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ia, QLD 4072, Australia l.gross�uq.edu.auAbstra
t. In this paper we will present the 
on
epts of the python{based numeri
al modeling framework es
ript. Main appli
ation areas fores
ript are models based on 
oupled, non-linear, time-dependent partialdi�erential equations (PDEs). One obje
tive is to provide a easy-to-useprogramming environment for model developers to work independentlyform PDE solver libraries. The basi
 idea is to design an abstra
tionlayer from parti
ular numeri
al methods, their data stru
tures and pos-sibly platform dependent implementations. The se
ond obje
tive is toprovide an environment for the model implementation whi
h allows 
ou-pling models in a very easy way and building user interfa
es (in
ludingGUIs and web servi
es) automati
ally. This is a
hieved through imple-menting models as python obje
ts where model parameters are repre-sented as a spe
ial type of obje
t attributes. These attributes 
an beserialized in XML format and 
an be linked to attributes of other modelobje
ts.1 Spatial Fun
tionsThe es
ript [2℄ pa
kage is an extension of python [3℄. All 
omputational intensivetasks su
h as solving linear partial di�erential equations (PDEs), visualizationsand data manipulations are implemented in C or C++. Ex
ept for data manipu-lations the es
ript pa
kage does not in
lude implementation for these tasks, andrelies on the program 
odes optimized for the parti
ular 
ompute ar
hite
turebeing used.In es
ript, fun
tions of spatial 
oordinates are hold in Data 
lass obje
ts. AData 
lass obje
ts has a Fun
tionSpa
e obje
t assigned to it, whi
h de�nes theDomain of the fun
tion and the type of fun
tion (for instan
e its smoothness)represented by the obje
t. A Domain de�nes not only the geometry of a domainbut also the dis
retization method to be used. The Fun
tionSpa
e de�nes howthe fun
tion is represented. For examples, in the 
ase of �nite elements (FEM)the Domainwould hold referen
es to the tables of node 
oordinates and elements.These data are not managed by es
ript but the PDE solver library. Typi
ally,in the FEM 
ontext, a temperature distribution is given through its values atnodes and a stress tensor at quadrature points. The 
oresponding Data 
lassobje
ts are de�ned on the same Domain but within di�erent Fun
tionSpa
es,namely ContinuousFun
tionand Fun
tion, respe
tively. The Data 
lass obje
ts



2are managed by es
ript while PDE solver libraries 
an read from and writeto Data 
lass obje
ts under the assumption that the a

ess does not requiredata 
onversion or 
ommuni
ation. Suitable fun
tions for interpolation and dataredistribution whi
h are 
alled by es
ript to 
hange the Fun
tionSpa
e has tobe provided by the solver library.For ea
h individual data point es
ript support s
alar, ve
tor and tensorialquantities up to order 4. From python Data obje
ts 
an be manipulated by ap-plying unitary operations (for instan
e 
osine ,sine, logarithm) and be 
ombinedby applying binary operations (for instan
e +, � ,�, =). If needed es
ript in-vokes interpolation to mat
h the Fun
tionSpa
e. Operations are implementedin C/C++ and parallelized using OpenMP (MPI is under 
onstru
tion).2 Partial Di�erential EquationsThe se
ond key 
omponent in es
ript is the linearPDE 
lass used to de�ne ageneral linear, steady, se
ond order PDE for an unknown fun
tion u on the PDEdomain. In tensor notation, the PDE has the form�(Aijkluk;l +Bijkuk);j + Cikluk;l +Dikuk = �Xij;j + Yi ; (1)where uk denotes the 
omponents of the fun
tion u and u;j denotes the derivativeof uwith respe
t to the j-th spatial dire
tion. A general form of natural boundary
onditions and 
onstraints 
an be 
onsidered. The fun
tions A,B, C,D,X and Yare the 
oeÆ
ients of the PDE and are de�ned by Data obje
ts. When dealingwith non-linear and time-dependent problems, suitable high-level s
hemes areused to redu
e the problem to linear PDEs that are solved in ea
h iterationstep. The 
oeÆ
ients are updated trough es
ript. When a solution of the PDE isrequested, es
ript passes the PDE 
oeÆ
ient to the solver library whi
h returnsa Data obje
t representing the solution by its values, for instan
e, at the nodesof a FEM mesh. Currently es
ript is linked with the FEM solver library �nley [1℄but other libraries and even other dis
retization approa
hes 
an be in
luded.3 ExampleWe present a simple example that illustrates how to use es
ript to solve theStokes equation using the iterative penalty method. In ea
h iteration step thelinear PDE �(�(vi;j + vj;i));j � Pe vk;ki = Fi � pj; (2)has to be solved to get new velovity v from the 
urrent pressure approximationp. Then the pressure is updated byp = p� Pe vk;k (3)The iteration is terminated when vk;k is small. In PDE (2) � is the vis
osity, Frepresents external for
es and Pe denotes the penalty fa
tor.



3The following python fun
tion in
ompressibleFluid implements the itera-tion s
heme for given Domain obje
t domain, vis
osity eta and internal for
e F.The fun
tion returns velo
ity v and pressure p:def in
ompressibleFluid(domain,eta,F):E=Tensor4(0,Fun
tion(dom))for i in range(dom.getDim()):for j in range(dom.getDim()):E[i,i,j,j℄+=PeE[i,j,i,j℄+=etaE[i,j,j,i℄+=etapde1=LinearPDE(domain)pde1.setValue(A=E,Y=F)pde2=LinearPDE(domain)pde2.setValue(D=1.)pde1.setRedu
tionOn()p=S
alar(0,Redu
edSolution(domain))while Lsup(vkk)>tol:mypde1.setValue(X=krone
ker(domain)*p)v=pde1.getSolution()pde2.setValue(Y=div(v))vkk=pde2.getSolution()p-=Pe*vkkreturn v,pAs required by the Ladyzhenskaya-Babuska-Brezzi 
ondition the pressure is de-�ned in the Fun
tionSpa
e Redu
edSolution. The vis
osity (and similar theexternal for
e) may be a 
oat obje
t or, for instan
e if vis
osity is depending ontemperature, a s
alar Data obje
t. If required, interpolation of the 
oeÆ
ients isperformed to mat
h the Fun
tionSpa
e required by the PDE solver library.4 Managing ModelsModels in es
ript 
an be implemented as sub
lasses of the Model 
lass. A par-ti
ular model implements a set of methods, for instan
e the exe
ution of a timestep and 
al
ulation of a safe time step size. The fun
tion In
ompressibleFlowde�ned in the previous se
tion would be implemented in three method, namelyinitialization phase, update phase and 
he
k of the stopping 
riterion (due tothe limitation of spa
e we 
annot present more details.). The model parametersvis
osity, external for
e, velo
ity and pressure are de�ned as attributes of the
lass de�ning the the model.If the 
lass In
ompressibleFlow implements a model of an in
ompressible
uid, Temperature implements a model for temperature adve
tion-di�usion,and MaterialTable is a Model 
lass for a material table providing values fora temperature-dependent vis
osity, a 
oupling of the temperature and 
uid 
owmodel 
an be implemented in the following python s
ript:



4flow=In
ompressibleFlow()temp=Temperature()mat=MaterialTable()flow.eta=Link(mat,"vis
osity")temp.velo
ity=Link(flow,"v")mat.temperature=Link(temp,"T")We assume here that v is the velo
ity provided by the 
ow model and T is thetemperature of the temperature model. When In
ompressibleFlow referen
esits attribute eta, it will a

ess, via the Link obje
t, the vis
osity provided bythe MaterialTable obje
t at that moment. The 
apability of es
ript to knowabout the 
ontext of data and to invoke data 
onversion when required is vitalto make this work.As the order in whi
h the models perform their time steps is 
riti
al, themodel exe
ution is handled by an instan
e of the Simulation 
lass. In the ex-ample, this will take the formSimulation([flow,mat,temp℄).run()whi
h will make sure that in
ompressible 
ow model updates its velo
ity beforethe temperature model performs the next time step. The vis
osity is 
al
ulatedfrom the temperature of the previous time step. Moreover, es
ript provides ame
hanism to build instan
es of the Simulation 
lass from �les in the XMLdiale
t ESysXML. Files 
an be generated through serialization of Simulation
lass obje
ts or from a (graphi
al) user interfa
e or problem solving environment.A user interfa
e based on GridSphere [4℄ that allows manipulating and runningESysXML �les via a web and grid servi
e is 
urrently under 
onstru
tion.A
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