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History1 Ph.D. : Geometry and di�usion transport in ement paste
Segmentation

Characterization

Simulation

Up−scale

2 For large volume of data, no 64 bits library in 2005, so1 2005-2006 Population 1.0 in C2 2006-2010 Population 2.0 in C++ in low-level generi programming3 2010-now Population 3.0 in C++ in high-level generi programmingPopulation Library 2 / 22



Program = Data + AlgorithmOutline
1 Program = Data + AlgorithmFuntion and IteratorE oneptsClassi algorithmRegion growing algorithm2 Produtivity in omplexity
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Program = Data + Algorithm Funtion and IteratorE oneptsFuntion onept : level 12d regular grid image with 1 byte (uhar) pixel :
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wMathematis Programmingf : D ⊂ Z
2 7→ (0, 1, . . . , 255)x y = f (x) lass ImageGrid2D_UC{pair<int, int> _domain;vetor<vetor<uhar> > _data;uhar& operator()( int i , int j ) ;ImageGrid2D_UC(int sizei,int sizej ) ;};int main(){ImageGrid2D_UC img(5,5);img(2,2)=120;}Population Library 4 / 22



Program = Data + Algorithm Funtion and IteratorE oneptsFuntion onept : level 2Regular grid image :
Mathematis Programmingf : D ⊂ Z

d 7→ Fx y = f (x) template<int D,typename Type>lass ImageGrid{Point<D> _domain;vetor<Type> _data;Type& operator()(Point<D> x);};typedef ImageGrid<2,uhar> ImageGrid2D_UC;int main(){ImageGrid<2,ColorUC> img;img.load("lena .pgm");Point<2> x(5,5);out<<img(x)<<endl;}Population Library 5 / 22



Program = Data + Algorithm Funtion and IteratorE oneptsFuntion onept : level 3Any funtions :
Mathematis Programmingf : D ⊂ E 7→ Fx y = f (x) lass ConeptFuntion{typedef ... Domain;typedef ... E;typedef ... F;ConeptFuntion(Domain & d);Domain getDomain();F& operator()(E x);};//one modeltemplate<int D,typename Type>lass ImageGrid{typedef Point<D> Domain;typedef Point<D> E;typedef Type F;...};Population Library 6 / 22



Program = Data + Algorithm Funtion and IteratorE oneptsIteratorE oneptMathematis ProgrammingIteratorETotal
∀x ∈ DIteratorEROI

∀x ∈ R ⊂ DIteratorENeighborhood
∀x ′ ∈ N(x)

// de�nition oneptlass ConeptIteratorE{typedef ... Domain;ConeptIteratorE (Domain d);bool next() ;//next element and indiate ifthe endE x() ://return the urrent element};// model IteratorETotal de�nition for theImageGrid modellass ImageGridIteratorETotal ;//assoiated type in the modeltemplate<int D,typename Type>lass ImageGrid{typedef ImageGridIteratorETotalIteratorETotal ;IteratorETotal :: DomaingetIteratorETotalDomain();...};Population Library 7 / 22



Program = Data + Algorithm Classi algorithmExample erosion : level 1Mathematis : ∀f , h ∈ F ,∀x ∈ E ′ : h(x) = min∀x ′∈N(x) f (x ′)Programming :Image2D_UC Erosion(onst Image2D_UC & f,double norm, double radius){Image2D_UC erosion(f.getDomain());Image2D_UC::IteratorETotal itg(f .getIteratorETotalDomain()) ;Image2D_UC::IteratorENeighborhood itl(f.getIteratorENeighborhoodDomain(norm,radius));while( itg .next()){unsigned har mini=numeri_limits<unsigned har>::max();;itl . init ( itg .x()) ;while( itl .next()){mini = min(mini,in( itl .x())) ;}erosion ( itg .x())= mini;}return erosion ;} Population Library 8 / 22



Program = Data + Algorithm Classi algorithmExample erosion : level 2�free the objet with some properties� = ∀f , h ∈ Ftemplate<typename Funtion>Funtion Erosion(onst Funtion & f,double norm, double radius){Funtion erosion ( f .getDomain());typename Funtion:: IteratorETotal itg ( f .getIteratorETotalDomain()) ;typename Funtion::IteratorENeighborhood itl ( f .getIteratorENeighborhoodDomain(norm,radius));while( itg .next()){typename Funtion::F mini=numeri_limits<typename Funtion::F>::max();itl . init ( itg .x()) ;while( itl .next()){mini = min(mini,f( itl .x())) ;}erosion ( itg .x())= mini;}return erosion ;} Population Library 9 / 22



Program = Data + Algorithm Classi algorithmExample erosion : level 3�free the iteration�=∀x ∈ E ′ and ∀x ′ ∈ N(x)template< typename Funtion,typename IteratorEGlobal,typename IteratorELoal>Funtion FuntionProedureAumulateInGlobalLoalIteration ( Funtion1 f , IteratorEGlobalitg , IteratorELoal itl ){ Funtion erosion ( f .getDomain());while( itg .next()){typename Funtion::F mini=numeri_limits<typename Funtion::F>::max();itl . init ( itg .x()) ;while( itl .next()){mini = min(mini,f( itl .x())) ;}erosion ( itg .x())= mini;}return erosion ;} Population Library 10 / 22



Program = Data + Algorithm Classi algorithmAulumator algorithm : level 4�free the aumulator proess�=
∀f , g ∈ F ,∀x ∈ E ′ : h(x) = H({f (x ′) : ∀x ′ ∈ N(x)})template< typename Funtion,typename IteratorEGlobal,typename IteratorELoal ,templateFuntorAumulator>Funtion FuntionProedureAumulateInGlobalLoalIteration ( Funtion1 f , IteratorEGlobalitg , IteratorELoal itl , FuntorAumulator aumulator){ Funtion h(f .getDomain());while( itg .next()){aumulator. init () ;itl . init ( itg .x()) ;while( itl .next()){aumulator(in( itl .x())) ;}h( itg .x())= aumulator.getValue();}return f ;} Population Library 11 / 22



Program = Data + Algorithm Classi algorithmAumulate algorithmMathematis :
∀x ∈ E ′ : h(x) = H({f (x ′) : ∀x ′ ∈ N(x)})The aumulate funtor H is a mapping from P(F ) to F that anreturn

the max/min/median value,kernel onvolution :
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Program = Data + Algorithm Classi algorithmGenerator algorithmMathematis :
∀x ∈ E ′ : h(x) = H()The generator H an return :

X ∼ P , random number
 a onstant value... Population Library 13 / 22



Program = Data + Algorithm Classi algorithmPoint algorithmMathematis :
∀x ∈ E ′ : h(x) = H(f (x))

∀x ∈ E ′ : h(x) = H(f (x), g(x))The unary/binary funtor H as mapping from F 1 or 2 to F anreturn :
{ 255 formin ≤ f (x) ≤ max0 otherwise. thresholded value,with funtion with a symboli linkmin(f (x), g(x))Population Library 14 / 22



Program = Data + Algorithm Region growing algorithmWatershed transformation
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Program = Data + Algorithm Region growing algorithmWatershed transformationThe watershed algorithm is :1 Input : topographi surfae, f , and seeds, {si}0≤i≤n.2 Sequential initialization of the regions with the seeds, X t=0i = si ,3 For l = 0 to the maximum level of the topographi surfae, //Regiongrowing1 While some pairs (i , x) satisfy max(l , f (x)) = l and x ∈ Z ti with Z ti theoutter boundary of the region i in exluding the other regionsSeletion of the pair (j , y) that satis�es for the �rst time bothonditions and still respets their until now.Region growing : X t+1j = X tj ∪ {y}2 End while4 Return the regions.Population Library 16 / 22



Program = Data + Algorithm Region growing algorithmWatershed transformation
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Program = Data + Algorithm Region growing algorithmWatershed transformationtemplate<typename FuntionTopo,typename FuntionRegion>FuntionRegion FuntionProedureWatershed(onst FuntionTopo & topo,onstFuntionRegion & seed, typename FuntionTopo::IteratorENeighborhood & itn ){ FuntorTopography<FuntionTopo> funtortopo(topo);Population<FuntionRegion,FuntorTopography<FuntionTopo> > pop(seed.getDomain(),funtortopo,itn);typename FuntionTopo::IteratorETotal it (topo.getDomain());// initialisation of the regions with seedswhile( it .next()){if (seed( it .x())!=0)pop.growth(seed( it .x()) , it .x()) ;}//region growingfor( int level =0; level<funtortopo.nbrLevel () ; level ++){pop.setLevel ( level ) ;funtortopo . setLevel ( level ) ;while(pop.next()){pop.growth(pop.x(). �rst ,pop.x() .seond);}}return pop.getRegion();} Population Library 18 / 22



Program = Data + Algorithm Region growing algorithmImplementation
lassial algorithms : Voronoï tessellation, luster to label, regional minima,distane funtion, watershed transformation, geodesi reonstrution andAdam's algorithm.
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Program = Data + Algorithm Region growing algorithmImplementationNew algorithms :quasi-eulidean distane in quasi-linear time
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Program = Data + Algorithm Region growing algorithmImplementationNew algorithms :adaptative meshing in phase �eld
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Program = Data + Algorithm Region growing algorithmImplementationNew algorithms :adaptative meshing in phase �eld
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Program = Data + Algorithm Region growing algorithmImplementation
New algorithms :permutation loalization in simulated annealing reonstrution

500 microns 340 microns
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Produtivity in omplexityOutline
1 Program = Data + Algorithm2 Produtivity in omplexityTwo sale programming paradigms

Population Library 20 / 22



Produtivity in omplexity Two sale programming paradigmsCameleon language in ollaboration with Cugnon deSevriourt
Complexity

Micro−programming

Macro−programming

Functionnal

ImperativePopulation Library 21 / 22



Produtivity in omplexity Two sale programming paradigmsCameleon language in ollaboration with Cugnon deSevriourt
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Produtivity in omplexity Two sale programming paradigmsConlusion
If time demonstration else :1 with onept/model, you spend more time with a penil than with akeyboard (for further explanation, my book is available atwww.shinoe.om/population),2 with ameleon integration, you demoratize your libary and you anuse other libraries in shared environement,3 with IPOL, you demoratize the aes of Siene.
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