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Moti vation
Skin scientistsvantto modeldermaladsorption
Realexperimentsshawv greatvariationin results
Numericsallows hypothesidesting
Wantatool that's easyto use

Underlyingmodelis complicatecandmayinvolve mary complicated
cases

Wantanswersandpictures



Data Visualisation

Traditionaldatavisualisations donein stages
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Problem Solving Environments

Includingthe

simulationin
thepipeline
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Resultsgeneratedhroughouthe computatiorcanbevisualised
Immediatelyandchangesnadeto the problembeingsolvedthrough
computationabkteering



What 1s Skin?
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What is Skin?

Fraschetal.



Why modelthe Stratum Corneum?

StratumCorneums theouterlayer
of theskin

Almost all of the body's barrier
functioncomedrom thisthinlayer [Fraschet aI ]_ (ab0/e) [Wertz]

Complec geometry-impermeable
corneogtessurroundedy lipid

Almostall transdermapenetration
IS throughthislipid, notpores




Human



Skin modelling - Previous work

Experimentalvork goingbacka century
— Sandpaperto tapestrippingto
diffusioncells
1-d numericalmodels

— Eachskinlayertreatedasan
homogeneoumembranef
averagedliffusivity

— Comparesvell to only some
experiments

2-d numericalmodels- brick andmortar

— tortuouspath
— nite differenceHeisigetal.]
— nite elemenfFraschetal.]



Skin modelling - Previous work

Experimentalvork goingbacka century
— Sandpaperto tapestrippingto
diffusioncells
1-d numericalmodels

— Eachskinlayertreatedasan
homogeneoumembranef
averagediffusivity

— Comparesvell to only some
experiments

2-d numericalmodels- brick andmortar
— tortuouspath

— nite differenceHeisigetal.]

— nite elemen{Fraschetal.]



Skin modelling - Previous work

Experimentailvork goingbacka century
— Sandpaperto tapestrippingto
diffusioncells
1-d numericalmodels Fully aligned

— Eachskinlayertreatedasan
homogeneoumembranef
averagediffusivity

— Comparesvell to only some Fully staggered
experiments

2-d numericalmodels- brick andmortar s
e

— tortuouspath

— nite differenceHeisigetal.]

— nite elemenfFraschetal.]

Partially staggered



Keyissuedor 3-d solutions

Geometry- answeringjuestionsasto

— theeffectsof theheterogeneity
— how well geometriandicatorspredictanswers

— theimportanceof hexagonshapedorneogtes

Key quantities- obtainingreliableanswerdor
— Uux In andoutof membrane

— lagtime

Reliability - gettingresultsout of aknown accurag thatcanbetakenas
thetrue solutionsfor experimentalistdo compareacainst

Usability - atool to answerexperimentersguestions



Mathematical model
Fickiandiffusionthroughdomain:

fg _ 1 9 1 g 1 g
1t X X 7w =9y 12 ~9Z

with boundaryconditions

g=1,onZ=1L g=0,0nG:Z=0

andeithersymmetryor periodicboundaryconditionson thesides.

Quantitiesof interestare

Z
1 79
Flux out, F; = — —dG
o As G TZ
Z 1
Cumulatve massout = Fou dt
t=0

Lag time is the x-interceptof the steadystatemassout, extrapolatedoack



Meshing the domain



Meshing the domain

Shootthroughroutesprovide easypenetration
Saying“Averagepathlength” makeslittle sensan 3-d

Repeatingatternsarent possiblewith rotatedalignments



Meshing the domain

Meshingarounda complex geometry

Unstructuredetrahedrameshes

Many casego involve periodicmeshes —
[Schoberletal.] used:

— Userspeci eskey geometryvariables
(w, |, s, Niay, staggerl-d/2-d/3-d)

— CSG le generated

— Netgenrunin batchmode

— Finite elementprogramloads mesh,
andsolves

Realskin geometryhasvery narrav lipid
layers
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Solution method

Finite elements
Lineartetrahedra
Sparsanatrix solver
Periodicboundaryconditions

Adaptvity when possible, based
on errorsor residuals

Anisotropicmeshingf applicable

Unansweredjuestionsegarding
adaptvity on periodicmeshes



Tortuous path factors

Relatve ux, Ji: 1+ i + i + i

0 Jo sits o wiggles Jo nedking

Slits Wiggles Necking



Layer Independence

Flux is layerindependentvith far fewer layersthanlagtime

Alignmentcandramaticallychangeboth ux andlagtime



The Grid and PSEs

Whenusingthe Grid codesmay run without arny resultsbeingseenby
theuser

Computationatesource®n the Grid maybeata premiumandso
carefulhusbandingf CPU cyclesis important

PSEdbene t from interactvity throughouthe solutioncycle, thus
maximisingusefulwork

Transferof outputdatato visualisations still possible

Only thecomputationallyintensve applicationneeddo beon the Grid
- thePSEcanrunonalocalmachine



PSEto Grid communicationthroughgViz

gViz library is Grid middlevareproviding supportfor computational
steeringandvisualizationfWoodandBrodlie]

Insulatedbothsimulationandvisualisationdevelopersfrom low level
detall

Connectdlistributedcomponent®f systemstransparentiyinking the
desktopto theremoteGrid resource

Provides:
— Functionalityto securelylaunchprocessesntotheqgrid

— Communicationsnechanismgetweerprocesses

— Providesacces3o computeddatafor visualizationandsteering

— Supportanultiple, synchronisedyseraccess



Job Launching



Parallel Task Farms and Dir ectory Sewvices



Multi-V 1z

SincegViz keepgdataavailablefor
accesdn a separateghread,it can
beretrievedatary time

Individual parametersnadeacces-
siblemaybegraphedasdesired

PSEconnectdo simulationgan list
In turn

Cansteerall in thesameway

Full datasetslsoavailable,but not
alwayssensibleto visualisemulti-
pleatonce



Hierar chical parallelism

Grid launch
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Summary
3-d nite elementsolverfor skin built
Embededn aPSE
Grid enabled
Multiple simulationssteerecandvisualisedconcurrently

Able to answermrealscienti ¢ guestions

— Layerindependencéor ux Is thereafterabout5 layers

— Lagtimetakes10-15layers

— Aligned casesarealreadylayerindependentor ux afterl layer

— Lagtimetakesmorelayers



The multiscale futur e



