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Engr210a Lecture 19: Summary and conclusions

• Structured singular value computation

• Arbitrary uncertainty

• LTI uncertainty

• Further topics
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The matrix structured singular value

µ(M,∆) =
1

inf
{
‖∆‖ ; ∆ ∈ C∆, I −M∆ is singular

}
C∆s,f =

{
∆ = diag

(
δ1Im1, . . . , δsIms,∆s+1, . . . ,∆s+f

)
; δi ∈ C, ∆k ∈ Cmk×mk

}
Theorem

µ(M,∆s,f) ≤ inf
{
‖ΘMΘ−1‖ ; Θ ∈ Θ

}
Notes

• If 2s + f ≤ 3, then µ(M,∆s,f) = inf
{
‖ΘMΘ−1‖ ; Θ ∈ Θ

}
• In general, computing µ is NP-hard.
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Arbitrary uncertainty

Let
C∆a =

{
∆ = diag(∆1, . . . ,∆d) ; ∆ ∈ L(L2)

}
Given M ∈ RH∞, we have

µ(M,∆a) = inf
{
‖ΘMΘ−1‖ ; Θ ∈ Θ

}
Notes

• For arbitrary operator uncertainty, this gives a necessary and sufficient condition for
robust well-connectedness.

• But this uncertainty class includes arbitrarily time-varying operators.

LTI uncertainty

• For LTI uncertainty, we have again

µ(M,∆TI) ≤ inf
{
‖ΘMΘ−1‖ ; Θ ∈ ΘTI

}



19 - 4 Summary and conclusions S. Lall, Stanford. 2001.12.04.03

Further topics

• µ synthesis, and the DK iteration.

• Nonlinearities, IQCs, and quadratic stability.

• Discrete and hybrid systems.

• The gap metric.

• Partial differential equations.

• Spatially distributed systems.

• Multi-objective control.


