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Perfor mance Evaluation of FPGA-based Stream Computing
Hardware Customized for Tsunami Simulation
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Abstract: Tsunami simulation has been developed based on MOST (Method Of Splitting Tsunami), which is one of
the widely used numerical solvers for the shallow water equations (SWESs). As a platform for a high-speed tsunami
simulation system operatable in power-limited mobile environment, FPGA-based custom computing machines are
promising for their power-efficiency brought by custom hardware elaborated for and individual target target application.
In this paper, we design a custom hardware with a large-scale floating-point pipline for tsunami simulation after
designing a stream algorithm for the 1D SWE solver by analyzing its software code. For prototype implementation
with a state-of-the-art 28nm FPGA, we estimate that computing performance higher than 80 GFlop/sis available with
a stream bandwidth of only 4.0 GB/sfor single-precision floating-point operations at 200 MHz.
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#define SIZE 1024 /****  number of grid points *¥**%/
#define GA 1.0e-4

#define DT 1.0e-4

float uw[SIZE], qw[SIZE], vw[SIZE]; /***% computing array ***%/
float dw[SIZE], h[SIZE]; /***% constant array ***%/
float ul[SIZE], gl[SIZE], v1[SIZE]; /***%*  temporary array kkx*/
int main()

(

J**xxxxxxxx  Initialization of qwli], uw[i], vwl[i], dwl[i], h[i] *x*xxxxxex/
J**kxkxkrxk  Main 1oop FOr time MArChing **k&kkakksbkkdkkksdskhbkhsshsshs/
for (int ts=0; ts<40000; ts++) swlon(uw, gqw, vw, dw, n, h);

}

void swlon(float* uw, float* qw, float* vw, float* dw, int n, float* h)

{

float di, d2, tl;

for (int i=0; 1i<SIZE; i++) { JEEAEAREAA S AR AS [OOD-1 KXFAAKAAAKARA R, |

ul[i] = uw[i] + 2.0*sqgrt(GA * gw[i]); /****** Canonical transform ****xx/
gl[i] = uw[i] - 2.0*sqrt(GA * qw([i]);
qwli] = ql[il;
uw[i] = ull[i];
v1[i] = vwl[i];
}

for (int i=1; i<(SIZE-1); i++) { /**kkskkrbkhrshss LOOD-2 *kkkkhkkrtkhrsss/

d1i GA*DT ( (dw([i+1] - dwl[il) / h[i] - (dw[i] - dw[i-1]) / h[i-1]);

d2 = GA*(dwl[i+1l] - dw[i-1]);
tl = DT / (hli-1] + h[il);
ull[i] sw( dl, d2, tl1, DT, uw[i], &uw([i-1], &qw[i-1], &h[i-1] );

ql[i]l = sw( d1, d2, tl, DT, gwli], &gqwli-1], &uw[i-1], &h[i-1] );

v1[i] vw([i] - £1*0.5 *
( (uw[i] + qw[il)* (vw[i+1] - vw[i-1]) - (uwl[i]l + qwl[i]) / 4.0*DT *
((uw[i+1] + qw[i+1] + uw([i] + qw[i]l)*(vw[i+1] - vw[i]) / h[i] -
(uw[i] + qw([i] + uw([i-1] + qw[i-1])*(vw([i] - vw([i-1]) / h[i-1]));
}

for (int i=0; i<SIZE; i++) { JHAR AR AR A KA KRR AR LOOD-3 KA KA R ARk A KRk Ak ]

qwli]l = (ulli] - gl[i]) * (ulli] - gl[i]) / (16.0 * GA);
uw[i] = (ul[i] + gl([i]l) * 0.5;
vwl[i] = wv1[i];

}

}

float sw(float d1, float d2, float tl, float t, float uoO,
float *u, float *q, float *h)
(
return (u0 - t1*((3.0%*ul0] + q[0] + 3.0%u[2] + q[2]) / 8.0%(u[2] - ulo0]) -
d2 + di*(3.0*u[1] + q(1]) / 4.0 - t / 32.0%(3.0*%u[1l] + g[1]) *
((3.0%uf2] + gl[2] + 3.0*ufl] + gl[1])*(ul2] - ul1]) / h[1] -
(3.0*%uf0] + g0l + 3.0%u[1] + g[1])*(ul1] - ul0]) / h[ol)) );
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Jx+=%* fdefine and global arrays are the same as the original code. *#*x%%/
/***** main() is the same as that of the original code. *****xxk**kxkxtkx/

void swlon2(float* uw, float* qw, float* vw, float* dw, int n, float* h)

{
float gw_0, qw_1, gw_2; /**x%x%  ghift buffers for streaming ***x*%/
float uw_0, uw_1, uw_2; /***%x%x 0 corresponds to [i+1]. Hk kKK [
float vw_0, vw_1, vw_2; /****%x%x 1 corresponds to [i ] . kKKK [
float dw_0, dw_1, dw_2; /***%x%x 2 corresponds to [i-1]. kk KKK [

float h_ 0, h_1, h_2;

for (int i=-1; i<SIZE; i++) {  /*x**x*x+x*x* Single main loop ****x*x%/
JEREEKEKE KKK AR * Emulating shift Duffers *** sk sk sk sk kkkxkxkxkx /
qw 2 = qw l; uw 2 =uwl; vw2=7vw l; dw2=dwl; h2=nhl;
gw 1l =qw 0; uw l=uw0; vwl=vw 0; dwlo=dw0; h1ls=ho;
JHFEx kA kR R x K kKR *%%%%  Data read and fused LOOP-1 %%k kxkkkkkx&xx sk sk /
if (i != (SIZE-1)) {

gw_0 = uw[i+l] - 2.0*sqrt(GA * gw([i+l]);

uw_0 = uw[i+1l] + 2.0*sqgrt(GA * qwl[i+1]);

vw_0 = vw[i+l];

dw_0 = dwli+1];

h 0 = hli+l];
}
int flag = (i == 0)||(i == (SIZE-1)) 2 1 : 0; /***% for boundary ***x/
if (i != -1) swlon strm( flag, qw 0, uw_0, vw 0, dw_0,

qw_1, uw_1, vw_1, dw_1, h_1,
qw_2, uw_1, vw_1, dw_1, h_1,
&(qwlil), &(uw[i]), &(vwli]) );
}
}

void swlon_strm(int flag,
float qw_0, float uw_0, float vw_0, float dw_0,
float qw_1, float uw_1, float vw_1, float dw_1, float h_1,
float qw_2, float uw_2, float vw_2, float dw_2, float h_2,
float *ogw, float *ouw, float *ovw)

JHEEEEEH AR F A F A E AR AR A% FuSed LOOP-2  Frkkkkkdkkdkk bk hkkx kKK R KA RH, ]

float dl = GA * DT * (( dw 0 - dw. 1 )/h 1 - (dw 1 - dw 2 )/h 2);
float d2 = GA * ( dw_ 0 - dw 2 );

float t1 = DT / ( h 2 + h 1 );

float ul =

float gl =

float vl =

if ( flag != 1) {

ul = sw_strm(dl, d2, tl1, DT, uw_2, uw_1, uw 0, gw_2, gw_1, gw 0, h_ 2, h 1);

gl = sw_strm(dl, d2, tl, DT, qw_2, gqw_1, gw_0, uw 2, uw_1, uw 0, h 2, h 1);
vl = vw_1 - tl*0.5 *

( (uw_1 + qw_1)*(vw_0 - vw_2) - (uw_1 + qw 1) / 4

((uw_0 + gw_0 + uw_ 1 + gqw_1)*(vw 0 - vw 1) / h 1

/ h2

L0*DT *
(uw_ 1 + qw 1 + uw 2 + qw _2)*(vw_1 - vw_2) ;

))

R KKK KKKk k FUSed LOODP-3  kkkkkkkok ok ok okk kKKK KKK KKK KKK KKKk

*ogw = (ul - gl)* (ul - gl) / (16.0%GA);
*ouw = (ul + gl) * 0.5;
*ovw = VI1;

}

float sw_strm(float di1, float d2, float tl, float t, float u0,
float u_ 0, float u 1, float u 2,
float g 0, float g 1, float g 2,
float h_0, float h_1, float h_2)
{
return (u0 - t1*((3.0%u_0 + g 0 + 3.0%u_2 + g 2) / 8.0%(u_2 - u_0) -
d2 + d1*(3.0*u_1l + q 1) / 4.0 - t / 32.0%(3.0*u_1 + q_ 1) *
((3.0%u_2 + g_2 + 3.0%u_1 + g _1)*(u_2 - ul) / h 1 -
(3.0%u_0 + g 0 + 3.0*u_1 + g_1)*(u_l - u0) / h o)) );
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