a double dominating set of G if every vertex of
G is dominated by at least two vertices of D. The 2-domination (double domination,
respectively) number of a graph G is the minimum cardinality of a 2-dominating (dou-
ble dominating, respectively) set of G. We characterize all trees with the double dom-
ination number equal to the 2-domination number plus one. The result has recently
appeared in the Houston Journal of Mathematics.

References
[1] J. Fink and M. Jacobson, n-domination in graphs, Graph Theory with Applications to Algo-

rithms and Computer Science, Wiley, New York, 1985, 282–300.

[2] F. Harary and T. Haynes, Double domination in graphs, Ars Combinatoria 55 (2000), 201–213.

[3] M. Krzywkowski, On trees with double domination number equal to 2-domination number plus
one, Houston Journal of Mathematics 39 (2013), 427–440.

marcin.krzywkowski@gmail.com Contributed talks
Schedule

55

mailto:marcin.krzywkowski@gmail.com


Chapter 2. Contributed talks 56

The number of spanning trees in random
regular graphs

Matthew Kwan
University of New South Wales

(Joint work with Catherine Greenhill and David Wind)

The number of spanning trees in a graph (its complexity) is of interest for a number
of reasons. For example, complexity plays an important role in the analysis of electrical
networks.

Let d ≥ 3 be a fixed integer. We will present some results relating to the distribution
of the number of spanning trees in a uniformly random d-regular graph. We first state
two early results by McKay regarding this distribution. We strengthen one of these
results and conjecture a complete asymptotic specification of the distribution. This
conjecture has been proved for d = 3; we give a brief outline of the techniques and
ideas in the proof. These include the pairing model, the method of small subgraph
conditioning and the saddle-point method.
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Almost all colourings are almost distinguishing
Florian Lehner
TU Graz, Austria

A colouring of a graph G is called distinguishing if it is not preserved by any non
trivial automorphism ofG. Equivalently, a colouring is distinguishing if its stabiliser in
the automorphism group is trivial, i.e., only consists of the identity. Tucker conjectured
that, if each automorphism of a graph moves infinitely many vertices, then there is a
distinguishing 2-colouring of G.

We investigate the stabiliser of a random 2-colouring of such a graph. While a
random colouring is not necessarily distinguishing, we can show that its stabiliser is
almost surely sparse in at least two ways:

• it is nowhere dense in the topology of pointwise convergence and

• it has Haar measure 0.

We also give several examples of graph classes, where a random colouring is almost
surely distinguishing.
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Representations of Clifford algebras: skew,
bent and fractious

Paul Leopardi
The Australian National University

This talk will discuss the following two results.

1. The graph of anti-amicability of the canonical basis matrices of the neutral Clifford
algebra Rm,m is strongly regular with parameters

(ν, k, λ = µ) = (4m, 22m−1 − 2m−1, 22m−2 − 2m−1).

2. The (16, 6, 2)-strongly regular graph of anti-amicability of the canonical basis ma-
trices of the neutral Clifford algebra R2,2 is the 4 × 4 lattice graph and not the
Shrikande graph.

The connection between Hadamard difference sets, bent functions, and strongly
regular graphs is key to understanding the first result.
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Cycle decompositions, Euler’s formula and face
2-colourable planar embeddings

Barbara Maenhaut
The University of Queensland, Brisbane, Australia

(Joint work with Benjamin Smith)

A face 2-colourable planar embedding of a simple graph G in which the black
faces have boundary cycles of lengths m1,m2, . . . ,mr and the white faces have bound-
ary cycles of lengths n1, n2, . . . , nt is said to be a biembedding of the cycle lists M =
m1,m2, . . . ,mr and N = n1, n2, . . . , nt. We use Euler’s classic formula relating the num-
ber of vertices, edges and faces in a planar embedding to derive necessary and suf-
ficient conditions for the existence of such an embedding given two arbitrary lists of
cycle lengths. We will also discuss the somewhat surprising result that these conditions
are exactly equivalent to those required for the existence of a simple (not necessarily
planar) graph G which has a decomposition into cycles of lengths m1,m2, . . . ,mr and
into cycles of lengths n1, n2, . . . , nt (with three ‘small case’ exceptions).
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Autoparatopisms of Quasigroups and Latin
squares

Jayama Mahamendige
Monash University

(Joint work with Prof. Ian Wanless)

A Latin square L of order n is an n × n array containing n symbols from [n] =
{1, 2, . . . , n} such that each element of [n] appears once in each row and each column
of L. Rows and columns of L are indexed by elements of [n]. The element in the ith row
and jth column is denoted by L(i, j).
The set of n2 ordered triples, O(L) = {(i, j, L(i, j)); i, j ∈ [n]} is called the orthogonal
array representation of L.
Let θ = (α, β, γ) ∈ S3

n, where Sn is the symmetric group acting on [n]. A new Latin
square Lθ is obtained by permuting rows, columns and symbols of L by α, β, γ respec-
tively. The elements θ ∈ S3

n are known as isotopisms and Lθ is said to be isotopic to L.
If Lθ = L, then θ is called an autotopism of L. If θ = (α, α, α), then α is said to be an
automorphism of L.
Let σ = (θ;λ) ∈ Sn oS3, where θ = (α, β, γ). A Latin square Lσ is obtained by permuting
triples of O(Lθ) by λ. For example, if (x, y, z) is a triple of L and θ = (α, β, γ; (12)) then
σ(x, y, z) = (β(y), α(x), γ(z)). The map σ is known as a paratopism of L. If Lσ = L,
then σ is called an autoparatopism of L. Isotopism is one case of paratopism (ie when
λ = id). Let Atp(n), Aut(n) and Par(n) be the set of all autotopisms, automorphisms
and autoparatopisms of Latin squares of order n respectively.
Stones, Vojtěchovský and Wanless obtained a partial answer for the problems “What
is Atp(n)?” and “What is Aut(n)?” in 2012. They established a number of necessary
conditions for (α, β, γ) to be in Atp(n) and used them to determine Atp(n) for n ≤ 17.
We attempt a similar study of the question “What is Par(n)?” We solve a number of
special cases which are sufficient to determine Par(n) for small n.
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Correlations and approximate counting in
graphs
Arun Mani

The University of Melbourne

In this talk, I will discuss approximate counting techniques based on correlation
properties for some well-known counting problems in graphs like counting spanning
trees, forests and connected subgraphs.
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Intersection of transversals in the Latin square
Bn, with applications to Latin trades.

Trent G. Marbach
The University of Queensland, Queensland, Australia

A paper by Cavenagh and Wanless diagnosed the possible intersection of any two
transversals ofBn. We will give a generalization of this problem for the intersection of µ
transversals, and provide constructions and computational results for the cases where
µ = 3, 4. This result is then applied to the problem of finding µ-way k-homogeneous
Latin trades.
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Extension problem for linear codes
Tatsuya Maruta

Osaka Prefecture University, Osaka, Japan

Let Fnq denote the vector space of n-tuples over Fq, the field of q elements. A q-ary
linear code of length n and dimension k or an [n, k]q code is a k-dimensional subspace
of Fnq . An [n, k, d]q code is an [n, k]q code with minimum (Hamming) distance d. For an
[n, k, d]q code C with a generator matrix G, C is called extendable (to C ′) if there exists a
vector h ∈ Fkq such that the extended matrix [G, hT] generates an [n + 1, k, d + 1]q code
C ′. The problem is to find some conditions on the weights of codewords such that a
given code is necessarily extendable. The most well-known extension theorem by Hill
and Lizak (1995) tells that every [n, k, d]q code with gcd(d, q) = 1, whose weights (of
codewords) are congruent to 0 or d (mod q), is extendable. We consider some possible
generalizations of this result.
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An update on the switching method for
enumeration

Brendan McKay
Australian National University

(Joint work with Catherine Greenhill)

The switching method is a very general technique for approximate counting of com-
binatorial objects and estimation of probabilities.

In one form of the method, precise estimates can be obtained for the number of
objects in a class of objects. For example it is responsible for the best enumeration of
Latin rectangles, the best enumeration of sparse graphs with given degree sequences,
the best enumeration of 0-1 matrices with given row and column sums, the best es-
timation of subgraph probabilities in sparse graphs of two different types, the only
investigation of the distribution of the diagonal of sparse random graphs with loops,
and algorithms for the exact sampling of Latin rectangles and regular graphs.

Another form of the technique is used to bound the tails of probability distribu-
tions, which is often required to eliminate extreme cases that the first from of switch-
ing cannot handle. We show how the theory of Hasheminezhad, Fack and McKay can
be generalized to handle multiple types of switching at the same time. We then illus-
trate both forms of switching to estimate the number of sparse multigraphs with given
degrees.
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Counting Subgraphs in Strongly Regular
Graphs

Marsha Minchenko
Monash University

(Joint work with Ian Wanless)

A strongly regular graph SR(n, r, λ, µ) is an r-regular graph with n vertices, λ com-
mon neighbours between adjacent vertices, and µ common neighbours between non-
adjacent vertices. We present a method for counting connected edge-induced sub-
graphs H of a SR(n, r, λ, µ). For some graphs H , we are able to express the number of
copies ofH in terms of n, r, λ, and µ. Counts of other subgraphs are calculated in terms
of the counts of smaller subgraphs. We present a proof of our result for determining
the number of copies of a subgraph in a strongly regular graph in terms of the counts
of subgraphs with strictly fewer vertices. We outline the algorithm which applies these
results recursively on subgraphs.
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The Structure of Connectivity Functions
Songbao Mo

Victoria University of Wellington, New Zealand

A connectivity function is a symmetric submodular set function. Graphs, hyper-
graphs and matroids all have associated connectivity functions. Moreover, many prop-
erties of these structures follow from properties of their connectivity functions. This
motivates the study of the connectivity function in general. It turns out that connec-
tivity functions are surprisingly highly structured. In the talk I will describe some of
their basic properties.
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Algebraic Properties of Chromatic Roots
Kerri Morgan

Monash University

(Joint work with Daniel Delbourgo)

The chromatic polynomial P (G, λ) gives the number of proper colourings of a graph
G in at most λ colours. Chromatic roots, that is, the roots of the chromatic polynomial,
have been extensively studied in graph theory and statistical mechanics. Recently there
has been increasing interest in studying the algebraic properties of chromatic polyno-
mials. The generalised theta graph consists of a pair of end vertices joined by k internally
disjoint paths. We give the relationship between the chromatic roots of two infinite
families of generalised theta graphs.
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Some semiprimitive groups that are
graph-restrictive

Luke Morgan
University of Western Australia

(Joint work with Michael Giudici)

The focus of this talk is the graph-restrictive problem for permutation groups. That
is, given a vertex-transitive graph with a particular local action, to determine if there
exists a bound on the order of vertex stabilisers. I will present two theorems that gener-
alise results about primitive permutation groups to the class of semiprimitive groups.
This latter class is central to the recent PSV Conjecture of Potočnik, Spiga and Verret.

Our first theorem generalises the famous result of Tutte that shows Sym(3) is graph-
restrictive. The second generalises a theorem of Weiss on primitive groups of HA type.
A corollary to our second theorem is that a large class of semiprimitive groups are
graph-restrictive. Hence these results contribute evidence for the validity of the above
mentioned conjecture.
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Counting bounded degree spanning trees
Alon Naor

Tel Aviv University, Israel

(Joint work with Dennis Clemens, Asaf Ferber, Michael Krivelevich, Anita Liebenau
and Kerstin Weller. )

In this talk we discuss the number of bounded degree spanning trees for every
graph having some basic properties. Then we obtain some immediate corollaries for
random graphs and pseudo random regular graphs. In particular we show that for p
sufficiently large, the number of spanning trees in G ∼ G(n, p) with maximum degree
at most ln(np)

ln ln(np)
is with high probability exponentially equal to the expected number of

such trees.
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Counting Flats in a Matroid
Peter Nelson

Victoria University of Wellington

The Whitney number Wk(M) denotes the number of rank-k flats of a matroid M .
Bonin conjectured that, if q is a prime power and M is a rank-r matroid with no U2,q+2-
minor, then Wk(M) ≤ Wk(PG(r− 1, q)). I will present two recent papers; the first, joint
work with Jim Geelen, shows that when k = 2 and r = 3 this conjecture is true for
q ∈ {2, 3, 4, 5} and false for all larger q. The second, on the other hand, shows that for
each fixed k and q the conjecture is true for all sufficiently large r.
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Combinatorial designs and compressed sensing
Padraig Ó Catháin

The University of Queensland

Compressed sensing is a technique used in signal processing to reconstruct under-
sampled data, subject to some assumptions. It has been intensively studied in the
past fifteen years or so, and lies at the interface of mathematics, statistics and electrical
engineering. One of the main challenges is the construction of good matrices for use in
compressed sensing.

In this talk, we will give an introduction to compressed sensing, emphasizing the
relation with well-known concepts in linear algebra. We then describe a new con-
struction for compressed sensing matrices using combinatorial designs. This construc-
tion generalises and unifies a number of results in the literature. Using results on the
asymptotic existence of certain designs, we obtain new asymptotic existence results on
compressed sensing matrices.
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Normality of a certain class of lattice polytopes
Shoetsu Ogata

Tohoku University, Sendai, Japan

Let M be a free abelian group of rank n(n > 1) and MR := M ⊗Z R ∼= Rn the
extension of coefficients to real numbers. A subset P ⊂ MR is called a lattice polytope if
it is the convex hull Conv{m1, . . . ,mr} of a finite subset {m1, . . . ,mr} of M . A lattice
polytope P ⊂MR is normal if the equality

(kP ) ∩M + (P ∩M) = (k + 1)P ∩M (2.1)

holds for all k ≥ 1.
In general, we know that the equality (2.2) holds for all k ≥ dimP − 1 (see [3]).

Hence, we see that a lattice polygon (in the case dimP = 2) is always normal [2] and
that if dimP = n, then lP is normal for l ≥ n− 1 [1].

Here we talk about the normality of nonsingular lattice polytopes of dimension
three. We state known results.

Theorem 4 (Ogata [4]) Let Q1, Q2 ⊂ MR be nonsingular lattice polytopes of dimension
threee.

(1) If Int(Q1) ∩M = ∅ then it is normal.

(2) If Int(Q2) ∩M 6= ∅ and if dim Conv{Int(Q2) ∩M} ≤ 2, then it is normal.

Theorem 5 (Ogata [5]) If a nonsingular lattice polytope P of dimension three is a Minkowski
sum P = Q+ I with a line segment I , then it is normal.

We state new result [6].

Theorem 6 Let P be a nonsingular lattice polytope of dimension three. If the normal fan of P
is the same as that of Q1 or Q2 in the first theorem, then P is normal.

We will give definition of nonsingularity and normal fan of lattice polytope.
Let M be a free abelian group of rank n and N the dual abelian group to M with the

pairing 〈, 〉 : M ×N → Z. Let P ⊂MR a lattice polytope of dimension n. For a vertex v
of P make the cone Cv(P ) := R≥0(P − v) = {r(x − v); r ≥ 0 and x ∈ P} with the apex
the origin. We call P simple at v if the cone Cv(P ) is simplicial, that is,

Cv(P ) = R≥0u1 + · · ·+ R≥0un with u1, . . . , un ∈M.

P is called nonsingular at v if it is simple and if we can choose {u1, . . . , un} as a Z-basis
of M . If P is nonsingular at all vertices, then it is simply called nonsingular.

Next, for a vertex v make the dual cone σ(v) = Cv(P )∨ in NR with respect to the
pairing 〈, 〉. Set ∆ the set of all faces of σ(v) for all vertices v of P . Then ∆ is called a
normal fan of P .
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Tree decompositions, parametric complexity
and 3-manifold censuses

William Pettersson
University of Queensland, Brisbane, Australia

(Joint work with Ben Burton)

To generate a 3-manifold census, most algorithms start with a collection of 4-regular
multigraphs and attempt to build up all possible triangulations with said graph as their
1-skeleton. Such algorithms take significant time to run, and this is partially because
many 4-regular multigraphs do not lead to any interesting triangulations. Such graphs
are called inadmissible.

In this talk I will discuess tree decompositions and show how they can be used to
obtain theoretical complexity results, including a meta-theorem, similar to Courcelle’s,
regarding admissible 4-regular graphs. I will also show how these theoretical results
give significant real world improvements to census algorithms.
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On the maximum order of graphs embedded in
surfaces

Guillermo Pineda-Villavicencio
University of Ballarat, Australia

(Joint work with Eran Nevo (Ben-Gurion University of the Negev) and David R.
Wood (Monash University))

The maximum number of vertices in a graph of maximum degree ∆ ≥ 3 and fixed
diameter k ≥ 2 is upper bounded by (1 + o(1))(∆ − 1)k. If we restrict our graphs to
certain classes, better upper bounds are known. For instance, for the class of trees there
is an upper bound of (2 + o(1))(∆ − 1)bk/2c for a fixed k. The main result of this paper
is that graphs embedded in surfaces of bounded Euler genus g behave like trees, in the
sense that, for large ∆, such graphs have orders bounded from above by{

c(g + 1)(∆− 1)bk/2c if k is even
c(g3/2 + 1)(∆− 1)bk/2c if k is odd,

where c is an absolute constant. This result represents a qualitative improvement over
all previous results, even for planar graphs of odd diameter k. With respect to lower
bounds, we construct graphs of Euler genus g, odd diameter k, and order c(

√
g+1)(∆−

1)bk/2c for some absolute constant c > 0. Our results answer in the negative a question
of Miller and Širáň (2005).
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Biased graphs with no vertex-disjoint
unbalanced cycles

Irene Pivotto
University of Western Australia, Perth, Australia

(Joint work with Rong Chen)

The structure of graphs with no two vertex-disjoint odd cycles is known; more
generally, so is the structure of signed graphs with no two vertex-disjoint negative
cycles. In this talk we consider the analogous, more general problem for biased graphs.
A biased graph is a graph with a distinguished set of cycles (called unbalanced cycles)
with the property that any theta subgraph does not contain exactly one unbalanced
cycle. Examples of biased graphs include group labelled graphs (i.e. voltage graphs).

We completely describe the structure of biased graphs with no two vertex-disjoint
unbalanced cycles and give a rough idea of the proof.
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How prevalent are incomplete primitive Cayley
graphs?

Cheryl Praeger
The University of Western Australia

A Cayley graph is primitive if its full automorphism group is primitive on vertices.
Our knowledge about such graphs dates back as far as 1911 to results of William Burn-
side. I’ll look at some of these old results and also study the density of orders of the
incomplete primitive Cayley graphs.
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A generalization of Evans’ conjecture
Vaipuna Raass

University of Waikato, Hamilton, New Zealand

Any Latin square of order n with at most n− 1 entries can be completed. This well-
known result proved by Smetaniuk in 1980 was conjectured by Evans in 1960. Here
we extend this result to include multi-Latin squares. We show that any k-Latin square
of order n with at most n− 1 entries is also completable.
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Partial linear spaces with imprimitive rank 3
automorphism groups

David Raithel
Centre for the Mathematics of Symmetry and Computation

University of Western Australia

The classification of flag-transitive linear spaces was presented in 1990, and repre-
sented a significant milestone in finite geometry. This classification relied extensively
on the classification of finite simple groups, as a means of classifying the possible auto-
morphism groups for linear spaces. Without detailed knowledge of these groups, the
flag-transitive linear spaces would yet be unclassified.

Still open for classification are the flag-transitive partial linear spaces, of which lin-
ear spaces are a special example of. A complete classification of these geometries is
unlikely, as their automorphism groups are too numerous in possibility, and far from
classification. However there has been effort to classify partial linear spaces with nice
automorphism groups. Devillers has made strides classifying partial linear spaces with
primitive rank 3 automorphism groups, and only one case remains. I am working on
a classification of partial linear spaces with rank 3 imprimitive automorphism groups,
in particular those which are quasiprimitive or innately transitive – the latter class of
groups as yet unclassified themselves.

In this talk, I will discuss the means by which flag-transitive partial linear spaces
can be obtained from known groups, and outline my efforts to classify the imprimitive
rank 3 innately transitive groups, so that I might classify their associated partial linear
spaces.
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On Induced Folkman Numbers
Reshma Ramadurai

University of New South Wales, Sydney, Australia

Let r be a natural number andG be a graph of order n. It is known that there exists a
graph H such that the clique number of H is the same as that of G and every r-coloring
of the vertices of H yields a monochromatic and induced subgraph isomorphic to G.
The induced Folkman number, denoted by F (G, r), is the minimum order of a graph,
H , satisfying the above properties.

This talk pertains to the classical Folkman problem of determining F (G, r). I will
give an overview of the problem and briefly mention numerical results. Most of the
talk will be an illustration of proof techniques used in obtaining an asymptotic upper
bound on F (G, r) (best possible up to a polylogarithmic factor).

This is joint work with Andrzej Dudek and Vojtech Rödl.
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Self-Complementary Vertex-Transitive Graphs
Guang Rao

The University of Western Australia

(Joint work with CaiHeng Li, ShuJiao Song)

A graph is called self-complementary if its complement is isomorphic to the graph
itself. Self-complementary vertex-transitive graphs are the graphs that are both self-
complementary and vertex-transitive. In this talk I will give an introduction to these
graphs, and present some of the results that I have obtained in my research.
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Entanglement-Assisted Graph
Homomorphisms

David E. Roberson
Nanyang Technological University, Singapore

(Joint work with Toby Cubitt, Laura Mančinska, Simone Severini, Dan Stahlke, and
Andreas Winter)

We study a communication problem through the use of graph homomorphisms.
Suppose Alice is given a message that she wants to communicate to Bob via a one-
way noisy channel. Bob is given some partial information regarding Alice’s message
which he uses along with the channel output to determine her message exactly. It
turns out that any strategy which accomplishes this task with no error corresponds to
a homomorphism from a graph X , which depends on Bob’s partial information, to a
graph Y , which depends on the noisy channel used.

Allowing Alice and Bob to perform quantum measurements on a shared entangled
state can sometimes enable them to perform this task when they otherwise could not.
This allows us to define an “entanglement-assisted homomorphism”. These entanglement-
assisted homomorphisms share many useful properties with classical graph homomor-
phisms.

In particular, we show that if X admits an entanglement-assisted homomorphism
to Y , then ϑ̄(X) ≤ ϑ̄(Y ) where ϑ̄ denotes the Lovász theta number of the comple-
ment. We also prove analogous monotonicity results for two variants of ϑ̄: the Schrijver
number (ϑ̄−) and Szegedy number (ϑ̄+). Translated back to the communication setting,
these monotonicity results yield bounds on the achievable entanglement-assisted com-
munication rates.

This talk is based on arXiv:1310.7120.
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Discrete Mathematics and teacher/student
enrichment

Ian Roberts
Charles Darwin University, Darwin, Australia

Discrete mathematics has a greater presence in the new National Curriculum com-
pared to previous curriculums, but unfortunately still not in the “higher level” sub-
jects. At the same time it is difficult to find the word “proof” anywhere in the National
Curriculum.

I’ve been involved with pre-service teacher training, and had regular interaction
with teachers and schools for several years. I’ve been successfully using discrete math-
ematics topics for teacher PD and student enrichment activities in the NT. This clearly
works as a way of beginning communication, and quickly getting to some deeper rea-
soning that we would expect in mathematics.

This talk will explore various aspects of what has happened, what is on offer, for
example, by the Australian Maths Trust (AMT), and maybe stimulate some interest
for those who care about or want to help in the future of content-based subjects in
Australian Education.Discrete Mathematics and teacher/student enrichment
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Unique Sums and Differences in Finite Abelian
Groups

Bernhard Schmidt
Nanyang Technological University, Singapore

Let A and B be subsets of a finite abelian group G. We say that A + B contains a
unique sum if there exists g ∈ G such that g = a+ b for exactly one pair (a, b) ∈ A×B.
Unique differences are defined analogously.

The main goal in the investigation of these phenomena is to find sufficient condi-
tions for the existence of unique sums and differences. Such results have a variety of
applications, for instance, in the context of cyclotomic integers of small modulus, field
extensions, spectral properties of subsets of Fp, balanced sets, and circulant weighing
matrices.

I will present a new method to study unique sums and differences, which mainly
relies on the Smith Normal Form of the corresponding linear relations. This yields
substantial improvements upon previously known results. For instance, we obtain the
following.

Let G be a finite abelian group and let p the smallest prime divisor of the order of G. If A
and B are subsets of G with ( 4

√
12)|A|+|B|−2 < p, then A+B contains a unique sum.

The results presented are joint work with K. H. Leung.
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Some Notes on the Design of Hadamard
Matrices

Jennifer Seberry
University of Wollongong

We give some interesting, but little known facts about Hadamard matrices.
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How many characters to capture an
evolutionary tree?

Charles Semple
University of Canterbury, Christchurch, New Zealand

(Joint work with Magnus Bordewich)

Evolutionary trees illustrate the ancestral relationships of present-day species. Char-
acters describe attributes of the species and are the data typically used to infer such
trees. If we are to recover the correct tree, amongst the exponentially many possible
evolutionary trees, then it is necessary that the character data is consistent with just a
single tree, that is, the characters capture a tree. How many characters does it take to
capture an evolutionary tree?
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On critical exponents of matroids and linear
codes

Keisuke Shiromoto
Kumamoto University, Japan

The critical exponent of a matroid is one of the important parameters in matroid
theory which is related to the critical problem. A representable matroid over a finite
field is corresponding to a linear code over the field. In this talk, we give a bound on
critical exponents of linear codes and give a construction of linear codes which attain
the equality of the bound.
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Construction of New Odd Harmonious Graph
by Using Adjacency Matrices

Denny R. Silaban
University of Indonesia

(Joint work with Kiki A. Sugeng)

Let G be simple undirected graph with vertex set V and edge set E, where p = |V |
and q = |E| be the number of vertices and the number of edges in G respestively. A
function f : V → {0, 1, 2, ..., 2q − 1} is called odd harmonious labeling on G if f is an
injection that induce a bijection f ∗ : E → {1, 3, 5, ..., 2q− 1} defined by f ∗(uv) = f(u) +
f(v). A graph which has an odd harmonious labeling is called an odd harmonious
graph. For a labeled graph G, an adjacency matrix of G is a p×p matrix AG = [aij] such
that aij is 1 if there is an edge connecting vertex with label i and vertex with label j,
and aij is 0 for another. In this talk we give the construction of new odd harmonious
graph from an existing odd harmonious graph using adjacency matrices.
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Magic labelings of distance at most 2
Rinovia Simanjuntak

Institut Teknologi Bandung, Indonesia

(Joint work with Mona Elviyenti, Mohammad Nafie Jauhari, Alfan Sukmana Praja,
and Ira Apni Purwasih)

For an arbitrary set of distances D ⊆ {0, 1, . . . , d}, a graph G is said to be D-vertex
magic if there exists a bijection f : V → {1, 2, . . . , v} and a constant k such that for any
vertex x,

∑
y∈ND(x) f(y) = k, where ND(x) = {y ∈ V |d(x, y) ∈ D}.

In this paper we study some necessary and sufficient conditions for the existence
of D-vertex magic graphs. More specifically, we also study D-vertex magic graphs for
D ⊆ {0, 1, 2}.
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Runs and Palindromes: Problems and Results
in the Combinatorics of Words

Jamie Simpson
Murdoch University, Western Australia

A palindrome in a word is a factor which equals its reverse, such as bcb in the word
abcbd. A run is a periodic factor, with length at least twice the period, which cannot
be extended to the left or right. The word aababb contains the runs aa, abab and bb.
I will review some of what’s known and what’s unknown about these objects, and
something about the connection between the two.
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Game Theoretic Representations of
Semilattice-Ordered Semigroups

Murray Smith
La Trobe University, Melbourne, Australia

It is known that every semilattice-ordered semigroup is isomorphic to a semigroup
of binary relations under the operations of composition and intersection. We investi-
gate a new elementary proof of this result using two player games played on labeled
directed graphs. We demonstrate that these games are inherently infinite by giving an
example of a finite semilattice ordered semigroup that cannot be represented as a sys-
tem of binary relations on a finite set. A further contrasting result is that with an only
slightly richer family of operations it can be shown that there is no possible algorithm
to recognise the class of finite algebraic structures representable as binary relations.

murray@murraysmith.id.au Contributed talks
Schedule

91

mailto:murray@murraysmith.id.au


Chapter 2. Contributed talks 92

The distinguishing number of infinite graphs
Simon M. Smith

University of Western Australia and City University of New York (CUNY)

A graph Γ is k-distinguishable if there is a vertex-colouring of the graph, using k
colours, which is preserved only by the identity automorphism. If Γ is 2-distinguishable
and not asymmetric, then we say its distinguishing number is two.

One might expect graphs whose distinguishing number is two to have a dearth
of symmetries, but this is not the case. For example, the random (Rado) graph has
distinguishing number two, but its automorphism group is homogeneous (every local
isomorphism extends to an automorphism)!

Despite this, and other, surprising examples, it is possible to show that placing
bounds on the cardinality of the automorphism group of an infinite graph places strong
restrictions on its distinguishing number. An example of this is the following theorem
(joint with Wilfried Imrich, Tom Tucker and Mark Watkins), which relies on a deep
theorem from topology:

A locally finite, connected graph whose automorphism group G satisfies
ℵ0 ≤ |G| < 2ℵ0 has distinguishing number 2.

This holds independently of the Continuum Hypothesis.

simon.smith@uwa.edu.au
sismith@citytech.cuny.edu Contributed talks

Schedule

92

mailto:simon.smith@uwa.edu.au\sismith@citytech.cuny.edu
mailto:simon.smith@uwa.edu.au\sismith@citytech.cuny.edu


Chapter 2. Contributed talks 93

How to decide a digraph is a DNA graph
Kiki A. Sugeng

University of Indonesia

Research on DNA sequencing has stimulated research on a specific digraph which
is called DNA graph. DNA graph wasintroduced by Blazewicz et al. in 1999 who
use labeling which is known as (α, k)-labeling to define the graph. Given the integers
α ≥ 0 and k > 1. We say that a digraph D = (V,A) is (α, k)-labeled if it is possible to
label each vertex x inD with a k-length label (l1 (x) , , lk (x)), which satisfythe following
properties: (1). li (x) ∈ {1, . . . , α} ∀x ∈ V, i = 1, . . . , k; (2). For all vertices in D, every
two distinct vertex has different labels, that is, li (x) 6= li (y) , i = 1, . . . , k if x 6= y; (3).
(x, y) ∈ A if and only if li (x) = li−1 (y) , i = 2, . . . , k. A digraph which has an (α, k)-
labeling, with α = 4, is called DNA graph. On the other hand, Wang and Yuan in 2005
showed that there is a connection between DNA graph and line digraph. In this talk,
we discuss how to decide a digraph is a DNA graph and show connections between
Line Digraph and DNA graph. Moreover, we show some families of DNA graphs .
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New examples of strongly regular Cayley
graphs
Eric Swartz

The University of Western Australia

A graph Γ that is regular of degree k is said to be strongly regular if there exist in-
tegers λ and µ such that every two adjacent vertices have exactly λ common neighbors
and every two nonadjacent vertices have exactly µ common neighbors. Given a group
G and a subset S of elements of G, the Cayley graph Cay(G,S) has vertex set the ele-
ments of G, and g, h ∈ G are adjacent vertices in Cay(G,S) if and only if gh−1 ∈ S. If
for all g ∈ S, g−1 ∈ S, Cay(G,S) is undirected. Very few examples of strongly regular
Cayley graphs are known, and there are especially few known arising from nonabelian
groups. In this talk, a new strongly regular Cayley graph Cay(G,S) is constructed for
each extraspecial group of order p3 and exponent p2, where p is an odd prime, and a
new general approach to finding these graphs is discussed. No previous knowledge of
these topics will be assumed.
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On the existence of O’Nan configurations in the
Figueroa unital

Yee Ka Tai
The University of Hong Kong, Hong Kong, China

(Joint work with Philip P.W. Wong)

The finite Figueroa planes are non-Desarguesian projective planes of order q3 for
all prime powers q > 2 constructed by Figueroa (1982), and Hering and Schaeffer
(1982). A synthetic construction of these planes is given by Grundhöfer (1986). It was
shown by de Resmini and Hamilton (1998) that any Figueroa plane of square order
q6 processes a unitary polarity and hence admits a unital of order q3. We call such a
unital a Figueroa unital. Recently, Hui and Wong (2012) obtained partial results on the
structure of the Figueroa unital including the existence of an embedded classical unital
of order q, and proved that the Figueroa unital is non-classical by showing that it does
not satisfy condition (II) of Wilbrink’s. In this talk, we give an alternative synthetic
description of the Figueroa plane and the Figueroa unital, and prove that the Figueroa
unital is non-classical by demonstrating the existence of O’Nan configurations. We
also obtain further structural results on the Figueroa unital, including the existence of
many embedded classical unitals of order q.
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Circulant Weighing Matrices, Weil numbers,
and Multipliers

Ming Ming Tan
Nanyang Technological University, Singapore

A circulant weighing matrix, denoted by CW (v, n), is a square matrix of order v of
the form

D =


a1 a2 . . . av
av a1 . . . av−1
. . . . . . . . . . . .
a2 a3 . . . a1


with ai ∈ {0,±1} for all i and

DDT = nI. (2.2)

Circulant weighing matrices have been studied intensively, as they can be used for
the construction of Hadamard matrices and are closely related to difference sets and
relative difference sets. For instance, circulant weighing matrices are one of the main
tools in the study of Lander’s Conjecture [3].

Strassler [6] provided a table concerning the existence status of CW (v, n)’s with
v ≤ 200 and n ≤ 100. An update of this table can be found in [1]. Currently there are 60
open cases left in Strassler’s table, followed by [2], [5] and some further recent results.

We can express a circulant weighing matrix as an element D of the group ring Z[G]
where G is a cyclic group of order v. Based on this approach, we employ various
algebraic methods to tackle some of the open cases in Strassler’s table. Our main tools
are the multipliers and Weil numbers.

Most known multiplier theorems require v and n to be coprime. Cases with gcd(v, n) >
1 are thus often difficult to solve. Nevertheless, we can develop some stronger results
if we extend the concept of multipliers to group rings Z[ζ][G] where ζ is a suitable
complex root of unity. This method is used in [2] to solve the case CW (110, 100). We
further generalize this technique and prove the non-existences of some infinite fam-
ilies of circulant weighing matrices. In particular, we solve at least five of the open
cases in Strassler’s table. We also establish some new multiplier theorems for circulant
weighing matrices.

The image of a circulant weighing matrix under a character of the cyclic group is
a so-called Weil number in a cyclotomic field. If we can find all relevant Weil num-
bers, we can construct all elements of Z[G] which satisfy (2.2). Though powerful, this
approach often requires heavy computer assistance. By incorporating the field descent
method [4], however, we make the search for Weil numbers feasible. This gives us a
substantial advantage in solving the existence problem of circulant weighing matrices.
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Balanced C5-Foil Designs and Related Designs
Kazuhiko Ushio

Kinki University, Osaka, Japan

Let Kn denote the complete graph on n vertices. Let C5 be the 5-cycle. The C5-t-foil is
a graph of t edge-disjoint C5’s with a common vertex and the common vertex is called
the center of the C5-t-foil. When Kn is decomposed into edge-disjoint sum of C5-t-foils
and every vertex of Kn appears in the same number of C5-t-foils, we say that Kn has
a balanced C5-t-foil decomposition and this number is called the replication number. This
decomposition is to be known as a balanced C5-t-foil design.

Theorem 1. Kn has a balanced C5-t-foil design if and only if n ≡ 1 (mod 10t).
Theorem 2. Kn has a balanced C10-t-foil design if and only if n ≡ 1 (mod 20t).
Theorem 3. Kn has a balanced C15-t-foil design if and only if n ≡ 1 (mod 30t).
Theorem 4. Kn has a balanced C20-t-foil design if and only if n ≡ 1 (mod 40t).
Theorem 5. Kn has a balanced C25-t-foil design if and only if n ≡ 1 (mod 50t).
Theorem 6. Kn has a balanced C30-t-foil design if and only if n ≡ 1 (mod 60t).
Theorem 7. Kn has a balanced C35-t-foil design if and only if n ≡ 1 (mod 70t).
Theorem 8. Kn has a balanced C40-t-foil design if and only if n ≡ 1 (mod 80t).
Theorem 9. Kn has a balanced C45-t-foil design if and only if n ≡ 1 (mod 90t).
Theorem 10. Kn has a balanced C50-t-foil design if and only if n ≡ 1 (mod 100t).
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The full automorphism group of a Cayley graph
Gabriel Verret

The University of Western Australia, Perth, Australia

Let G be a finite group and let S be a subset of G. The Cayley digraph Cay(G,S) is
the graph with vertex-set G and with an arc from g to h if and only if gh−1 ∈ S. It is
easy to see that G acts regularly as a group of automorphisms of Cay(G,S) by right
multiplication. There is a long standing conjecture due to Babai et al. that, for almost
all choices of S, in fact Aut(Cay(G,S)) ∼= G. There is also a corresponding problem for
undirected graphs which is very interesting. We discuss some recent progress on both
of these problems.
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Switchings for 1-factorisations
Ian Wanless

Monash University

(Joint work with Petteri Kaski, André de Souza Medeiros, Patric R. J. Östergård)

We define four different switching graphs where the vertices are isomorphism classes
of 1-factorisations of a complete graphKn. Edges are produced by one of four different
classes of simple switchings. The structure of these graphs is studied in detail for even
n ≤ 12. We find the number of vertices, edges and components, and the radius of each
component.

For some classes of switchings we can see that the switching graph will be discon-
nected for all orders because 1-factorisations have a parity that is not changed by the
switchings. We also study situations which lead to isolated vertices, including the cel-
ebrated case of perfect 1-factorisations. For our most general class of switchings there
are isolated vertices arising from factorisations that are related to atomic latin squares.
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Maximum-sized Golden-mean Matroids
Michael Welsh

Victoria University of Wellington, New Zealand

A matroid is a combinatorial structure generalising the notion of dependence. They
arise naturally from graphs and vector spaces, as well as in geometry. Matroids that
arise from a vector space over a field F are said to be representable over F. A r-
dimensional matroid M is said to be maximum-sized within a class of matroids if any
other r-dimensional matroid in the class has no more elements than M . Matroids that
are representable over both GF (4) and GF (5) are known as golden-mean matroids. In
this talk, I will discuss some recent work towards characterising the maximum-sized
golden-mean matroids.

michael@welsh.co.nz Contributed talks
Schedule

101

mailto:michael@welsh.co.nz


Chapter 2. Contributed talks 102

On the autotopism group of the commutative
Dickson semifield K and the stabilizer of the

Ganley unital embedded in the semifield plane
Π(K)

Philip P.W. Wong
The University of Hong Kong, Hong Kong, China

(Joint work with Alice M.W. Hui, Yee Ka Tai)

Two methods, one algebraic and one geometric, are given to determine the auto-
topism group of the commutative Dickson semifield, extending a result of Sandler.
The structure of the collineation group of the commutative Dickson semifield plane
and that of the stabilizer of the embedded Ganley unital are also determined.
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Forcing a Sparse Minor
David R. Wood

Monash University

(Joint work with Bruce Reed)

We consider the following question for a given graph H : what is the minimum
number f(H) such that every graph with average degree at least f(H) contains H as a
minor? Motivated by connections with Hadwiger’s Conjecture, this question has been
studied in depth whenH is a complete graph. Thomason proved that f(Kt) = ct

√
log t,

where c is an explicit constant. Recently there has been considerable interest in f(H)
for general graphsH . SayH has t vertices and average degree d. Myers and Thomason
considered (families of graphs) H with unbounded average degree (that is, d ≥ tε for
some ε > 0), and proved that f(H) = ct

√
log d. We focus on (families of graphs)

H with bounded average degree, and prove (without the above restriction on d) that
f(H) ≤ c′t

√
log d, for an explicit constant c′ (slightly larger than c).
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Sierpiński graphs and their almost-extreme
vertices

Sara Sabrina Zemljič
Institute of Mathematics, Physics and Mechanics, Ljubljana, Slovenia

(Joint work with Sandi Klavžar)

Sierpiński graphs Snp form an extensively studied family of graphs of fractal nature
applicable in topology, mathematics of the Tower of Hanoi, computer science, and
elsewhere. Metric properties in Sierpiński graphs became interesting especially due to
the connection with the Tower of Hanoi. The structure of Sierpiński graphs is namely
similar to the structure of Hanoi graphs, and in some cases similar approaches may be
used. Knowing more about distances in Sierpiński graphs may therefore lead to new
results for the Tower of Hanoi puzzle.

The general distance formula for arbitrary two vertices of Sierpiński graphs is given
as the minimum of p values. For extreme vertices, i. e. the only vertices of degree p− 1,
(all other vertices have degree p), the distance can be expressed in a closed formula,
thus we tent to simplify the general distance formula for other vertices as well. We
define almost-extreme vertex of Snp as a vertex that is either adjacent to an extreme
vertex of Snp (called an outer almost-extreme vertex) or is incident to an edge between
two subgraphs of Snp isomorphic to Sn−1p (called an inner almost-extreme vertex). In
the case of almost-extreme vertices we can explicitly express the distance between an
arbitrary vertex and an almost-extreme vertex of Snp . The formulas are applied to com-
pute the total distance of almost-extreme vertices and to obtain the metric dimension
of Sierpiński graphs.

It is well known that there are at most two shortest paths between arbitrary vertices
of Sierpiński graphs. The shortest path between an arbitrary vertex and an extreme
vertex of Snp is always unique. But it is still not clear which pairs of vertices have
unique shortest paths and where there are two shortest paths. Vertices for which there
are two shortest paths to almost-extreme vertices were also determined (cf. Xue, B.,
Zuo, L., Wang, G., Li, G., Shortest paths in Sierpiski graphs, Discrete Appl. Math., to
appear).
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Cubic bi-Cayley graphs over abelian groups
Jin-Xin Zhou

Beijing Jiaotong University, Beijing, China

(Joint work with Yan-Quan Feng)

A bi-Cayley graph is a graph which admits a semiregular group of automorphisms
with two orbits of equal size. In this paper, some basic properties and the automor-
phisms of bi-Cayley graphs are explored. As an application, a classification of con-
nected cubic vertex-transitive bi-Cayley graphs over abelian groups is given, and using
this, a problem posed in [Cubic vertex-transitive non-Cayley graphs of order 8p, Elec-
tronic J. Combin. 19 (2012) ]P57] regarding the Cayley property of a class of graphs is
solved.

jxzhou@bjtu.edu.cn Contributed talks
Schedule

105

mailto:jxzhou@bjtu.edu.cn


Chapter 2. Contributed talks 106

Resolvable Mendelsohn designs and Frobenius
groups

Sanming Zhou
The University of Melbourne, Australia

(Joint work with D. F. Hsu)

We prove the existence and give constructions of a resolvable (v, k, 1)-Mendelsohn
design for any integers v > k ≥ 2 with v ≡ 1 mod k such that there exists a finite
Frobenius group whose kernel has order v and whose complement contains an ele-
ment of order k. In the case when k is a prime, we obtain a resolvable perfect (v, k, 1)-
Mendelsohn design. As an application we prove that for any integer v = pe11 . . . pett ≥ 3
in prime factorization, and any prime k dividing peii − 1 for 1 ≤ i ≤ t, there exists a
resolvable perfect (v, k, 1)-Mendelsohn design. As another application we prove that,
for the same v, if k is even and divides pi − 1 for 1 ≤ i ≤ t, then there are at least ϕ(k)t

resolvable (v, k, 1)-Mendelsohn designs, where ϕ is Euler’s totient function.
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Tamás Szőnyi Eötvös Loránd University szonyi@cs.elte.hu
Yee Ka Tai The University of Hong Kong taiyeeka@gmail.com
Ming Ming Tan Nanyang Technological Univeristy mmtan1@e.ntu.edu.sg
Kazuhiko Ushio Kinki University ushio.kazuhiko@gmail.com
Gabriel Verret The University of Western Australia gabriel.verret@uwa.edu.au
Ian Wanless Monash University ian.wanless@monash.edu
Michael Welsh Victoria University of Wellington michael@welsh.co.nz
Philip Wong The University of Hong Kong ppwwong@maths.hku.hk
David Wood Monash University david.wood@monash.edu
Nick Wormald Monash University nick.wormald@monash.edu
Binzhou Xia The University of Western Australia binzhouxia@hotmail.com
Toshinori Yamada Saitama University yamada@yamada-lab.net
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