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What is Kranc?

Kranc has been written by Ian Hinder (U Southampton), Christiane
Lechner (AEI) and myself, and has been released under the GPL
(http://numrel.aei.mpg.de/Research/Kranc).

Kranc is a suite of Mathematica-based computer-algebra packages, which comprise
a toolbox to convert (tensorial) systems of partial differential evolution equations
to parallelized C or Fortran code.

Kranc can be used as a

• a “rapid prototyping” system for scientists handling very complicated systems of
partial differential equations,

• but through integration into the Cactus computational toolkit we can also
produce efficient parallelized production codes.



Motivation and Objectives

Our work is motivated by the field of numerical relativity, i.e. the numerical
solution of the Einstein equations. An important open research problem is to find
an evolution system for the Einstein equations which is well-suited for numerical
simulations → we need to consider a large number of very large PDE systems.

Kranc drastically reduces the complexity of the task of comparing different
formulations of the Einstein equations; these are complicated nonlinear systems
which can have dozens of evolution variables and thousands of source terms.

We aim to address the problems of handling complexity and of dealing with tensorial
(or other multi-component) quantities in a transparent way.



Kranc’s code generation strategy

Designing numerical codes to solve tensorial equations, 2 principal alternatives
come to mind:

(i) Implement high-level tensor operations in a language like C++ or Fortran 90
using tensorial operations like contractions which operate on tensor objects.

(ii) Use computer algebra to expand all tensorial expressions into components, and
then use only standard arithmetics in the numerical code.

First approach avoids mixing of technologies, second approach uses specialized
technologies to deal with parts of the problem.

We adopt the second strategy – numerical code is component oriented.



Kranc’s code generation strategy II

In our approach, the CA-based generation of a numerical evolution code splits into
the following steps:

1. Choose a compact form of the equations to be solved which does not require
typing complex equations.

2. Convert equations to an explicit form in terms of evolved variables and ∂’s.

3. Translate the tensor expressions into components (TensorTools / MathTensor).

4. Replace the partial derivatives by some standard language, e.g. D2[h13].

5. Create discretized expressions, e.g.
D2[h13] → ( h13(i, j+1, k) - h13(i, j-1, k) ) / (2 dy).

6. Wrap this up by code needed to create a complete executable program



Kranc’s code generation strategy III

With Kranc, a code is built from complete Kranc-generated Cactus thorns.

Currently, we only support evolution problems with periodic boundaries!
Evolution algorithm: Ian Hawke’s AlphaThorns/MoL (method of lines) thorn.

Spatial discretization is implemented in a centralized and flexible way: All finite
difference formulas are collected in a single header file, currently via C-style macros.

We denote derivatives using an abstract notation; e.g. a first derivative of the
variable f in the x-direction would be denoted as D1[f].

At compile time, the user has two choices to make:

• Should the derivatives be precomputed at the start of the grid loop?
(-DNOPRECOMPUTE)

• What sort of finite differencing should be performed?
(-DFD C2, -DFD C4, -DFD C0)



Kranc’s code generation strategy IV

On the user level Kranc consists of Mathematica functions that generate an entire
thorn. The basic tasks of a thorn are:

• define Cactus GFs;

• assign values to GFs;

• set GF attributes (e.g. symmetries or boundary conditions)

• define Cactus parameters;

Kranc thorns are classified into 5 types, with specific characteristics regarding their
functionality are: base, setter, translator, evaluator and MoL thorns. While the
base thorn only defines parameters, GFs and their properties, all the other thorns
also perform one or more calculations, i.e. they assign new values to one or more
GFs.



The concept of a Kranc calculation

The result of a Kranc calculation is to assign values to a GF.

As an example of a calculation, we list an abbreviated version of the file
MKGMoL CalcRHS.c, which assigns the MoL RHSs for the Klein-Gordon equation.

// several header files are included and some macros get defined
/* Define macros used in calculations */
#define INITVALUE (42)

void MKGMoL_CalcRHS(CCTK_ARGUMENTS)
{
DECLARE_CCTK_ARGUMENTS
DECLARE_CCTK_PARAMETERS

/* Declare the variables used for looping over grid points */
int i = INITVALUE; // same for j, k, index, istart, jstart, kstart, iend, jend, kend

/* Declare finite differencing variables */
CCTK_REAL dx = INITVALUE; // same for dy, dz, dxi, dyi, dzi, hdxi, hdyi, hdzi



/* Declare shorthands */ // none in this example

/* Declare local copies of GFs */
CCTK_REAL phiL = INITVALUE; // same for phitL, phirhsL, phitrhsL, D11phi, D22phi, D33phi

/* Initialize finite differencing variables */
dx = CCTK_DELTA_SPACE(0);
dxi = 1 / dx;
hdxi = 0.5 * dxi; // analogously for x and y directions

/* Set up variables used in the grid loop with stencils suitable for finite differencing */
istart = cctk_nghostzones[0];
iend = cctk_lsh[0] - cctk_nghostzones[0]; // analogously for jstart, kstart, jend, kend

/* Loop over the grid points */
for (k = kstart; k < kend; k++)
{

for (j = jstart; j < jend; j++)
{

for (i = istart; i < iend; i++)



{
index = CCTK_GFINDEX3D(cctkGH,i,j,k); // a Cactus macro to compute the 3D array index

/* Assign local copies of GFs */
phiL = phi[index];
phitL = phit[index];

/* Precompute derivatives */
D11phi = D11gf(phi,i,j,k); // analogous for D22phi and D33phi

/* Calculate GFs */
phirhsL = phitL;

phitrhsL = D11(phi,i,j,k) + D22(phi,i,j,k) + D33(phi,i,j,k) -
phiL*SQR(mass); // use macro SQR for mass * mass

/* Copy local copies back to GFs */
phirhs[index] = phirhsL;
phitrhs[index] = phitrhsL;

}}}}

All thorns may define their own parameters and share parameters from other thorns.



In addition, Kranc thorns implement the following tasks:

• Base thorn:

– Register GFs with Cactus. Discriminate between GFs that can be evolved and
need two sets of storage (timelevels) and those that only need one time level
allocated (“primitives”).

– Register GF symmetries.

• Setter thorn:

– Set GFs to values, e.g. to set initial data or to update auxiliary GFs.
Functions are scheduled in the POSTINITIAL and EVOL time bins at
appropriate times relative to the time stepping functions.



• MoL evolve thorn:

– Register GFs with MoL thorn. During registration, the GFs need to be
designated as either “evolved” or “primitive”, with respect to this thorn.

– Generate code to apply boundary conditions.
– Set MoL RHSs through a function scheduled in the EVOL bin

• Translator thorn:

– A specialized version of a setter thorn which translates between Kranc variables
and some other set of variables.
This interface is essential for compatibility with existing numerical relativity
thorns using the ADM variables via the ADMBase thorn.

• Evaluator thorn:

– Define new GFs.
– Assign values to new GFs in routines scheduled in ANALYSIS.




