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Pure mathematics

Results and problems in fractal geometry

Kenneth Falconer, University of St Andrews

kjf@st-andrews.ac.uk

I will talk about a number of easily appreciated problems in fractal geometry some of which have
been solved, at least partially, and some of which remain major challenges.

I’'m a fusion system, nice to meet you

Valentina Grazian, University of Aberdeen
valentina.grazianl@abdn.ac.uk

In finite group theory, the word fusion refers to the study of conjugacy relations between subgroups
of a group. More precisely, if G is a finite group, p is a prime dividing the order of G'and S is a Sylow
p-subgroup of G, we say that subgroups X and Y of S are fused in G if there is an element ¢ of
G suchthat g~! X g = Y. The modern way to solve problems involving fusion is via the theory of
fusion systems. The aim of this talk is to introduce the theory of fusion systems, with particular
emphasis on its connections with the theorem of Classification of Finite Simple Groups.

Colouring random graphs
Annika Heckel, University of Oxford

heckel@maths.ox.ac.uk

The chromatic number of a graph is the least number of colours needed to colour its vertices so
that no two adjacent vertices are coloured the same. In this talk we will consider the chromatic
number of the random graph G(n, p), which is the random graph on n vertices where each potential
edge is included with probability p = p(n). Determining the chromatic number of G(n, p) is one of
the classic challenges in random graph theory which has been studied intensively since at least the
1970s. We will give an overview of known results for different ranges of p = p(n), before focussing
on recent developments in the dense case where p is constant and in particular whenp = 1/2. We
also discuss related colouring concepts such as equitable colourings.
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Applied mathematics

Tropical cellular automata - why urban fires propagate according
to polyhedral balls

Daniel Jones, INRIA and Ecole Polytechnique
danjones1729C@hotmail.co.uk

In order to analyse the propagation of fire in urban areas, we study a deterministic percolation
model on a regular grid in which fire propagates from a point to a bounded neighbourhood of this
point (with time constants depending on the jump). Using discrete geometry methods, we obtain
an explicit formula for the propagation speed. We show in particular that for a large time horizon,
the wave front is close to the boundary of a ball with respect to a polyhedral weak-Minkowski semi-
norm which can be determined analytically from the time constants. We illustrate the model by
simulations on data from the Kobe fire following the 1995 Southern Hyogo Prefecture Earthquake,
indicating that this deterministic model gives an accurate account of actual urban fires.

Uncovering the malignant interplay of geometrical, physical and
molecular drivers of tumour progression through mathematical
models

Fabian Spill, University of Birmingham
f.spill@bham.ac.uk

Cancer is long known to be a genetic disease, where mutations drive malignant behaviour such
as increasing cellular growth or causing the cells to migrate to distant organs, leading to deadly
metastases. Yet, it is increasingly appreciated that genes are not everything, and the behaviour
of cancer cells is highly context dependent. Physical properties are some of these factors that
may vary in different tumours and cause different cell behaviour, and the geometry of a cell may
also determine its malignant potential. For instance, recent evidence shows that cellular forces or
extracellular stiffness of the tumour may change the conformation of signalling molecules within
tumour cells, which thus changes their biochemistry and may increase their malignant behaviour.
This means that molecules in intracellular reaction networks may not necessarily be approximated
by point particles, but the forces acting on them may need to be taken into account. Similarly,
many mathematical models describing reactions within cells assume these molecules are well
mixed. Yet, in reality, many molecules localise to specific compartments within the cell. Changes in
the geometry of the cell may then redistribute the molecules, altering their effective biochemical
behaviour. In this talk, | will show some examples of mathematical models that take the geometry
of the cell or physical forces into account and show how this can lead to novel insights into the
behaviour of cancer cells.

Nanoscale free surface flows: modelling beyond Navier-Stokes-
Fourier

James Sprittles, University of Warwick
J.E.Sprittles@warwick.ac.uk
Understanding the behaviour of liquid-gas interfaces at the micro and nano scale is key to a myriad

of phenomena, ranging from the formation of clouds through to 3D printing. Accurate experimental
observation of such phenomena is complex due to the small spatio-temporal scales of interest and,
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consequently, mathematical modelling and computational simulation become key tools with which
to probe such flows.

As the characteristic scales of interest become comparable to microscopic scales, for a gas the mean
free path and for a liquid the molecular diameter, the basic Navier-Stokes-Fourier (NSF) paradigm
no longer provides an accurate description of the flow physics. However, microscopic models
such as the kinetic theory of gases or molecular dynamics (MD) of liquids become computationally
intractable for many flows of practical interest. Inthistalk | will consider a number of approaches to
going beyond NSF, whilst remaining in a continuum framework that allows for efficient computation
and clear analysis of results.

I will consider two specific free surface flows which are influenced by nanoscale physics, namely,
the breakup of liquid nanojets, where MD will provide a benchmark, and the role of gas nano films
trapped under impacting of liquid drops, where we can compare directly to recent experimental
observations. In each case a model going beyond NSF will be developed and its implications will be
discussed.



Pure mathematics

Graded multiplicities in the exterior algebra of the little adjoint
module

Ibukunoluwa Ademehin, University of Manchester

The algebraic problem of decomposing the exterior algebra of a Lie algebra g-module is as old as
Kostant’s work on the structure of the invariant ring of the exterior algebra of the adjoint module
of a simple complex Lie algebra g. | will be talking about the graded multiplicities of the invariants
and the little adjoint module in the exterior algebra of the little adjoint module, obtained from
Macdonald’s and Cherednik’s weight functions and inner products on irreducible characters of
g-modules and from an application of Cherednik’s algebra with unequal parameters on Weyl orbits.
I will show how these results shed some light on other submodules/subalgebras of the exterior
algebra of the little adjoint module linking my work to the recent results of De Concini, Frajria, Papi
and Procesi.

The Schrodinger equation and the wavelet transform
Fadhel Almalki, University of Leeds

This research is joint work with Vladimir V. Kisil

I will present a method of reduction that leads to an exact generic solution to the Schrédinger
equation based on using basic properties of the wavelet transform of nilpotent Lie groups, the
Heisenberg group and a three-step nilpotent Lie group which has been referred to as anharmonic
group. The method reveals an interesting connection between the wavelet transform of the
anharmonic group and the notion of the squeezed states in quantum optics.

Fractal-Dimensional Properties of Nondecreasing Levy Processes
Adam Barker, University of Reading

We consider the box-counting dimension of sets related to nondecreasing Levy processes (subordi-
nators). It was recently shown in[2] that U (§) N (¢, §) converges to ¢ almost surely as ¢ tends to zero,
where N (t, ¢) is the minimal number of boxes of size at most ¢ needed to cover a subordinator’s
range up to time ¢, and U (9) is the subordinator’s renewal function. The main result is a central limit
theorem (CLT) for N (¢, §), complementing and refining work in [2].

Box-counting dimension is defined in terms of N (¢, 0), but for subordinators we prove that it can
also be defined using a new process obtained by shortening the original subordinator’s jumps of
size greater than ¢. This new process can be manipulated with remarkable ease in comparison
to N(t,¢), and allows us to understand the box-counting dimension of a subordinator’s range in
terms of its Levy measure, significantly improving upon [2, Corollary 1]. Corresponding CLT and
almost sure convergence results for the new process are then given for all subordinators with
fractal structure (those with infinite Levy measure).

[1] A.Barker. Fractal-dimensional properties of subordinators. J. Theor. Probab. (accepted), 2018.
[2] M. Savov. On the range of subordinators. Elec. Commun. Probab., 2014.



Existence of extremizers for a Strichartz estimate for the fourth
order Schrodinger equation

Gianmarco Brocchi, University of Birmingham
This research is joint work with Diogo Oliveira e Silva and René Quilodran

In dispersive PDE, Strichartz estimates are a fundamental tool in understanding the evolution
of waves. The search for extremizers in the corresponding inequalities is an active area of re-
search, and is intimately related with the study of the Fourier extension operator from certain
hypersurfaces. In this talk, we discuss a sharp Strichartz estimate for the fourth order Schrédinger
equation. A careful analysis of the convolution measure on the quartic shows that extremizers for
this inequality do exist.

A bandwidth theorem for approximate decompositions

Padraig Condon, University of Birmingham

This research is joint work with Jaehoon Kim, Daniela Kiihn and Deryk Osthus

We provide a degree condition on a regular n-vertex graph G which ensures the existence of a near
optimal packing of any family H of bounded degree n-vertex k-chromatic separable graphs into G.
In general, this degree condition is best possible.

Here a graph is separable if it has a sublinear separator whose removal results in a set of compo-
nents of sublinear size. Equivalently, the separability condition can be replaced by that of having
small bandwidth. Thus our result can be viewed as a version of the bandwidth theorem of Béttcher,
Schacht and Taraz in the setting of approximate decompositions.

As an example, our result implies that if # is a family of bounded degree n-vertex trees with
|| < (1 —o(1))d/2and G is any d-regular n-vertex graph withd > (1 + o(1)) n/2, then there is an
(edge-disjoint) packing of these trees into G. This yields an approximate version of the tree packing
conjecture of Gyarfas and Lehel in the setting of regular host graphs of high degree.

Rainbow [ -factors

Matt Coulson, University of Birmingham

This research is joint work with Peter Keevash, Guillem Perarnau and Liana Yepremyan

The study of rainbow substructures goes back to the Ryser-Brualdi-Stein conjecture on transver-
salis in Latin squares which can be thought of as rainbow matchings in properly edge coloured
complete bipartite graphs. A subgraph H of the edge coloured r-graph G is called rainbow if every
edge of H has an unique colour.

For any r-graph H, we consider the problem of finding a rainbow H-factor in an r-graph G with large
minimum ¢-degree and an edge-colouring that is suitably bounded. We show that the asymptotic
degree threshold is the same as that for finding an H-factor.

Bochner-Riesz Means on H-Type Groups

Adam Horwich, University of Birmingham

Let G be a stratified Lie group G and { X3, ..., X,,} be a set of invariant vector fields forming an
orthonormal basis of the first layer of the corresponding Lie algebra. A sub-Laplacian on G is then
defined by L = — " | X; with the Bochner-Riesz operator T?* given by (1 — rL).

The question of when T} f — f almost-everywhere asr — 0 has been studied in many contexts.



We briefly recall the known results for R™ [1] and when G is a Heisenberg group [2]. We will then
discuss a result for H-type groups that also helps to simplify the proof of [2].

[1] Anthony Carbery, José L. Rubio de Francia, and Luis Vega. Almost everywhere summability of
fourier integrals. Journal of the London Mathematical Society, s2-38(3):513-524, 1988.

[2] Dirk Gorges and Detlef Miiller. Almost everywhere convergence of bochner-riesz means
on the heisenberg group and fractional integration on the dual. Proceedings of the London
Mathematical Society, 85(1):139-167, 2002.

Recent developments in the study of finite p-groups and Higman'’s
PORC conjecture

Seungjai Lee, University of Oxford

Study of finite p-groups has always been one of the major topics in group theory. In 1960, Higman
conjectured that the function f(p™) enumerating the number of groups of order p™ is Polynomial
On Residue Classes (or PORC), which means for a fixed n, there is a finite set of polynomials in
p,91(p), 92(p), - - ., g1 (p), and a fixed integer M, such that for each prime p, f(p™) = g;(p) for some
i (1 < i < k), with the choice of i depending on the residue class of p mod M. This is one of the
fundamental conjectures in the theory of finite p-groups, and is still open for n > 8. In this talk | will
survey some recent developments made on the conjecture.

Getting what you pay for: an introduction to algebraic K -theory
Dylan Madden, University of Warwick

An important notion in modern mathematics is that of an invariant. Informally, one may think of an
invariant as a kind of machine which takes in one kind of mathematical object and spits out another,
such that the output encodes information about the input. One elementary example would be the
‘machine’ which takes in a vector space and spits out its dimension.

Unsurprisingly, not all invariants are created equal. Some are ‘expensive), that is, difficult to calcu-
late, while others are ‘low-quality’, that is, not containing much information. In this talk, we will
focus particularly on algebraic K-theory, which is an invariant of rings. We aim to demonstrate that
K-theory is often difficult to calculate, but that the payoff for doing so is correspondingly large; in
other words, you get what you pay for.

Equicontinuity, Transitivity and Chaos

Joel Mitchell, University of Birmingham

We provide a classification of topologically transitive dynamical systems in terms of equicontinuity
pairs. We define what it means for a system to be eventually sensitive; we give a dichotomy for
transitive dynamical systems in relation to eventual sensitivity. We discuss Devaney chaos and
suggest an alternative, weaker, definition of chaos for which we give some modest results.



A Hausdorff measure result for a problem of approximation by
polynomials

Alessandro Pezzoni, University of York

The study of the set L,,(w) of points « € R for which there are infinitely many integer polynomials
of degree up to n such that
|P(x)| < H(P)™"

has a long history, which dates back to 1932 with Kurt Mabhler. In this talk we will introduce
this problem in the context of Metric Number Theory and we shall show how to determine the
generalised Hausdorff measure of Ls(w) for a given dimension function g. Time permitting, we will
also discuss how one might try to do this for n > 3.

The Noetherianity of some Idealiser Subrings
Ruth Reynolds, University of Edinburgh

In aring R, the idealiser of a right ideal I in R is the largest subring of R in which I becomes a
two-sided ideal. Idealisers often have interesting properties and can exhibit pathological behaviour.
In particular, in this talk we will describe the noetherianity of idealisers in certain noncommutative
rings.

Maximal Cocliques in PSL,(q)

Jack Saunders, University of Birmingham

The generating graph of a finite group is a graph whose vertices are the elements of the group and
an edge is drawn between two vertices whenever these two elements generate the group, thisis a
structure which may be used to encode certain information about the group. We investigate the
maximal cocliques (totally disconnected induced subgraphs) of the generating graph of PSL;(q) for
g = p™ a prime power and provide a classification for when n = 1. We then outline an example for
n even which shows that this result does not extend to the general case as-is.

Jordan-Lie inner Ideals of associative algebras

Hasan Shlaka, University of Leicester
This research is joint work with A. Baranov

A subspace B of a Lie algebra L is said to be an inner ideal if [ B, [B, L]] C B. Suppose that L is a Lie
subalgebra of an associative algebra A. Then an inner ideal B of L is said to be Jordan-Lie if B2 = 0.
In this talk, we describe Jordan-Lie inner ideals of the derived Lie subalgebras of finite dimensional
associative algebras over an algebraically closed field F of characteristic not 2 or 3.

Solvability of boundary value problems for the Schrédinger equa-
tion with non-negative potentials

Andrew Turner, University of Birmingham

We consider Schrédinger equations of the form div AVu + Vu = 0, where V is a non-negative
potential and A is a complex-valued, bounded multiplication matrix. We prove well posedness for
boundary value problems in the upper half-space with L2-Neumann and Dirichlet boundary data



when A is complex Hermitian or of a certain block-type. We build on methods for unperturbed
second-order elliptic systems by incorporating the potential V as an additive perturbation of a first
order system D B with bounded holomorphic functional calculus.

On Julia sets for quasimeromorphic mappings

Luke Warren, University of Nottingham

Within complex dynamics, the key objects of study are the Fatou set and the Julia set. These are
sets that partition the complex plane into ‘stable’ points and ‘chaotic’ points, based on the behaviour
of the iterates of the function at that point. Quasiregular and quasimeromorphic mappings form
higher dimensional analogues in real space of analytic and meromorphic mappings respectively. It
is therefore reasonable to ask whether there is analogous Fatou-Julia theory in the new setting.

In this talk, we shall begin by briefly introducing Fatou and Julia sets from complex dynamics. From
here, we shall introduce quasiregular and quasimeromorphic mappings with some examples. Then
we shall briefly discuss the Fatou-Julia theory in the new setting, concluding with a new definition
of a Julia set for quasimeromorphic mappings with an essential singularity at infinity and at least 1
pole.

Applied mathematics

The bending edge wave on an orthotropic elastic plate supported
by the Winkler-Fuss foundation

Saad Althobaiti, Keele University

We consider bending edge wave on a semi-infinite orthotropic Kirchhoff plate Kirchhoff plate
supported by a Winkler-Fuss foundation [1]. Then from the analysis of the dispersion relation, a
local minimum of the phase velocity is observed. Due to a presence of a foundation, the bending
edge wave possesses a cut-off frequency.

This local minimum is associated with the critical speed of the moving load. It is shown that
the steady-state solution of a problem for moving bending moment corresponds to a beam-like
behaviour on the edge. This feature is then confirmed from the specialised parabolic-elliptic for-
mulation, oriented to extracting the contribution of the bending edge wave to the overall dynamic
response.

Mathematical Modelling of Buruli Ulcer Lesion Development

Fatumah Atuhaire, University of Southampton

This research is joint work with Rachel Simmons (University of Surrey), Ben MacArthur (University of Southampton) and
Rebecca Hoyle (University of Southampton)

Buruli ulcer (BU) is a neglected tropical disease caused by infections with Mycobacterium ulcerans
(M. ulcerans). When M. ulcerans enters the subcutaneous fat, it secretes a polyketide derived
macrolide lipid toxin known as mycolactone. This toxin is responsible for skin cell death leading
to large wound ulcers observed in the BU disease. Cells also die because of ischemia (lack of



oxygen) caused by interrupted blood supply. We are developing a mathematical model which uses
partial differential equations to describe the space time dynamics of bacteria, mycolactone, skin
cell density as well as oxygen concentration. Our results show how direct toxicity and ischemia
cause cell death and lesion formation.

Comparisons between BEM and MFS solutions in composite bi-
material domain

Taysir Dyhoum, University of Leeds

This presentation discusses solving the direct problem for electrical resistance tomography (ERT)
using the boundary element method (BEM) and the method of fundamental solutions (MFS). The
mathematical model is governed by Laplace’s equation with the most general boundary conditions
forming the so-called complete-electrode model (CEM) in a composite bi-material case. The MBE
and MFS solutions are represented by the potential, current flux and the voltages on the boundary
and the interior potential. They are compared in terms of accuracy, convergence and stability. The
BEM was considered as the ‘exact’ solution because in such ERT problems the analytic solutions
are impossible to obtain and its solution is convergent and stable. Whilst the MFS needs much less
computational work and places some restrictions on the number and location of the source points.

Analysis of the dispersion relation for an incompressible isotropic
elastic three-layered laminated structure with free faces

Maha Mohammed Helmi, Keele University

This study considers long-wave propagation in elastic layers. We impose the constraint of incom-
pressibility on a linear isotropic 3-layered structure with traction-free upper and lower boundaries.
The dispersion relation is obtained by applying solutions of the proposed boundary-value problems
in the form of travelling waves, taking into consideration symmetric and antisymmetric cases. The
numerical and asymptotic analysis of dispersion relation for both aforementioned cases is carried
out. The dispersion relations are analysed numerically to identify their principal properties as well
as to distinguish between different asymptotic regimes of wave propagation. Finally, a complete
long-wave asymptotic model for low-frequency motion is presented.

[1] Yibin Fu and Graham A. Rogerson. An asymptotic analysis of the dispersion relation of a
pre-stressed incompressible elastic plate. Acta Mechanica, 111:59-74, 1995.

[2] Michael Lutianov and Graham A. Rogerson. Long wave motion in layered elastic media. Interna-
tional Journal of Engineering Science, 48(12):1856 - 1871, 2010.

[3] G Rogerson and Kevin J. Sandiford. The effect of finite primary deformations on harmonic
waves in layered elastic media. International Journal of Solids and Structures, 37:2059-2087, 04
2000.

A stochastic epidemic model for interacting populations

Sophie Meakin, University of Warwick

Heterogeneity in the interaction between individuals plays an important role in the dynamics, per-
sistence, evolution and control of infectious diseases. This can be incorporated into epidemiological
models by dividing the population into multiple interacting subpopulations; however, a limitation of
this approach is how to infer the level of interaction, or coupling, between the subpopulations. We
present a method that circumvents this problem by finding an analytic relationship between the
coupling and correlation between the number of infected individuals in a pair of populations; the



coupling can then be estimated using more widely-available data on disease incidence. We show
that our result holds for a range of parameter values and is supported by stochastic simulations,
using a measles-like disease as a specific example. Our result can also be generalised to three or
more populations, to asymmetric transmission or to non-identical populations.

Modelling The Gene Regulatory Network Governing Efflux Pump
Expression In Gram-Negative Bacteria

George Youlden, University of Birmingham

Efflux pumps are an essential mechanism for bacteria that can account for antibiotic resistance.
If an efflux pump can expel an antibiotic so that its concentration within the cell is below a killing
threshold the bacteria can become resistant to the antibiotic. Efflux pumps may be specific or
they may pump various different substances and compounds. The latter is one main reason that
many efflux pumps are linked with multi drug resistance (MDR). In particular over expression of the
AcrAB-TolC efflux pump system is commonly linked with MDR in both E. coli and Salmonella. We look
at the complex gene regulation network that controls expression of genes central to controlling the
efflux pump genes acrAB and acrEF in Salmonella. By using mathematical modelling, we represent
this gene regulatory network as a model in the form of a system of ordinary differential equations
(ODEs). Using time dependent asymptotic analysis, we can examine in detail the behaviour of the
efflux system on various different timescales. By obtaining asymptotically approximated steady
states, we are then able to look into various different methods to inhibit efflux pumps to counter
MDR.

10



Conference

The School of Mathematics is situated in the Watson Building, labeled R15 on the campus map on
the next page. Lunch will be held at the Staff House (R24). Both buildings are located in the red
zone of the map which can also be downloaded at:

https://www.birmingham.ac.uk/Documents/university/edgbaston-campus-map.pdf

Accessibility

The ground floor of the Watson Building is accessible via the main-/west-entrance. To take the
lift to the first floor, enter on the basement level through the east entrance. There are two sets of
non-automatic doors on this level. Please contact the organisers if you require any assistance.

Conference Dinner

The conference dinner will be held at:

Jamie’s Italian
Birmingham Middle Mall
Bullring Shopping Centre
Birmingham B5 4BE

https://www.jamieoliver.com/italian/restaurants/birmingham/

The easiest way to get there from the University of Birmingham is to take the train from Birmingham
University Rail Station (on the western end of campus, next to the canal, see campus map) to
Birmingham New Street. Any train departing from platform 1 will call at New Street station. From
there, it is a 10 minute walk to Jamie’s.

11


https://www.birmingham.ac.uk/Documents/university/edgbaston-campus-map.pdf
https://www.jamieoliver.com/italian/restaurants/birmingham/

1

IleH Wewer o)

J00yog weyBug o Ausionun
pue sndweo yeo oS o)
Ajuo ssadde uewysapad
uoonzsuoo
Jopun - 390[q
JenuBpISa: Mo

saydlid sHods

sseul4 3 podg
L0

1e)

SHOTIFONVHO
JONVHLNT NIVI § B

TOOHOS
S.ayvma3
DN

a5usQ spods
mouuny
scd
(ii]#]

Mied 18
Ase3 yuol

[d] 69

o

] 595‘
prELe

auinogseluIm

@
(]
H
VO Siyys

LS 6BueID UojuIOH
€19 -
clouisom GLD B ey (’
5] \7A, @ousiajuod

<
S

s O

A\

sued Jey
PeOY SHeuAd

osnoH yue
O, ) 19
5

asnop seon 91E)

95N0H N09G Jeled L rof _

Fed pRYsiond LY
@duBIejU0D)

fouuidg ayy
peOY SHEYOld €1

’ aBejiA
sied sneyad

— oSnoH SWEUOWIY

5] P&E»o [eiveq pue.
sooeld [EOpR
68

28n0H iegt

619

' 02D

Kiosiny feq

.E,m oL

uno) sjuuay

270¥ 1354300
yjedjoog sleA YL

(T 19) uspiey pue
9SNOH UINOQIBIUIMN

(7¥) ABojoay Jo
wnasn|y ypomde]
(1) sKy aul4 Jo

alnysu| Jagreg

21qnd oy uadp

8

E rRUOIRISURI

1N0J) S,J0][92UBYD Wol)
owi) sjjem oBelane

I'ey

|resy aanjdjnog
abpuq [eue)
W1V

sjalioL.

e}y

Suup pue poo

pre jsig

wnasnpy

Aresqi

sdojs sng

Aunoss unoy g
[epdsoH

stied Jed sIoysIA
sdajg

9OUBLUS SS9 [9AS7]

juiod uonewou|

0

SuooRINE [BINYND

uIpeN

BEEHENERG®

BB &

YiesH olignd 4 LA
yiesH [euoednooQ 9LA
sauoyeloqe] Buussuibug IND GLA
$90UBI0G UoIE}|Iqeyay
pue asiosex3 ‘Wodg | A
doysyiop BuuesuiBug [eolwsyy LA
Buusauibug jeoiwayoolg gLA
Buussuibug [eoiway) | LA
dousiosolg Bl O LA
90uaI0g JeIndwo)  BA
1S9\ AiisiweyD  gA
SuapJer) pue SpunoIL) LA
Buip|ing eoueusuUEl QA
1S9/ salelsy  GA
SINH 8%Bl9] A
Buipjing Buuesuibug
[INID pUE [EDIUBYOSN €A
Buip|ing ysome  gA
wniseuwdn plO LA
2UO0Z MOJ|oA

9SNOH HOOG 49%ed L 1D

9SNoH seon g5

8SNOH Yuen v LD

abuelr) uojuloH g 15

Yl 9oUBIBJUOYD) BUOZ UDDIL)
KiasinN Aeq swi3 ggo

jueld swig 0O

OSNOH Yied 61D

pleysiond 81O

2I8WISOMN G 1D

uap.er) pue 9SNOH SUINOCUBIUIAA G LD
Buipjing uosjooIN | 1D

peoy sHeyodld ¥S 0L

peoy speyonid g 69
Buipjing ddey pegsin 8o
Kiojeloge] adeyg 1oN DYl LD
sreuale|\ pue ABinjelsy 95
alua) Jeindwoy gn
peoyswige v

oInyisu| yoseesay ueadoiny go
peoy speyold Le g9

peoy sneyolid ge 1D

Qauoz usain

ssoully ® wodg 4O
8snoH lepe) 90
9snoH yoseg GO

8SNoH ysy  ¥O

asnoH AusieAlun €0

I[eH siouel41S O
sjuspnmig Jo piny 8yl Lo
auoz abueip

(O¥SH)
21lUaY) YoIeasay S90USI0g YieaH glg
weybBuiwig qnHolg L 1g
Kyjoeq saidessy| paouerpy 0L g
211ua)) [BIUS(Q pUE BONOEIH [EOIPON  6Y
Kdoosoujoadg HIAN Jejnosjowolg
1o} Buipjing awoojjopn AiusH  8g
OAUQUSDUIA 06 L9
sed yoseesay 9g
Buip|ing |lemoH siuaQg pue
SaIPNG JeouB) 10} BINMISU| YNYD GE
yoseasay [eolul)
40} SINiIsul USNHY Heqoy  vg
Ayjioe4 yoseesay |eolUlD SWOD|BAN €9
159 gl Buipnjour
yoJeasay [eolpawolg Jo ainyisu|  gg
100Yog [edIpaN 19
auoz anijg

Areiqr urepy oey

Buip|ing sielfep UelY 8L 62Y
anua) Bulures ke 8zY
Buip|ing seousiosolg LzY
Aydeiboary 9zy

aJjue)) spodg molunj GgY
9SNoH YeIS v

anua) Aysienun ggy

Jomo] pesyiniy 12y

Bulpiing yuws B r 0gY

Buipjing uoieonp3 61y
Buipjing euooyreng gLy
Buipjing Asysy 41y

Buiping suy 91y

Buipjing uosiepy G LY

SHY dul4 Jo alnisu| Jagieq 1Y
Buipjing Bunukod g1y
ng oIsn| |lewelg Z Ly
SOISAyd [BOIPON | 1Y
1se3 soishuyd 01y
PIRWNN 64

1sop soishyd 8y
gnH UepNIS — o oISy LY

IleH 18915 — qgap uolsy 9y

%00|g g — G99 uoisy Gy

wnasn yuomde] — qgapa uolsy vy
Buping silH - €y
Ing puepjuely gy
Bupiing me7 1y
auoz pay

Bur

Bul

auoz Aq sbBuip|ing o3 xapu|

dej sndweq) uoiseqbp3




