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Mathematics of collaboration:
1 + 1 + 1 + 1 + 1 + 1 = much more that 6.
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• Anick: [Sn, Y ] is #P-hard

In this talk Y is
1-connected
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Definition: We say f has an α-robust root iff
its every α-perturbation g︸ ︷︷ ︸

‖f−g‖∞<α

has a root.

How to tell?

U := {x | ‖f (x)‖ ≤ α} U ′

The root is robust iff the map f : ∂U → {α,−α}
can be extended to all of U.
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([S0, Y ] = . . . = [Sd−1, Y ] = 0)), dimX ≤ 2d − 2

described by generators and relations

• Warning: [X, Y ] typically infinite

Main Theorem. The problem above is computable.

Extendability — a related problem

• Y = Sd is a fundamental example.

In: X, Y
as above and

Question: Is there an
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. . . ∀ system of quadratic eqns as
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s.t. f can be extended ⇔ system can be integrally solved
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for n fixed. . .
– πn(Y ) can be computed in polynomial time
– when dimX ≤ n then [X, Y ] and extendability can be

computed in polynomial time

• equivariant extension-lifting problem
dimX ≤ 2d − 2, Y and B are 1-connected, G a finite
Abelian group

A� _

��

f // Y
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X
h?

<<

g
// B

(d − 1)-connected fibration

G-equivariant
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What is open?

• Practical implementations (computing Postnikov system is
the bottleneck)

• Applications of computational homotopy theory.

- Equivariant extension-lifting problem is very general
– captures equivariant maps, linearly independent
vector fields, what else?

- Well studied before but in the algorithmic context?

- the current algorithm makes no use of the stable
range as well as rich algebraic structure of
considered chain complexes.

- are there other ways? Can one generalize computation
of Steenrod and Adem operations? Apply the deep
knowledge of the stable homotopy groups of spheres?
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