Hyperelliptic Hodge Integrals
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Theorem (A)
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As you insert more \-classes into the integrand, these intersection
numbers exhibit more complicated combinatorial phenomena. But
that is a story for another time.



Identities in
prime rings

Jose Brox

Identities From prime rings to polynomial rings

Identities in prime rings

Z )\;jaixaj =0, forall xe R
ij=0

a algebraic with minimal polynomial p iff
n

FX,Y) = 3 XXV (p(X). p(Y))
ij=0

~

J

Main Theorem
If p = [T (X — Ai)® then £ € (p(X). p(¥)

Dxrysf(Ai,;Aj) =0

forall Aj,\jand all 0 < r <e;,0<s <e.

iff
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Plots

Identities in
prime rings

Jose Brox
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> X2(X —1) is a possible minimal polynomial, X2(X — 1)2 is not
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Coamputing Oyzygies
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Sazaaie.s 3 Alaebroic. Varieties
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of polynomiols.
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Veronese Syzygies (n=3)

¢ The stadod opprooch Using Grobnes boses bops down when 0=3 and &= 9, hut

PR

we Con covet the gquestion of computing syzygies into Lineor olgebra .
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Multistationarity in chemical reaction networks
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SIS epidemiological model

Reaction networks
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The model: Mass-action law

3Y == 2Y + X x = kiy® — koy®x + kayx?® — kax®
Y 42X = 3X y = —kiy® + koy®x — kayx? + kyx>
y y
X X
A(k) <0 A(k) >0

1 using Nemo # polynomial manipulations, exzact operations,...
2 using Polymake # cones intersection, outer mormal cone,...
3 using PolynomialRoots # find k's with some properties




Taylor Brysiewicz - Numerical Algebraic Geometry

Solving systems
@ Solve 0-dim systems by approximating solutions
@ Can prove approximate sols <+ actual sols

@ Can prove approximate sols <> real sols

Positive dim'l varieties
@ Study positive dim’l varieties via slices

@ Irreducible decomposition, multiplicity, local
dimension, etc...

@ Projections are easy

Study parameter spaces

o Great for enumerative problems (Schubert, sparse, etc)

L @ Understand special fibres

X

@ Monodromy groups

@ Search for fibres with certain properties




Classification of quintic spectrahedra

Combinatorial type a spectrahedron:
(#real singularities on 90X, #real singularities on 9X)

Theorem (Brysiewicz, Kozhasov, Kummer 2020)

There are 65 combinatorial types of quintic spectrahedra.

COmdRP2BGCC
= 2 (18,10)

£

Witnesses for each of the 65 different combinatorial types of quintic spectrahedra.




Combinatorial Aspects of Convex Algebraic Geometry
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Department of Mathematics
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Combinatorial Aspects of Convex Algebraic Geometry-Papri Dey

ALGEBRAIC GEOMETRY CONVEX GEOMETRY OPTIMIZATION
CONVEX ALGEBRAIC GEOMETRY
Main objects: compute the convex hull of a given algebraic variety or semialgebraic set
"Semidefinite Optimizationand Convex Algebraic geometry " -[BPT]
1. SPECTRAHEDRA - Feasible sets of semidefinite programming

2. DETERMINANTAL REPRESENTATION PROBLEMS

3. HYPERBOLIC POLYNOMIALS

A form F € Rixo, x1, . . .

Fle) £0
Q F(a+ te) € R[t] is real rooted for all a € R™™

, %] is hyperbolic w.r.t e € R" ! if

Consider the family of cubic forms F. = zy* — (y — 12)(y> — ¢z’) where ¢ € R \ {0}.

ol ol <



Spectrahedra-Papri Dey

@ Determinantal polynomials: f(x) = det(d>_

Hermitian matrices

@ Symmetroids: V(f), zero set of the determinant of a symmetric linear matrix form

@ Spectrahedra: S(f) := {x € RP" : >_"_ xiA; is semidefinite}.

7

CAYLEY SYMMETROID

KINZHI+RTH2HAHXTHINA+HH2 X3 NG

= | x1+x4 x4 x4
x4 K244 x4

x4 *4 *3+X4

HELTON-VINNIKOV THEOREM

LAX CONJECTURE

SPECTRAHEDRA  HYPERBOLICITY CONE GENERALIZED LAX CONJ,

SEMIDEFINITE PROGRAMMING

DeterminantalRepresentations.m2

[co]

"o XiAi) € R[x] where A;’s are symmetric or
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Curtent Researdn: Representations  of Sq coming Lrom qeomesry.
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On the deformation rigidity of smooth projective
symmetric varieties with Picard number one

Shin-Young Kim (IBS-CGP)
joint work with Kyeong-Dong Park

Sage/Oscar Days for Combinatorial Algebraic Geometry
Feb 15 - 19, 2021, Virtual Conference



1. Symmetric varieity

Theorem (2010 A.Ruzzi)

Let S be a smooth projective completion of a symmetric space

G /G with Picard number one. If S is non-homogeneous, then the
restricted root system is either Gy or Ay. Moreover, S is a section
of a homogeneous space.

Combining this with geometric Freudenthal-Tits magic square,

G/GY S C(S)
Gy G2/(SL(2,C) x SL(2,C)) Gr(3,7)N L cP* P! x P!
Gy X G2/G2 Gl’w(7, 14) N L% c p* GQ/:DOé1
A, SL(3,C)/S0(3,C) LGr(3,6) N H va(P1)
SL(3,C) x SL(3,C)/SL(3,C) Gr(3,6) N H P(T32)
SL(6,C)/ Sp(6,C) Se N H Gr,,(2,6)
Es/Fs E;/P;NH OP3

where H is a general hyperplane and L¥ is a linear subspace with
dimension k.



2. Results, global deformation

Theorem ('19, K.- and Park)

Let m: X — A be a smooth projective morphism from a complex
manifold X to the unit disc A C C. Denote by S the smooth
equivariant completion with Picard number one of the symmetric
homogeneous space SL(6,C)/Sp(6,C) or Es/Fa.

Suppose for any t # 0, the fiber X; = n~1(t) is biholomorphic to
the smooth projective symmetric variety S. Then the central fiber
Xy is biholomorphic to either S or an equivariant compactification
of the vector group C", n =dim S.
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