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Design Philosophy of BOhrium

lolotll

Do science, not programming

* No bugs
« Correctness above all

* Future proof
+ Don’t optimize for today’s hardware
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Python / NumPy 0 20 40 60 80

Heat Equation — a 5-point stencil )

import numpy
def heat2d (G, epsilon):
delta = epsilontl
while delta > epsilon:
tmp = 0.2+ (G[1:-1,1:-1]1+G[-2:,1:-1]1+\
G[2:,1:-1]1+G[1:-1,:2]+G[1l:-1,2:]
delta = numpy.sum(numpy.abs (tmp-center))
center[:] = tmp
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Python OpenMP

OpenMP+MPI  +Latency Hiding OpenCL
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Bohrium
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mPy

import numpy
def heat2d (G, epsilon):
delta = epsilon+l
while delta > epsilon:
tmp = 0.2#(G[1:-1,1:-1]+G[-2:,1:-1]+\
G[2:,1:-1]1+G[1:-1,:2]+G[1:-1,2:]
delta = numpy.sum(numpy.abs (tmp-center))
center[:] = tmp

python -m bohrium heat2d.py

UNIVERSITY

F C

ADD t1, center, north
ADD t2, tl, south
FREE t1

ADD t3, t2, east
FREE t2

ADD t4, t3, west

FREE t3

MUL tmp, t4, 0.2

FREE t4

MINUS t5, tmp, center
ABS t6, t5

FREE t5

ADD_REDUCE t7, t6
FREE t6

ADD_REDUCE delta, t7
FREE t7

COPY center, tmp

FREE tmp

SYNC delta
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Performance — Speedup VS NumPy
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Freely Available and Open Source

Bohrium

1ololl

www.bhl07.0rg

www.github.com/bhl107/bohrium

[ ]
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Performance — Bohrium vs C

| C99 | Bohrium | NumPy
Threads | | 4 | 1

]
Leibnitz Pi 1 0.99 0.25 1.79
Black Scholes 1 0.95 0.25 4.76
1

1

1

Monte Carlo Pi 0.98 0.25 1.11
Heat Equation 145 0.87 | 5.00
Rosenbrock 0.96 0.27 7.69

Table: Normalized runtime of Bohrium using C99 as baseline
(lower is better). The timings are for full runs.
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ANSI C — Sequential

#include <math.h>
void heat2d(int size, double xgrid, double epsilon)
{
int gsize = size+2;
double T = malloc(gsizexgsizexsizeof (double));
double delta = epsilon+l;
while (delta > epsilon)
{

PENHAGEN

double *a = grid;
double *t = T;

delta 0;

for (i=0; i<size; ++i)
{

double *up = a+l;

double xleft = a+tgsize;
double *right = at+gsize+2;
double *down = atl+gsizex2;

double xcenter = atgsize+l;

double *t_center = t+gsize+l;

for (j=0; j<size; ++3)

{
*t_center = (xcenter + »up++ + xleft++ + »right++ + *down++) / 5.0;
delta += fabs(t_center+center);

}

a += gsizej

t += gsize;

}

memcpy (A, T, gsizexgsizexsizeof (double));
}
}
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ANSI C — OpenMP

#include <math.h>
void heat2d(int size, double xgrid, double epsilon)
{

/

int gsize = size+2;
double *T = malloc(gsizexgsizexsizeof (double));
double delta = epsilon+l;
while (delta > epsilon)
{
delta = 0;
#pragma omp parallel for shared(grid,T) reduction(+:delta)
for (i=0; i<size; ++i)

{

int a = i x gsize;

double xup = &grid[a+l];

double xleft = &grid[at+gsize];
double *right = &grid[a+gsize+2];
double +down = &grid[a+l+gsizex2];
double *center = &grid[a+gsize+l];
double xt_center = &T[atgsize+l];

for (j=0; j<size; ++3j)
{
*t_center = (xcenter + xup++ + xleft++ + xright++ + *down++) / 5.0;
delta += fabs(t_center+center);
}
}

memcpy (grid, T, gsizexgsizexsizeof (double));
}
}
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ANSI| C — OpenMP + MPI

#include <math.h>
¥include <mpi.h:
void heat2d(int size,

{

double *grid, double epsilon)

int gsize = SIZE+2;
MPI_Comm_rank (MPT_COMM_WORLD,
MPI_Comm_size (MPT_COMM_WORLD,
MPI_Comm comm;
int periods(]
MPI_Cart_create (MPI COMI_WORLD, 1,
periods, 1, scomm);

int 1_size = SIZE / worldsize;
if (nyrank == worldsize-1)

1_size += SIZE % worldsize;
int 1_gsize = 1_size + 2;

smyrank) ;
sworldsize) ;

sworldsize,

double delta = epsilon+l;
while(delta > epsilon)
(

int p_src, p_dest;

WBT_Cart_shife (comm, 0,1, sp_sre, sp_dest) ;
MPI_Sendrecv (gridtgsize, gsize, MPT_DOUBLE,
p_dest, 1,qrid, gsize, MPI_DOUBLE,
p_sre, 1, comm, MPT_STATUS_TGNORE) ;
MP_Cart_shifc (conm, 0, -1, éb_src, Gp_dest);
MPT_Sendrecv (gridt (1_gsize-2) xgsize,
gsize,MPT_DOUBLE,
p_dest, 1,grid+ (1_gsize-1) +gsize,
gsize,MPI_DOUBLE,
p_sre, 1, conm, MPT_STATUS_TGNORE) ;

delta = 0;
#pragma omp parallel for shared(grid,T)
for(i=0; i<size; ++i)

{

reduction (+:delta)

int a =i gsize;

double vup = &grid[a+l];

double sleft = &gridla+gsize];

double vright = sgridlatgsizes2];

double +down = sgridlatlrgsizes2];

double +center = &grid[a+gsize+l];

double +t_center = &T(atgsizesl];

for (j=0; j<size; ++j)

{

wt_canter = (scenter + suptt + wlefthh + wrightht + wdownt+) / 5.0;
delta += fabs(t_centerscenter);

¥

}
memcpy (grid, T,
I_Allreduce (delta,

gsizesgsizersizeof (double) ) ;

delta, 1, MPI_DOUBLE, MPI_SUM, MPI_COMM_WORLD);
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ANSI G — OpenMP + MPI + Latency Hidding
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C++11 — OpenCL
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