
Evaluating a Laplacian operator on a patch 
 
 
The purpose of this document is to briefly describe three different ways in which one may 
manipulate data on a SAMRAI patch.  We illustrate how to evaluate a Laplacian operator in 
FORTRAN, C, and C++.  We compute u∆  using the standard 5-point Laplacian in 2D, where u is 
a cell-centered quantity.  To make things slightly interesting, we compute the operator in two 
steps as )."(")("" gradudivergenceuulaplaceu =∇•∇=∆=  Thus, “gradu”  is side-centered 
and “ laplaceu”  is cell-centered.  
 
We will evaluate u∆ on each patch on a given patch level.  We ignore the issue of setting ghost 
cell values for u.  Thus, we simply evaluate u∆  by iterating over the “ local”  patches.  For each 
patch, we obtain the necessary quantities and perform our computations in serial: 
 
   Poi nt er <Pat chLevel > l evel  = .  .  . ;  
 
   f or  ( Pat chLevel : : I t er at or  i p( l evel ) ;  i p;  i p++)  {  
 
      Poi nt er <Pat ch> pat ch = l evel - >get Pat ch( i p( ) ) ;  
 
      Box pbox = pat ch- >get Box( ) ;  
 
      Poi nt er <Car t esi anPat chGeomet r y> geom = pat ch- >get Pat chGeomet r y( ) ;  
      doubl e*  dx = geom- >get Dx( ) ;  
 

Poi nt er < Cel l Dat a<doubl e> > u = pat ch- >get Pat chDat a( . . . ) ;   
Poi nt er < Si deDat a<doubl e> > gr adu = pat ch- >get Pat chDat a( . . . ) ;  

      Poi nt er < Cel l Dat a<doubl e> > l apl aceu = pat ch- >get Pat chDat a( . . . ) ;  
 
      / *  
       *  Code t o eval uat e Lapl aci an goes her e… 
       * /  
 
   }  
 
The operations above are the same for each of methods that we use to evaluate u∆ . The 
Pat chLevel : : I t er at or  is used so that we only access Pat ch objects that are local to the 
processor we are considering.  The iterator i p gives us an index into the array of patches on the 
patch level.  The Box  object pbox  represents the region of index space covered by the patch.  
We assume that we are operating on a mesh defined by a Cartesian coordinate system.  The 
Car t esi anPat chGeomet r y  object provides us with the mesh spacing dx , an array of 
doubles representing the mesh increments.  Finally, we access each of the data quantities we will 
use, u, gr adu, and l apl aceu. 
 
First, we compute u∆  using FORTRAN.  The code snippets that follow are places within the 
loop over patches above in the location indicated by the appropriate comment. Since FORTRAN 
automatically handles multi-dimensional dynamically allocated arrays, we dimension the array 
associated with each data pointer based on the box over which the data is defined and the 
centering of the data on the mesh. We begin by getting the upper and lower indices of the patch 
box, and the number of ghost cells for u.  Then, we call the FORTRAN routine eval l apl ace 
passing the array dimensions and pointers to the start of the data arrays: 
 
      I ndex i l o = pbox. get Lower ( ) ;  
      I ndex i hi  = pbox. get Upper ( ) ;  
 



      I nt Vect or  ngc = u- >get Ghost Cel l Wi dt h( ) ;  
       
      eval l apl ace_( i l o( 0) ,  i hi ( 0) ,  
                   i l o( 1) ,  i hi ( 1) ,  
                   ngc( 0) ,  ngc( 1) ,  
                   dx,  
                   u- >get Poi nt er ( ) ,  
                   gr adu- >get Poi nt er ( 0) ,  
                   gr adu- >get Poi nt er ( 1) ,  
                   l apl aceu- >get Poi nt er ( ) ) ;  
 
The FORTRAN routine eval l apl ace  is implemented as follows:     
 
   subr out i ne eval l apl ace(  
  &  i l o0,  i hi 0,  i l o1,  i hi 1,  ngc0,  ngc1,  
  &  dx,  u,  
  &  gr ad0,  gr ad1,  l apl ace)  
 
   i nt eger  
  &  i l o0,  i l o1,  i hi 0,  i hi 1,  ngc0,  ngc1 
   doubl e pr eci s i on dx( 0: 1)  
   doubl e pr eci s i on 
  &  u( i l o0- ngc0: i hi 0+ngc0,  i l o1- ngc1: i hi 1+ngc1) ,  
  &  gr ad0( i l o0: i hi 0+1,  i l o1: i hi 1) ,  
  &  gr ad1( i l o0: i hi 0  ,  i l o1: i hi 1+1) ,  
  &  l apl aceu( i l o0: i hi 0,  i l o1: i hi 1)  
 
   i nt eger  i 0, i 1 
 
c  comput e t he gr adi ent  of  u i n t he x- di r ect i on 
   do i 1 = i l o1,  i hi 1 
      do i 0 = i l o0,  i hi 0+1 
         gr ad0( i 0, i 1)  = ( u( i 0, i 1)  – u( i 0- 1, i 1) ) / dx( 0)  
      enddo 
   enddo 
 
c  comput e t he gr adi ent  of  u i n t he y- di r ect i on 
   do i 1 = i l o1,  i hi 1+1 
      do i 0 = i l o0,  i hi 0 
         gr ad1( i 0, i 1)  = ( u( i 0, i 1)  – u( i 0, i 1- 1) ) / dx( 1)  
      enddo 
   enddo 
 
c  comput e t he Lapl aci an of  u usi ng t he gr adi ent s 
   do i 1 = i l o1,  i hi 1 
      do i 0 = i l o0,  i hi 0 
         l apl aceu( i 0, i 1)  = ( gr ad0( i 0+1, i 1)  – gr ad0( i 0, i 1) ) / dx( 0)  
  &                      + ( gr ad1( i 0, i 1+1)  – gr ad1( i 0, i 1) ) / dx( 1)  
      enddo 
   enddo 
 
   r et ur n 
   end 
 
In the FORTRAN routine, we compute the gradients of u in the x-direction and the y-direction, 
then we compute u∆ using those gradients. 
 
Second, we present C code to evaluate u∆ .  Since C has no support for dimensioning 
dynamically allocated arrays, we must compute the pointer offsets and apply them explicitly as 
we loop through the data.  First, we obtain pointers to each of the data arrays and dimensions of 
the patch box used in the offset computations.  Then, we compute the gradients of u in the x-



direction and the y-direction, and u∆ using those gradients.  The numerical computations are 
identical to the FORTRAN operations above. 
       
      doubl e*  udat  = u- >get Poi nt er ( ) ;  
      doubl e*  gr ad0dat  = gr adu- >get Poi nt er ( 0) ;  
      doubl e*  gr ad1dat  = gr adu- >get Poi nt er ( 1) ;  
      doubl e*  l apl aceudat  = l apl aceu- >get Poi nt er ( ) ;  
 
      I nt Vect or  ngc = u- >get Ghost Cel l Wi dt h( ) ;  
      i nt  nc0 = pbox. number Cel l s( 0) ;  
      i nt  nc1 = pbox. number Cel l s( 1) ;  
      i nt  uof f set  = nc0 + 2* ngc( 0) ;  
      udat  += uof f set * ( ngc( 1) - 1) ;  
 
      / *  
       *  comput e t he gr adi ent  of  u i n t he x- di r ect i on 
       * /  
      f or  ( i nt  j  = 0;  j  < nc1;  j ++)  {  
         i nt  uof f l o = uof f set * ( j +1) ;  
         i nt  uof f up = uof f l o+1;  
         i nt  g0of f  = ( nc0+1) * j ;  
         f or  ( i nt  i  = 0;  i  < nc0+1;  i ++)  {  
            gr ad0dat [ g0of f +i ]  =  
               ( udat [ uof f up+i ]  – udat [ uof f l o+i ] ) / dx[ 0] ;  
         }  
      }  
 
      / *  
       *  comput e t he gr adi ent  of  u i n t he y- di r ect i on 
       * /  
      f or  ( i nt  j  = 0;  j  < nc1+1;  j ++)  {  
         i nt  uof f l o = uof f set * j +1;  
         i nt  uof f up = uof f l o+uof f set ;  
         i nt  g1of f  = nc0* j ;  
         f or  ( i nt  i  = 0;  i  < nc0;  i ++)  {  
            gr ad1dat [ g1of f +i ]  = 
               ( udat [ uof f up+i ]  – udat [ uof f l o+i ] ) / dx[ 1] ;  
         }  
      }  
 
      / *  
       *  comput e t he Lapl aci an of  u usi ng t he gr adi ent s 
       * /  
      f or  ( i nt  j  = 0;  j  < nc1;  j ++)  {  
         i nt  g0of f l o = ( nc0+1) * j ;  
         i nt  g0of f up = g0of f l o+1;  
         i nt  g1of f l o = nc0* j ;  
         i nt  g1of f up = g1of f l o+nc0;  
         i nt  l apof f  = nc0* j ;  
         f or  ( i nt  i  = 0;  i  < nc0;  i ++)  {  
            l apl aceudat [ l apof f +i ]  = ( gr ad0dat [ g0of f up+i ]   
                                     – gr ad0dat [ g0of f l o+i ] )  / dx[ 0]  
                                  + ( gr ad1dat [ g1of f up+i ]  
                                     – gr ad1dat [ g1of f l o+i ] )  / dx[ 1] ;  
         }  
      }  
 
Third, we present C++ code to evaluate u∆ .  We use iterator and indexing objects that SAMRAI 
provides for array-based data types to access individual array entries.  These items eliminate the 
need to explicitly compute array offsets.  In the following code, we compute gradients of u in the 
x-direction and the y-direction and then u∆ using those gradients.  The numerical computations 
are identical to the FORTRAN and C operations shown above. 



       
      
      / *  
       *  comput e t he gr adi ent  of  u i n t he x- di r ect i on 
       * /  
      Box gbox0( pbox) ;  
      gbox0. gr owUpper ( 0,  1) ;  
 
      f or  ( Cel l I t er at or  i c( gbox0) ;  i c ;  i c++)  {  
         Cel l I ndex cel l  = i c( ) ;  
         Cel l I ndex i cm = cel l ;  
         Cel l I ndex i cp = cel l ;  
         i cp( 0)  - = 1;  
 
         ( * gr ad) ( Si deI ndex( cel l ,  Si deI ndex: : X,  Si deI ndex: : Lower ) )  = 
            ( ( * u) ( i cp)  – ( * u) ( i cm) )  /  dx[ 0] ;  
      }  
 
      / *  
       *  comput e t he gr adi ent  of  u i n t he y- di r ect i on 
       * /  
      Box gbox1( pbox) ;  
      gbox1. gr owUpper ( 1,  1) ;  
 
      f or  ( Cel l I t er at or  i c( gbox1) ;  i c ;  i c++)  {  
         Cel l I ndex cel l  = i c( ) ;  
         Cel l I ndex i cm = cel l ;  
         Cel l I ndex i cp = cel l ;  
         i cp( 1)  - = 1;  
 
         ( * gr aduu) ( Si deI ndex( cel l ,  Si deI ndex: : Y,  Si deI ndex: : Lower ) )  = 
            ( ( * u) ( i cp)  – ( * u) ( i cm) )  /  dx[ 1] ;  
      }  
 
      / *  
       *  comput e t he Lapl aci an of  u usi ng t he gr adi ent s 
       * /  
      f or  ( Cel l I t er at or  i c( gbox1) ;  i c ;  i c++)  {  
         Cel l I ndex cel l  = i c( ) ;  
 
         ( * l apl aceu) ( cel l )  = 
            (  ( * gr adu) ( Si deI ndex( cel l ,  Si deI ndex: : X,  Si deI ndex: : Upper ) )  

-   ( * gr adu) ( Si deI ndex( cel l ,  Si deI ndex: : X,  Si deI ndex: : Lower ) )            
  )  /  dx[ 0]  
+ 
  

            (  ( * gr adu) ( Si deI ndex( cel l ,  Si deI ndex: : Y,  Si deI ndex: : Upper ) )  
-   ( * gr adu) ( Si deI ndex( cel l ,  Si deI ndex: : Y,  Si deI ndex: : Lower ) )    
   )  /  dx[ 1]  

       }  
 
The iterators and indices make the code more readable and less error-prone than the C code 
shown above.  While they are useful for rapidly developing prototype code, they should not be 
used for production code.  They are inefficient since C++ compilers cannot optimize loops in 
which they are used. 
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