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@ Interesting for non-bipartite graphs.
e If x(F) = 2, the theorem states that ex(n, F) = o(n?).
@ Goal is to beat this result for certain bipartite graphs.
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kG is the graph formed by the union of k disjoint copies of G.
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e ex(n, P,) =0.
o ex(n, P3) = |2].



@ ex(n, P2) = 0.
o ex(n, P3) = |2].

e ex(n, Py) = LmJ (ZEI) + (5)



Easy for some small graphs
e ex(n, P,) =0.
e ex(n, P3) = LgJ

e ex(n, Py) = L@LJ (lgl) +(3)-
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Path ramsey numbers in multicolorings.
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o P = kP,.

N. Bushaw and N. Kettle.
Turdn Numbers of multiple paths and equibipartite forests.
Combinatorics, Probability and Computing, 2011
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B. Lidicky, H. Liu, C. Palmer.
On the Turdn number of forests.
arXiv:1204.3102, 2012
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P. Erdés and T. Gallai
On maximal paths and circuits of graphs
Acta Mathematica Academiae Scientiarum Hungaricae, 1959
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o PIkPg.
o P+ kP;.

o P= kP2
@ P = kP3 (our result).

V. Campos and R. Lopes
A proof for a conjecture of Gorgol.
Electronic Notes in Discrete Mathematics, 2015
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e k=23

I. Gorgol

Turdn Numbers of disjoints copies of graphs.
Graphs and Combinatories (2011).
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N. Bushaw and N. Kettle.
Turdn Numbers of multiple paths and equibipartite forests.

Combinatorics, Probability and Computing, 2011
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e k=23
e n>Tk

ex(n, kP3) = Gorgol(n, k)

Builds a collection Q@ = {Q1 - - - Qx} where:
e Qi CV(G).
e QiNQ =0.
° |Qi| =3.
o G[Q] contains Ps.






e A Graph G = (V, E) with e(G) > Gorgol(n, k).



o A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.



o A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

o Start with Q = ().



e A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

e Start with Q = 0.
o lIteratively find improvement for Q.



e A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

o Start with Q@ = 0.
o lIteratively find improvement for Q.
@ Stop when no improvement is found.



e A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

o Start with Q@ = 0.
o lIteratively find improvement for Q.
@ Stop when no improvement is found.

Q' is an improvement of Q if:



e A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

o Start with Q@ = 0.
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Q' is an improvement of Q if:

° |Q>[Qor



e A Graph G = (V, E) with e(G) > Gorgol(n, k).
@ An integer k < 3.

o Start with Q@ = 0.
o lIteratively find improvement for Q.
@ Stop when no improvement is found.

Q' is an improvement of Q if:
e |9 > ]9 or
e |Q'| =|9Q| and Q" has more triangles than Q.
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Local improvements
—e) e Q,UF.
..... o QUQ,UF.
----- oo ° Q:URLUQ.UF.

lee Naive complexity
..... ° O(n12k3).




Local improvements
o—o e Q,UF.
..... o Q,UQ,UF.
----- o—0 o QURUQR.UF.

Tl —

..... e O(n¥2k3).

If no local improvements are found, then |Q| > k.
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@ General improvements might be slow to compute.

@ Can prove the theorem with a small set of local improvements.
o Algorithm complexity: O(k|E|).

o Amortized O(|E|) time to find each copy of Ps.
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o We compare G and G*.

@ As e(G) > e(G*), we show that e(Q;) + e(Q;, F) — 9 > 1 for some
Q€Q.



e(Q,-)+e(Q,-,F)—9 >1 = {



e(Q)+e(Qi,F)—9>1 =

{ e(Q,-,F) Z 7
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e(Q)+e(Q,F)—9>1 = {

e(Qi)F) >7

3x; € @ d(xi, F) > 6


















o If Step 3 no longer applies, then e(Q;, Q;) < 5 for all pairs Q;, Q;
with excess edges.



o If Step 3 no longer applies, then ne(Q;, Q;) > 4 for all pairs Q;, Q;
with excess edges.
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@ Some sets Q; have many edges to vertices in F.

D (@) +e(@F) =9 > Y ne(Q Q).

i<s 1<i<j<s

o > ne(Qi, Q) >g(k)
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0 > (e(Q) +e(Qi, F)—9) < f(k)
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@ Some sets Q; have many edges to vertices in F.

D (@) +e(@F) =9 > Y ne(Q Q).

i<s 1<i<j<s

o > ne(Qi, Q) >g(k)

1<i<j<s

o 2.(e(@) +(Qi, F) - 9) < £(k)

We prove the theorem by showing that if the algorithm stops before k
copies of P3 are found, then g(k) > f(k) and a contradiction is met.



o k bigger stars.
@ Count the number of graphs on n vertices that are free of kPs3.
o Stability.



Thank you.

Questions?



