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Model for Lithium lon Battery:

— V- (k(c)VPe) — Se(ds — de,c) =0

—V  (6VDg) + Se(Ps — de,c)+f =0
(ee€)t — V- (DVC) = S:(®s — P, €)
+ Neumann boundary conditions

/(De dx =0 (uniqueness)
Q

Parameter estimation:
» Reduce optimization effort with little loss in accuracy

» Combine with current simulation tools
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Example
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(left plot)  —div (2(1 + n)A(x) [Vu(x)[3" Vu(x)) = g(x)
(right plot)  —div (2(1 + n)A(x)Vu(x)) = g(x)

for a constant parameter A = 0.5
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» Control problem for partial differential equation

minimize J(u, y) over (u,y) € W x U
subject to A(y, u)y + C(y,u) =0in Q

» Assuming unique solution of state equation

» Reduced form given as

minimize Jyeqg(u) = J(y(u), u) over u € U
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Fine model:
minimize g over x € X

» Accurate but expensive model g

» Gradients of g are assumed not to be available

Coarse model:
minimize g over X € X
» Cheap model g
» Gradients of g are assumed to be available
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Surrogate Optimization - Space Mapping

Idea:
> Replace fine model g(x) with the cheaper coarse model g(X%)
» Link the two models by the Space Mapping X = P(x)

» |t follows
g(x) =~ (goP)(x)forall xe ACX

> In the Surrogate Optimization use g o P(x) instead of g(x),
ie.,
minimize gp(x) = g(P(x)) over x € X
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Space Mapping

Definition (first approach):
1 N
P(x) = argmin {2[§(&) —g(x)]?|x € X}
if S(x) = {& e X|&(%) =g(x)} is empty

. a Al ~ $
P(x) = argmin {EHX —x|3st. g(%)=g(x)| %€ X}

if S(x) is not empty
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Space Mapping

Definition (second approach):

P(x) = argmin { 51 = xlfy + H[2() - £GP 5 € X}

with a a smoothing parameter
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Space Mapping (Example)
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Solution to

y-coordinate
y-coordinate

(left plot) —div (2(1 + n)A(x) [Vu(x)[3" Vu(x)) = g(x)
(right plot)  —div (2(1 + n)u(x)Vu(x)) = g(x)

for a constant parameter A = 0.5 and u(x) = P(A(x))
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Surrogate Optimization

minimize gp(x) = g(P(x)) over x € X

with
A TP 2 1. o 2005 ~ &
P(x) = argmin ¢ 515 — x|y + 518(3) ~ ()| % € X
Gradient of gp given as

Vep(x) = P'(x)TVE(X)

» Requires gradient of the fine model

» Approximate gradient by Broyden's formula
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Broyden's Update

Local linearization of P
P(x + Ax) ~ P(x) + P'(x)Ax
Secant’s equation
BAx, = APy
with APy = P(xx + Axk) — P(xk)-

Good Broyden’s update:

AP, — Blbxi T

Bk+]_ = Bk + Xy
| Ax[3
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Broyden's Update

Local linearization of g
E(P(xk + Ax)) ~ &(P(xk)) + (P'(x) T VE(P(xk))) " Ax

Secant's condition
V& BAx, = A8

with Ag‘k = é‘(P(Xk + AXk)) — g(P(Xk)).
Modified Broyden’s update:

Ag — ngTAPk

AP, = AP+ ok Va2

V &k

A—\Is/k — BkAXk T

Biy1 = Bk + X
| Ax I3
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