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F — family of sets in R?

RECOGNITION(F)
Does a given hypergraph H = (V, E) have an & -representation?

» NP-hardness (dR-completeness) for half spaces
[Tanenbaum, Goodrich, Scheinerman, 1995]
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NP » SAT:
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Translates

Let T, be the family of translates of set C C R

What properties of C imply that RECOGNITION(T ) is IR-complete?
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Translates

Let T be the family of translates of set C C R

What properties of C imply that RECOGNITION(T ) is IR-complete?
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Let T be the family of translates of set C C R

What properties of C imply that RECOGNITION(T ) is 3R-complete?
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for each point and translate,
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point coordinates ~_
LP  translation vectors—
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Translates

Let T be the family of translates of set C C R

What properties of C imply that RECOGNITION(T ) is 3R-complete?

>d=1 ... NP

> p
polygon: Theorem

If Cis a simple polygon in R* then RECOGNITION(T) is in NP.

CERTIFICATE
for each point and translate,
specify triangle or sep edge

point coordinates ~_
LP  translation vectors—
incidences —» constraints

variables
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Let T, be the family of translates of set C C R

What properties of C imply that RECOGNITION(T ) is IR-complete?

>d=1 ... NP

> polygon? ... In NP —> some curvature is “necessary’

Theorem
Let C be a bi-curved, difference-separable, computable (convex) set.
Then RECOGNITION(T ) is 3R-complete.
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Halfspaces - Warm up

Theorem [TGS, 1995]
For the family & of halfspaces, RECOGNITION(F) is AR-complete.
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Halfspaces - Warm up

Theorem [TGS, 1995]
For the family & of halfspaces, RECOGNITION(F) is AR-complete.
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Halfspaces - Warm up

Theorem [TGS, 1995]
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Halfspaces - Warm up

Theorem [TGS, 1995]
For the family & of halfspaces, RECOGNITION(F) is AR-complete.
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Unit disks

Theorem
For the family & of unit disks, RECOGNITION(F) is dR-complete.

Proof: Reduction form STRETCHABILITY. » of stretchable =

H has & -representation
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Unit disks

Theorem
For the family & of unit disks, RECOGNITION(F) is dR-complete.

Proof: Reduction form STRETCHABILITY. » of stretchable =

H has & -representation

i - bi-curved

» F-representation of H =
o stretchable
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Unit disks

Theorem
For the family & of unit disks, RECOGNITION(F) is dR-complete.

Proof: Reduction form STRETCHABILITY. » of stretchable =

H has & -representation

i - bi-curved

» F-representation of H =
o stretchable
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Result

Let T be the family of translates of set C ¢ R

Technische

Universitat The Complexity of Recognizing Geometric Hypergraphs GD 2023 14

i Braunschweig Daniel Bertschinger, Nicolas EI Maalouly, Linda Kleist, Tillmann Miltzow, Simon Weber




Result

Let T be the family of translates of set C ¢ R

Theorem
Let C be a bi-curved, difference-separable, computable (convex) set.
Then RECOGNITION(T-) is 3R-complete.
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Let T be the family of translates of set C ¢ R
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Then RECOGNITION(T,) is IR-complete.

Let C be a bi-curved, difference-separable, computable (convex) set.
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Result

Let T be the family of translates of set C ¢ R

HARDNESS MEMBERSHIP

Theorem
Let C be a bi-cufved, difference-separable, computable (convex) set.
Then RECOGNITION(T-) is 3R-complete.

: difference
convex
-separable
) T — T—
Examples |
strictly convex convex in R? ;
ellipsoid in R? H
- < -
T ;
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Summary & Open Problems

Let T be the family of translates of set C C R
» d=1 ...InP
> polygon? ...in NP

Theorem

Let C be a bi-curved, difference-separable, computable (convex) set.
Then RECOGNITION(T ) is 3R-complete.
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Corollary
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Then RECOGNITION(T ) is 3R-complete.

Corollary
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Summary & Open Problems

Let T be the family of translates of set C C R
» d=1 ...InP
> polygon? ...in NP

Theorem

Let C be a bi-curved, difference-separable, computable (convex) set.
Then RECOGNITION(T ) is 3R-complete.

Corollary
RECOGNITION(T ) is AR-hard if C'is

» a strictly convex set in R?, or @
» a bi-curved convex set in R?, or
» an ellipsoid in R%, d > 3.
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Appendix




d-STRETCHABILITY

d-STRETCHABILITY

s a given (partial) pseudohyperplane arrangement in R stretchable?

Theorem
The decision problem d-STRETCHABILITY is dR-complete.
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Membership

Lemma
Let C be a computable set.
Then RECOGNITION(T ) is contained in 3R.
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Membership

Lemma
Let C be a computable set.
Then RECOGNITION(T ) is contained in 3R.

Proof:
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Membership

Lemma

Let C be a computable set.
Then RECOGNITION(T ) is contained in 3R.

Proof:

Certificate

- point coordinates
- translation vectors
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Membership

Lemma

Let C be a computable set.
Then RECOGNITION(T ) is contained in 3R.

Proof:

Certificate

- point coordinates
- translation vectors

Since C is computable, a verification algorithm can check such an
certificate efficiently on real RAM.
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Homothets
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Homothets

Theorem
Let C be a bi-curved, convex set in R and H - be the family of
homothets of set C. Then RECOGNITION(H ) is AR-hard.
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