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Motivation: Definition and Impact
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A biofilm 1s a complex aggregation of microorganisms marked by the excretion
of a protective and adhesive matrix.
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Motivation: Human Physiology
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Sites of Primary and Secondary Biofilm Infection
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Computational domain:

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Biofilm Optimization Formulation

The PDE constrained optimization problem
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The forward coupled problem

The adjoint problem
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The initial concentration equation
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Implementation Mathematics

& Test/Unkown/Auxiliary variables
< Functional spaces
& Frechet differentiation

«# Discrete spaces

[ Examples: J

Steady Navier-Stokes flow

F[v.u.q.p]—/[qu:Vu+pV-v+v-(u-V)u+qV-u]
Q

Lagrangian for Poisson source inversion w/ Tikhonov

F[v./z..i.u./\.n]:/[(u—u*)v+VA~VV] ax+
Q

-I—/ Vi VU + pal dx+
Q

+/ [Va - V3 + ] ok
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[ Approach unifies diverse set of problems: ]

A linearized forward problem: find Newton step Ju at u,
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A quadratic eigensystem: find o, u
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A sensitivity problem: find du/do at up

P?F
ov; O

9PF
d Vi do

do
Up

Up



Tusson Bolnasn: V= siohus , ?;a:} "% ”’"'h“c;
gf*?u*vwﬂm)#ﬂ Ss‘vcir' O ¥ el
udh weiy o [}
R uy | |

[ g s cancly when posible | bk, Hher-tr Ganss
T

Poisson-Boltzmann equation in a notebook

= UnknownFunction( Lagrange(1))
= TestFunction(Lagrange(1))

quad = GaussianQuadrature(4)

weak = Integral (omega, (grad*u}*(grad*v)+v*sinh{u), quad)

Poisson-Boltzmann equation in Sundance
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The forward coupled problem The adjoint problem
k . ke D
DAc = —F in Q DAN, — 20 N Ap =0 in 0
kot e (ks + CV b
- in T D
5% D o e DN nhe V=0 on Ty
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7= in 2 x {t=0}. ax, D ke . .
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The initial concentration equation

A= dalio =0 in Q.

Expr state = Integrallinterior, (u - ud)*uHat* 1,.0/deltal + w*(grad*ul*uHat
+ D¥igradtuHat 1R gradtl, q21:
Expr stateBl = EssentialBC(left, utuHat, g2

stateProb = ropinew LinearProblemimesh . state, stateBC, mu, u, wecTupell:
CellFilter zensors = sensorFiltert() @
Expr adjoint = Integral(interior, (lambda - lambdad)*w/deltal

+ [¥{grad®u)* [ grad® ] ambda )

+ ywHlarad*ui*lanbda, q2)

+ Integralisensors. v*(u - uTarget), q2)

Expr adicintBC = EssentialBClleft, lambda®y, q2)
+ FzzentialBClbottom, lambda®v, g2 ¢

adjointProb = ropinew LinearProblemimesh_ ., adioint. adjointBC.
v, lambda, wecTupell:

Expr zenz = Integrallinterior ., -RFeg * U0 *beta + lambdal *beta + beta*u, q2l:

Expr sensBC:
Expr sensProb = new LinearProblemimesh, sens, sensBC, beta. u, vecTupel:

adjoint
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QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Lagrangian definition

Boundary conditions

Define functional
Variational statement

Solver definition

Time-stepping loop
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Target : Adjoint : Inversion:

Example: Convection Diffusion Forward and Adjoint
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The PDE constrained optimization problem

| _IE g p B s
min Floop) = 53 [ (o= 9o =z dxdr g [ g3 dx
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=0, 5% 1*dHlrhol _*c1_/(k2_+cl_)*lc
#atau*( I_/rhoB_)*{ {grad*at2)*{grad*lrhoHat ) )

-D_*{grad*lc)*(grad*lcHat)
=Hlrhotkl_*k2_/((k2_+c0_)*(k2_+c0_))*1c*1cHat
+(D_/rhoB_)*1rho*{ (grad*lcHat ) *(grad*rhot_) *de1flg2)

+ Integral(interior_, 0.%*1lrhoHat*(rhol_ - rhoTargetl_ )*boolExpr_*deltal, q2)
+ Integral(interior_, 0.5*1lrhoHat*(rho0_ - rhoTargetO_ Y*boolExpr_*deltal, q2) :




The PDE constrained optimization problem
min F(p, pu) %ff( )26z r)dxdt-i-"ﬂf 2 dx
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The PDE constrained optimization problem
min F(p, pu) = li [T [ (0= )0l ;) dxdt + f[ 2 dx
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