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Max-plus fundamental solution semigroups
for optimal control
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“Max-plus fundamental solution semigroups for optimal control”

® Worst case analysis & optimal control.
® Dynamic programming.

® Max-plus linearity. 0 max-plus fundamental solution semigroups

® Semi-convexity.

® Value propagation via max-plus fundamental solution semigroups.

® Kernel approximation. ]

® Kernel structure. % max-plus methods

® Problem classes.
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Worst case analysis & optimal control
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Worst case analysis & optimal control
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Hamiltonian

H(x,p) = —slelgv{@,f(ﬂ?) +g(z)w) + () — 3 [wl*}

e.g. [M06] Thms 3.20 & 4.9

HJB PDE 0= 2Wi(z)+ H(z, VWi(z)) Wy =W

Hamilton-Jacobi
Bellman equation
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Worst case analysis & optimal control
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Worst case analysis & optimal control
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Fundamental solution semigroups
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Dynamic
programming algebraic structure - semigroup
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Fundamental solution semigroups
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Dynamic

programming algebraic structure ----- semigroup
principle :

dynamic programming (Lax-Oleinik) semigroup
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Fundamental solution semigroups
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Fundamental solution semigroups
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Dynamic

programming algebraic structure - semigroup
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Fundamental solution semigroups
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Fundamental solution semigroups

semiconvexity preserving
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Value

Fundamental solution semigroups
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Fundamental solution semigroups
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Fundamental solution semigroups
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Fundamental solution semigroups

Value

propagation via
semigroups

Max-plus
fundamental solution
semigroups
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ldempotent methods

t
sup 0(&) — 2 |lws|Pds+ V(&) p Wit 2 - R™

Value Wt(x) = [St \If] (CU) =
weW |[0,t] 0

S _ RO R
max-plus fundamental €& Bt—I—T — BT Bt

. o @
solution semigroups .
§roup B?a:/ Bi(-,2) ® a(z) dz
X
kernel approximation e S I AT TC T R ——— curse-of-dimensionality
: free problems
i gravitational N-body wave equation groups
§ E i Ve/llo);'it)l\ Mass
state constrained ; *
; Position ‘\‘
problems 1. Too YN
Grativational
S ‘\\ folr;;
: . TN 7
. . Y M,
linear non-quadratic -, w THE UNIVERSITY OF

MELBOURNE

regulator problems



Kernel approximation — regulator problems
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Kernel approximation — regulator problems
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Kernel approximation — regulator problems

max-plus power method
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Kernel approximation — regulator problems
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Kernel approximation — regulator problems
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Kernel approximation — regulator problems
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Kernel approximation — regulator problems

automated

v
I Tessellate the state space via W =~ EB Vi @ |Gooi ( for fixed basis Hessian M )
1=1

I

x
x

g XRRRR K

x1
o

N
»
LR JEE & & & & &3

ARARXRXRXX X X

2 Sort the convex polytopes by worst-case Hamiltonian

x1 X2

THE UNIVERSITY OF

MELBOURNE

3 Evolve existing basis functions to new ones to correct the worst-case




approximation — regulator problems

automated
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sort polytopes by their
“worst”’ vertex

( by Hamiltonian ) THE UNIVERSITY OF

MELBOURNE




Kernel approximation — regulator problems

automated
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Kernel approximation — regulator problems

automated

3 Evolve

“worst’vertex
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new basis fn
location
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Kernel approximation — regulator problems

automated
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Kernel approximation — regulator problems
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Kernel approximation — regulator problems

example 2
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