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Problem: Connectivity

Input f=x7—xf+x5
f € Qlxq,...,x,], squarefree
®.0cQ' N{f#0;
Output
True
if @, @ are in a same

semialgebraically
connected component

of 1f # 0}

False True
otherwise
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(3 + 5+ 1)
2: Solve Vg(x) =0Ag(x) #0

: Find eigenvectors of (Hess g)(x)

O

4. Steepest ascent using
outgoing eigenvectors

5: Form adjacency matrix
6: Closure of adjacency matrix
1 2 3 4 5 6 7
1111100 1 7: Steepest ascent from @)
211111 0 0 1 .
311111 0 0 1 8: Steepest ascent from
411111001 |
510 000 10 0 9: Read matrix
610 000 010
7111110 0 1]




1. Method

(3 + 5+ 1)
2: Solve Vg(x) =0Ag(x) #0

: Find eigenvectors of (Hess g)(x)

O

4. Steepest ascent using
outgoing eigenvectors

5: Form adjacency matrix
6: Closure of adjacency matrix
1 2 3 4 5 6 7
11110 0 1] 7: Steepest ascent from‘
2 1 110 01
3 C? 1 110 0 1 8: Steepest ascent from
411 1110 0 1 .
1o 00010 0 9: Read matrix
6 (0 000 010
7111100 1




1. Method

Input: f, @,

2
1: &§ = f

(3 + 5+ 1)

2: Solve Vg(x) =0Ag(x) #0

: Find eigenvectors of (Hess g)(x)

O

4. Steepest ascent using
outgoing eigenvectors

5: Form adjacency matrix
6: Closure of adjacency matrix
1 2 3 4 5 6 7
11110 0 1] 7: Steepest ascent from‘
2 1 1 1 0 01
3 C? 1 110 0 1 8: Steepest ascent from
4 11 1 1 1 0 0 1 :
1o 00010 0 9: Read matrix
6100 00 010 Output: True
71111100 1
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2. Correctness

Theorem: Let ¢ be a routing function.
Any two routing points in the same connected component

of {g # 0} are connected by steepest ascent paths
using outgoing eigenvectors.
Proof Idea: Morse theory
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3. Termination

Theorem: Vf € Q|xq,..., Xy
- semialgebraic set S C R”
dim (R"\ S) < n
V(c1,...,cn) €S
f2
(k1 —c1)?+ -+ (xn —cn)> + 1)deg(f)+1

is a routing function.
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3. Termination

Theorem: Vf € Q|xq,..., Xy
- semialgebraic set S C R”
dim (R"\ S) < n
V(c1,...,cn) €S
f2

g p—
(k1 —c1)?+ -+ (xn —cn)> + 1)deg(f)+1

is a routing function.

Proof Idea: Sard’s Theorem and Constant Rank Theorem



