
Scienti�c ComputationGroup,Schoolof Computing
http://www.comp.leeds.ac.uk/scicomp/

MathematicalModellingof
ChemicalDiffusionthroughSkin

ChrisGoodyer, Martin BerzinsandJasonWood

work with AnnetteBunge,ColoradoSchoolof Mines,USA



Outline
� Motivation

� Problemsolvingenvironments

� Whatis skin?

� Meshingskingeometries

� A tool for scientists

� Layerindependence

� PSEsandtheGrid

� Multiscalefutures



Moti vation
� Skinscientistswantto modeldermaladsorption

� Realexperimentsshow greatvariationin results

� Numericsallowshypothesistesting

� Wanta tool that'seasyto use

� Underlyingmodelis complicatedandmayinvolve many complicated
cases

� Wantanswersandpictures



Data Visualisation
Traditionaldatavisualisationis donein stages

In avisualprogrammingenvironmentdatafollows apipelinefor rendering



ProblemSolvingEnvir onments
Includingthe
simulationin
thepipeline
givesaPSE

Inputsavailable
thoughGUI
notwriting and
compilingcode

Resultsgeneratedthroughoutthecomputationcanbevisualised
immediatelyandchangesmadeto theproblembeingsolvedthrough
computationalsteering.



What is Skin?

from Encarta



What is Skin?

Fraschet al.



Why model the Stratum Corneum?

� StratumCorneumis theouterlayer
of theskin

� Almost all of the body's barrier
functioncomesfrom thisthin layer

� Complex geometry– impermeable
corneocytessurroundedby lipid

� Almostall transdermalpenetration
is throughthis lipid, notpores

[Fraschetal.] (above), [Wertz]



What is Skin?

Mouse

Human



Skin modelling - Previouswork

� Experimentalwork goingbacka century

– Sandpaperto tapestrippingto
diffusioncells

� 1-dnumericalmodels

– Eachskin layertreatedasan
homogeneousmembraneof
averageddiffusivity

– Compareswell to only some
experiments

� 2-dnumericalmodels- brick andmortar

– tortuouspath

– �nite difference[Heisigetal.]

– �nite element[Fraschetal.]
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Key issuesfor 3-d solutions
� Geometry- answeringquestionsasto

– theeffectsof theheterogeneity

– how well geometricindicatorspredictanswers

– theimportanceof hexagonshapedcorneocytes

� Key quantities- obtainingreliableanswersfor

– �ux in andoutof membrane

– lag time

� Reliability - gettingresultsoutof aknown accuracy thatcanbetakenas
thetruesolutionsfor experimentaliststo compareagainst

� Usability - a tool to answerexperimenters'questions



Mathematical model
Fickiandiffusionthroughdomain:
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with boundaryconditions

q = 1, on Z = L q = 0, onG: Z = 0

andeithersymmetryor periodicboundaryconditionson thesides.

Quantitiesof interestare

Flux out,Fout =
1
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Z

G
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Cumulative massout =
Z T

t = 0
Foutdt

Lag time is thex-interceptof thesteadystatemassout,extrapolatedback



Meshing the domain



Meshing the domain

Shootthroughroutesprovideeasypenetration

Saying“Averagepathlength”makeslittle sensein 3-d

Repeatingpatternsaren't possiblewith rotatedalignments



Meshing the domain

� Meshingaroundacomplex geometry

� Unstructuredtetrahedralmeshes

� Many casesto involve periodicmeshes

� Netgen[Schöberletal.] used:

– Userspeci�eskey geometryvariables
(w, l , s, Nlay, stagger, 1-d/2-d/3-d)

– CSG�le generated

– Netgenrun in batchmode

– Finite elementprogram loads mesh,
andsolves

� Realskin geometryhasvery narrow lipid
layers



Meshing the domain

� Meshingaroundacomplex geometry

� Unstructuredtetrahedralmeshes

� Many casesto involve periodicmeshes
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Solution method

Finiteelements

� Lineartetrahedra

� Sparsematrix solver

� Periodicboundaryconditions

� Adaptivity when possible, based
onerrorsor residuals

� Anisotropicmeshingif applicable

Unansweredquestionsregarding
adaptivity onperiodicmeshes



Tortuous path factors

Relative �ux,
J
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Layer Independence

� Flux is layerindependentwith far fewer layersthanlag time

� Alignmentcandramaticallychangeboth�ux andlag time



The Grid and PSEs
� WhenusingtheGrid codesmayrunwithoutany resultsbeingseenby

theuser

� Computationalresourceson theGrid maybeata premiumandso
carefulhusbandingof CPUcyclesis important

� PSEsbene�t from interactivity throughoutthesolutioncycle, thus
maximisingusefulwork

� Transferof outputdatato visualisationis still possible

� Only thecomputationallyintensive applicationneedsto beon theGrid
- thePSEcanrunona localmachine



PSEto Grid communication thr oughgViz
gViz library is Grid middlewareproviding supportfor computational
steeringandvisualization[WoodandBrodlie]

� Insulatesbothsimulationandvisualisationdevelopersfrom low level
detail

� Connectsdistributedcomponentsof systems,transparentlylinking the
desktopto theremoteGrid resource

� Provides:

– Functionalityto securelylaunchprocessesontothegrid

– Communicationsmechanismsbetweenprocesses

– Providesaccessto computeddatafor visualizationandsteering

– Supportsmultiple,synchronised,useraccess



Job Launching



Parallel TaskFarms and Dir ectory Services



Multi-V iz

� SincegViz keepsdataavailablefor
accessin a separatethread,it can
beretrievedatany time

� Individualparametersmadeacces-
siblemaybegraphedasdesired

� PSEconnectsto simulationsin list
in turn

� Cansteerall in thesameway

� Full datasetsalsoavailable,but not
alwayssensibleto visualisemulti-
pleatonce



Hierar chical parallelism

Simulation
Controller

Simulation
Controller

Simulation
Controller

Simulation
Controller

Grid launcher

Slave Slave

Slave Slave

Slave Slave

Slave Slave

Slave Slave

Slave Slave

Slave Slave

Slave Slave

     Globus    authentication
 managing   input / output

GRID MASTER

gViz

gViz

� Eachsimulationrun
in parallel

� Parallelmatrix solvers

� Loadbalancingissues



Summary
� 3-d �nite elementsolver for skinbuilt

� Embededin aPSE

� Grid enabled

� Multiple simulationssteeredandvisualisedconcurrently

� Able to answerrealscienti�c questions

– Layerindependencefor �ux is thereafterabout5 layers

– Lag time takes10-15layers

– Alignedcasesarealreadylayerindependentfor �ux after1 layer

– Lag time takesmorelayers



The multiscale futur e


