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Semidefinite method — tool from Flag Algebra framework
Powerful tool, shed light to many long standing open problems

max () subj. to A=0 max<in orient graph min & + % in perm

o

Typical instance max g (H) subject to constraints on g
q€

where LIM = {homomorphisms qg:q(F)> 0}
Hatami-Norin: Given Z = ZaF x F,3q: q(Z) < 0 is undecidable
Idea relaxation, optimize over superset of LIM — semidefinite prg

Duality find specific Cauchy-Schwarz inequalities — give certificate

Such search: automatized and computer assisted (SDP solvers)
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AIM: exa(n, K, ) = 7 + O(1)
Codegree assumption: A — % > 0 for every choice of {1,2} C V

Use computer / SDP solver to prove identity for K, -free 3-graphs:
1 L]
[(A=3) xbnH] +3 e Feldoul, =" —3xA

1 2 12 I3
for some by > 0, cp > 0, and D > 0 positive semidefinite matrix
—0s " 3IxA = As)

® ¢ >0 < F is 7-vertex non-tournamentable 3-graph

® choose 0g, 01,0, the 4-vertex types in v} Dvs ...

® .. .use structure of D — tight 5-vertex path from ab to cd

® —> we can construct auxiliary T¢ s.t. E(H) = /:l( Ts)

by codegree assumption T¢ is quasi-random, hence H ~ EHF
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Conclusion T hank you for your attention!

Theorem: exa(n, K, ) < | 22| for n large enough.

exo(4k —1,K, ) = k <= skew Hadamard 3 for 4k

Conjecture: exa(n, Ky) = 5 +o(n) ?

When does d-weakly-QR H contain F? e(H[S]) ~ d- (5) vS C v

Theorem (Glebov, Kral', JV): e(H[S]) > :(5)) + o(n®) VSCV

1

= H contains K, — In particular, exywq(K; ) = 7

Question: Is lim 1 .exp(F) > exyq(F) for every F?
n—o0

Question™: H is d-wqr = large S C V: Vcodeg > d|S| in H[S]?



