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We can re write Turan Bose Burton Theorems using matroids

M G matroid associated with graph G

PG n 1 q P Fq

ex M N max size of M EM s.t M is N free

Turan ex M Kn M K E

Bose Burton ex PG n t.gl PG te al 8iit.tt

Q ex Mn
N

Universal rank n matroid Mn
that contains all rank n matroids
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Thm Kahn Kung 82

There are only 5 universal models for matroids

Projective geom PG u 1 q Matchisthe germ

Dowling germ Qu 7 11 1 1
Origami geo

m

Free matroids

Un.no o

Dowling Geometries Qu 7 Matroids associated with multi graphs
edge labelledbyafinitegrou.pt

T7___1
1

T 2 Graphs Q nu 2 M kn

Signed Graphs
L



Group labelled graphs Frame matroids Zastarsky 8.90s

Biased graph G B graph G collection of cycles
satisfying property

CE B is called a balanced cycle

Frame matroid of G 3 is the matroid on E whose circuits

are

00000
Beg3 all cycles FM G 3 cycle matroid M G

FM G 3 bicircular matroid
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G graph with a reference orientation G

4 El loops 7

Cycle C e ez e 122 is balanced if

4Cc 4 e ixece.ie x ele
is the identity where G

f
whether ei agrees C or not

eg Z3
9 C 0 1 2 0

4 D 2 0 2 0國

2
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K V 1 2 3 n

i j with icj 171 edges from i to j
labelled by the elements of 7

a loop attached to each vertex i

a d No balanced cycles FM KE

KE I circuits Said ii

032
Qn 7 FM Ki

E

03
7



5

FM8L.SI81 M
PIT

4
ex Qm 21 Qu Z ex M Ku M Ke

벌
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FMIT.IT8 M EE_Yi
4ex

Qnu Zi Qn Z ex M kul M Ke

벌

Th m Campbell K van der Pool If n t 23 T T 2

ex Qn 7 Qe i 1 nll ntt I
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Turin density a T N him 494P
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a T M CKE Einen

q



Moreover

ex Qn Z21 M KI Err L를 JL.tn t O t 3

e 2 sister

끖
If t even
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switching e
313181131 yen.tt

i131i 114

g
new

Two suithing equivalent 7 labelled graphs induces the same

frame matroid
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switching e

ii 義 苽 it
4 g

new

Two suithing equivalent 7 labelled graphs induces the same

frame matroid

G H C KP
G has a balanced H copy If G has a subgraph switching Isomorphic

to H

Le G has a balanced H copy FM G S FM H
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β
is쭉 v by t at U i t

4 g
new

Two suithing equivalent 7 labelled graphs induces the same

frame matroid

G H C KP
G has a balanced H copy If G has a subgraph switching Isomorphic

to H

Le G has a balanced H copy FM G S FM H

Let Hi Hi Hm be all 7 labelled graphs s.t.FM Hi FM H

up to switching isomorphism

Lee FM H C FM G G has a balanced Hi copy for some i
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eg 7 22

H 6 0'5 A

H H H2 2nd

G c kk has no balanced 21 0 03 copy

If FM G has no circuit of size 3
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Th If t 5 7 finite group

a T M CKE E4
th

Eri's Stone Simonovitz

graph H i
2

ㅠ P M H 4in
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Proper ex Q n T N thi e ex Qn 77 N if P 7

ㅮ
G C KP realizing extremal example so no N submatroid
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Proper ex Qn 7 N thi e ex Qn 77 N if P 7

ㅮ
G C KP realizing extremal example so no N submatroid

6212110 in ages if m edges

are labelled by T
vertices m edges
1

ㅠ P MHI 4A12
pf ex Qn 7 MCH Pl ex Qn Z M H

lil ex
graph

ntl H

Co2 a T N O ES N M bipartite graph



Es type bound is not tight
Th Mantel's them for Dowling geometries a P MCK31

ex Qn 71 M KI L4n if 7 2 1 2

ㄴ

5쯜

212 17124 2 171

FM100210 M K3

T



Th If 7 2 or T has no element of order two
a P M K4

Otherwise a P M Ka
21꾰
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Th If 7 2 or T has no element of order two
a P M K4

Otherwise a P M K41 로 黑

告 ㅠ 22 22 M K4 믐 0.5833

0.6154 a 24 MCke

FI
ii

Eddi 0
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When a P H 사가가구

A pair P H is critical if there is no H C ki st

FM H FMCH

H is loopless

X H X H

1로 If 7 H is critical a T MCHI 4Th
size i.e

Pt t X H ID3
e

effaced
edge blow up of Tnt

i

D 171 edges
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eg 7 Ke with t 25 is critical ㅍ T K E
M KE has a basis B st the circuit in Bt e has size 3

o for any e E EIB

龍一譴
loopless H C KE st FM H M KE

B should be a tree

趨

tight
ti is complete

B is a t star Kt is 7 critical
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eg2 Ku is not Z2 critical

兀 Z2 K4

EMI 68.1b7 M1 ec
e

b

For 171 4 Ks is not 7 critical

兀 P K3
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Questions

1 Determine a T M K4 for T Iz that contains an element

of order 2

남 ㅠ 22 22 M K4 믐 0.5833

0.6154 a 24 MCke

2 I Aut I Aut 교 1 a CT N 피교 NI

3 For H bipartite can you compute

ex Qn M H N
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