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Jozsef Balogh (lllinois)

Mauricio Collares Neto (IMPA)

Andrzej Czygrinow (ASU)

Nathan Kettle (Cambridge / IMPA / $$9%)
Hong Liu (Illinois)

Rob Morris (IMPA)

Maryam Sharifzadeh (lllinois)

Jangwon Yie (ASU)

3/25 College of Humanities
and Sciences



The Forbidden Subgraph Problem

The setup...
Fix a graph H
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A Little More Formal

Definition

We'll use Hgy to represent some H € Ex(n, H).
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Classical Theorems

Let's consider K3 as our forbidden graph.
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Classical Theorems (cont.)

Erd6s-Stone, 1946
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Part 2: Multiple Copies
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A Generalization
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A Generalization

Slightly More Formal:
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Revenge of ES46

Erdds-Stone, 1946 (again)
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Erdés-Stone, 1946 (again)

So for graphs of chromatic number at least 3, the extremal
numbers for multiple copies do not change (asymptotically). But
what about bipartite graphs?
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Revenge of ES46

Erdds-Stone, 1946 (again)

So for graphs of chromatic number at least 3, the extremal
numbers for multiple copies do not change (asymptotically). But
what about bipartite graphs?

A Simple Construction
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But where is this construction extremal?

Gorgol, 2011
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Longer Paths

The hope here was that the structure extremal for a single copy of
H would extend to k- H using K_1 + He,, but...

1 4 / 2 5 .Yc)lggeyHumanities

and Sciences



Longer Paths

The hope here was that the structure extremal for a single copy of
H would extend to k- H using K_1 + He,, but...

B.-Kettle

1 4 / 2 5 .ymgge;yHumanities

and Sciences



Longer Paths

The hope here was that the structure extremal for a single copy of
H would extend to k- H using K_1 + He,, but...

B.-Kettle

Here, the extremal graph is ka_l + En—kHJH (with a single
2 2
edge added if £ is odd)
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Longer Paths

The hope here was that the structure extremal for a single copy of
H would extend to k- H using K_1 + He,, but...

B.-Kettle

Here, the extremal graph is ka_l + En—kHJH (with a single
2 2
edge added if £ is odd), and this is not Kj_1 + Hpy!
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A New Class of Graphs

Where is the given construction extremal?
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Future Directions
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Part 3: Rainbow Turan Numbers
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What if | like coloring?!

Let's restate the extremal problem slightly:
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Let's restate the extremal problem slightly:

Definition

Then,

ex(n, H) = max{||G|| : G is an n vertex H-saturated graph}.
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Let’s add those colors...

Definition
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Now we’re ready...

Then as before, we can define the rainbow Turdn number:

ex*(n, H) = max{||G|| : G is an n vertex H-rainbow-saturated graph}
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Now we’re ready...

Then as before, we can define the rainbow Turdn number:
ex*(n, H) = max{||G|| : G is an n vertex H-rainbow-saturated graph}

Studied sporadically, and then studied in depth by Keevash,
Mubayi, Sudakov and Verstraéte (2007).
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Some results...

» ex*(n,H) > ex(n, H)
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(KMSV07)
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» ex*(n, H) > ex(n, H) (if you have no copies of H, then you
have no rainbow copy of H).

» ex*(n,H) = (1+o(1)) ex(n, H), whenever x(H) > 3.
(KMSV07)

» So, what about bipartite graphs? (again!)
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Degenerate rainbows...

A few results exist...
> ex*(n, Kqp) = O(n'/%).

*k edges, k + 1 vertices
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Degenerate rainbows...

A few results exist...
» ex*(n, Ky ) = O(n'/%). (KMSV07, same as non-rainbow
upper bound!)
» ex*(n, Cyi) = Q(n' /%), (KMSV07, conjectured to be
correct order; related to a problem in additive number theory,
and likely hard)

» ex*(n, Cs) = O(n/3).

*k edges, k + 1 vertices

23 / 25 .Yolg;elofJHumanities

and Sciences



A few results exist...
» ex*(n, Kgt) = O(n'/®). (KMSV07, same as non-rainbow
upper bound!)
> ex*(n, Cop) = Q(n' k). (KMSV07, conjectured to be
correct order; related to a problem in additive number theory,
and likely hard)

> ex*(n, Cg) = ©(n*/?). (KMSV07 — matches non-rainbow
order of magnitude, but different constant!!)
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Virtually everything is open for bipartite graphs! Prove
anything!
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Virtually everything is open for bipartite graphs! Prove
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What is correct for paths?
What about cycles?
Other simple bipartite graph classes?

What about rainbow Turdan numbers for disjoint copies of

graphs?
Can we combine with generalized Turdn numbers?

Could we restrict the colorings in a different way?
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What is correct for paths?

What about cycles?

Other simple bipartite graph classes?

What about rainbow Turdan numbers for disjoint copies of
graphs?

Can we combine with generalized Turdn numbers?

Could we restrict the colorings in a different way?

DO MATH, HAVE FUN!
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VCU is actively looking for graduate students in Discrete Math!
http://math.vcu.edu/

» Ghidewon Abay-Asmeron » Dan Cranston (graph
(topological GT) coloring, structural GT)

» Moa Apagodu » Richard Hammack (algebraic
(enumerative/algebraic GT)
comb.) » Glenn Hurlbert (extremal set

» Neal Bushaw theory, comb., GT)
(extremal /probablistic » Craig Larson (automated
comb. and GT) conjecturing, GT)

» David Chan (discrete » Dewey Taylor (GT, algebraic
dynamical systems) techniques)

THANK YOU!!
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