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Constrained Switched Systems

1
3
Xk+1 = Ag, Xk f& 1
23 —®
where 4
2
Ag, € MCR™, 1

Constrained Joint Spectral Radius

; 1/k
p= kll_)moomax" A 200l ] A4S

01,.--,0 is a path.



Adjacency matrix
1
3
j i 1 1
2 3
) —C)
1

0
0
1
0

O = O
O O
I = S Y



Adjacency matrix

1
3
1 1
1

o(A) = Jim | AK[ YK

oS - = O
SO - O
[ N S
o OO



Adjacency matrix

1
3
/i1 1
2 3
) —C)
1

o(A) = Jim | AK[ YK

0110 0+1+1+0 2
1010 1+0+1+0]| |2
A= . [All = max| - o TR 24
111 1 1+1+1+1| |4
0010 0+0+1+0) (1



Adjacency matrix

1
3
1 1
1

o(A) = Jim | AK[ YK

21 21 2+1+2+1 6
1 2 21 1+2+2+1

A2 = . [A2]|, =max| 1 T2 Z[O].
2 2 41 2+2+4+1 9
1111 1+1+1+1 4



Adjacency matrix

1
3

/i1 1

23 4>@
1

p(A) = lim | AK|[V/<.

3+4+6+2 15
4+3+6+2 115

l6+6+9+4| [25]
2+2+4+1 9

3
| Alloo = ma

N O W
N O WD
A O OO
= N NN



Contribution

Current guarantee
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Computing upper bounds using Sum
of Squares Programming
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Is it enough ?



Is it enough ?

[Philippe et al. 2015]
For any € >0, there exists a set of norms {| -||,: v € V} such that

| Aoxllv< (p+€)l X

holds for all edge (u,v,0) € E.



e Homogeneous,
e Positive,
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e Homogeneous,
e Positive,

e Convex not needed



Homogeneous positive polynomial

3 T ; : ; e

1| S . .
|
|
- o .I.. |




Sum of Squares relaxation [Parrilo and Jadbabaie 2008]
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Sum of Squares relaxation [Parrilo and Jadbabaie 2008]

Barvinok’s theorem
Y| -ll, Ap(x) SOS degree 2d such that

n+d-1
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More tricky
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SOS Program

infy
p,(x) is SOS YveV
129Dy (x) = py (Apx) is SOS V(u,v,0) €E.



Pseudo-measure



Dual constraint: More flow in than out
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Generating high growth sequences




Building a high growth sequence
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Building a high growth sequence
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Building a high growth sequence
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Building a high growth sequence

Y Ewolp(A]23?? ) Ewolp(x)l  VYveV,p(x) SOS,
(u,v,0)eE (v,w,0)€E
2 2
01 2
o)y} \\\

E1,1[P(A1x)] + E2y2[p(A2x)] > %24(E,33[p(x)] + Eya4lp(x)] + E,s5[p(x)]),
Elvll[p(Alx)]"'EZle[p ] 7/ vlvooo[p X ]!
1
2

[Evzvlol [p(Alx)]

Y

/4 d[EvlvOcro[p(X)]'



Choice of polynomial

po(x) random.
pk+1(X) = pk(AokX) = PO(Aal - 'Aokx)
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Guarantee on sequence produced
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Guarantee on sequence produced
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Let's try it
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Let's try it
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Improvement




-
=
Q
=
o
>
©
S
o
=

17



Improved guarantee

With horizon (:
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Let's try it

2d=2,1=3
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Guarantee for the upper bound

As | — oo,
1 , 1
P(A) 24 psos,24 < lemm|| Ag, A l1¥< p < ps0s,24-

Improving the lower bound:

e Use A(G’) where edges of 0 dual variable are removed.

e Find lower bound in an high growth rate sequence produced.
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Conclusion




Conclusion

Results

e Algorithm producing sequence of growth rate asymptotically
close to p.

e Guarantee on the “closeness” depending on d and p(A).

e Provides improved lower bounds.

Open questions
e Can we improve guarantee, e.g. using n ?

e |s the sequence always periodic for a fixed d 7 Can we
bound the period ?
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