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Unfortunately, the singularities of ∆[det, m] are not even
normal [Kumar]. This is the beginning of difficulties [Next].
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This, in conjunction with Gröbner basis theory, implies that
NNL is in EXPSPACE [GCT5].

I

Recent development [Forbes and Shpilka; Guo, Saxena,
Sinhababu]: NNL is in PSPACE.

I

This is how far we can go without knowing the relationship
between VPws and VPws .

The current complexity status of the problem NNL

I

The problem NNL for ∆[det, m] is equivalent to the problem
of constructing a hitting set for VPws .

I
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The variant: Some exponential-time computable multilinear
polynomial cannot be approximated infinitesimally closely by
sub-exponential-size algebraic circuits.
The proof: Classical algebraic geometry [Hilbert, ...] +
algebraic complexity theory [Kaltofen and Trager (the crux of
the proof), Heintz and Schnorr, Kabanets and Impagliazzo,
Nisan and Wigderson].
Analogous result holds, in general, for any explicit variety in
place of ∆[det, m].
By an explicit variety, we mean any variety whose coordinate
ring has a set of generators that can be encoded succinctly
and uniformly by algebraic circuits of size polynomial in the
dimension of the variety.
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[GCT6]: The VPws vs. VPws problem is related to
foundational issues in algebraic geometry and representation
theory.

I

Hence bringing NNL to PH may need a deep synthesis and
extension of the existing techniques of algebraic geometry,
representation theory, and complexity theory.

The GCT chasm

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm (revising the earlier definition in GCT5, thanks to
[FS,GSS]).

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm (revising the earlier definition in GCT5, thanks to
[FS,GSS]).
PSPACE
NNL

PH

The GCT Chasm
NP

P

The entry to the
battleground of GCT
(the VP vs. VP problem)

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm (revising the earlier definition in GCT5, thanks to
[FS,GSS]).
PSPACE
NNL

PH

The GCT Chasm

The entry to the
battleground of GCT
(the VP vs. VP problem)

NP

P

I

This GCT chasm will have to be crossed by any approach to
the VP vs. VNP which also separates VNP from VP in the
process.

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm (revising the earlier definition in GCT5, thanks to
[FS,GSS]).
PSPACE
NNL

PH

The GCT Chasm

The entry to the
battleground of GCT
(the VP vs. VP problem)

NP

P

I

This GCT chasm will have to be crossed by any approach to
the VP vs. VNP which also separates VNP from VP in the
process. Recall: By definition, any such approach is a GCT
approach in a broad sense.

The GCT chasm
We call the existing PSPACE vs. P gap in the complexity of NNL
the GCT chasm (revising the earlier definition in GCT5, thanks to
[FS,GSS]).
PSPACE
NNL

PH

The GCT Chasm

The entry to the
battleground of GCT
(the VP vs. VP problem)

NP

P

I

I

This GCT chasm will have to be crossed by any approach to
the VP vs. VNP which also separates VNP from VP in the
process. Recall: By definition, any such approach is a GCT
approach in a broad sense.
GCT5,GCT6, and GCT7 provide a concrete GCT program to
cross the GCT chasm.
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a finite group G and two rational points v , w ∈ V , whether v and
w lie in the same G-orbit belongs to P.
I

This is a special case of the orbit-closure-intersection problem
for finite groups.
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This is why the techniques such as operator scaling and
optimization are unlikely to work for white-box PIT.
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Easiest [GCT5] [Covered in this talk] [An inherent difficulty
underneath white-box PIT]: Show that the orbit-closure
intersection problem is in P, for any finite dimensional
representation V of any reductive group G (possibly
disconnected).

Thank you.

