Chapter-15
Application case study— molecular
visualization and analysis



FIGURE 15.1: Electrostatic potential map is used in building stable structures for
molecular dynamics simulation.
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FIGURE 15.2: The contribution of atom[i] to the electrostatic potential at lattice
point j (potential[j]) is atom[i] charge/r’. In the Direct Coulomb Summation

method, the total potential at lattice pointj is the sum of contributions from all
atoms in the system.
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void cenergy(float *energygrid, dim3 grid, float gridspacing, float z, const float *atoms,
int numatoms) {
int 1,j.n:
int atomarrdim = numatoms * 4;
for j=0: j<grid.y: j++) {
float y = gridspacing * (float) j:
for (1=0; i<grid.x: i++) {
float x = gridspacing * (float) i;
float energy = 0.0f;
for (n=0: n<atomarrdim: n+=4) { // calculate potential contribution of each atom
float dx = x - atoms[n ]:
float dy =y - atoms[n+1]:
float dz = z - atoms[n+2];
energy += atoms[n+3] / sqrtf(dx*dx + dy*dy + dz*dz):
}
energygrid[grid.x*grid.y*k + grid.x*j + 1] = energy:
}
}
}

FIGURE 15.3: Base Coulomb potential calculation code for a 2D slice.
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FIGURE 15.4: Overview of the DCS kernel design.
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float curenergy = energygrid[outaddr]; ——=—__  Start global memory reads
| early. Kernel hides some of

float coorx = gridspacing * xindex; its own latency.
float coory = gridspacing * yindex;

int atomid:
tloat energyval=0.0f:
for (atomid=0: atomid<numatoms: atomid++) {
float dx = coorx - atominfo[atomid].x:
float dy = coory - atominfo[atomid].y:
energyval += atominfo[atomid].w *
rsqrtf(dx*dx + dy*dy + atominfo[atomid].z);

h JE— Only dependency on global

energygrid[outaddr] =7c71renergy + energyval; | mmemory read is at the end of
the kernel...

FIGURE 15.5: DCS kernel version 1.
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FIGURE 15.6: Reusing computation results among multiple grid points.
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...for (atomud=0; atomid<numatoms: atomid-+) {
float dy = coory - atominfo[atonud].y:
float dysqpdzsq = (dy * dy) ¥atominfo[atomid].z:

float x = atominfo[atomid].x:
float dx1 = coorx] - x:
float dx2 = coorx2 - x:
float dx3 = coorx3 - x:
float dx4 = coorx4 - x:

Compared to non-unrolled
kernel: memory loads are
decreased by 4x, and FLOPS
per evaluation are reduced, but
register use 1s increased. ..

float charge = atominfo[atomid].w:

energyvalxl += charge * rsqrtf(dx 1*dx1 + dysqpdzsq):
energyvalx2 += charge * rsqrtf(dx2*dx2 + dysqpdzsq):
energyvalx3 += charge * rsqrtf(dx3*dx3 + dysqpdzsq):
energyvalx4 += charge * rsqrtf(dx4*dx4 + dysqpdzsq):

FIGURE 15.7: Version 2 of the DCS kernel.
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FIGURE 15.8: Organizing threads and memory layout for coalesced writes.
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..float coory = gridspacing * yindex:
float coorx = gridspacing * xindex:
float gridspacing_coalesce = gridspacing * BLOC‘KSIZE.‘(:-~:.'_;:_I Points spaced for
it atomid:
for (atomid=0: atomid<numatoms: atomid++) {
float dy = coory - atominfo[atomid].y:

memory coalescing

float dyz2 = (dy * dy) + atominfo[atomid].z; ——cc——— : .
yz2 = (dy T dy) * ator [atomid].2; Reuse partial distance
float dx1 = coorx - atominfo[atomid].x:

(] components dy”2 + dz"2
float dx8 = dx7 + gridspacing_coalesce:
energyvalx1 —= atominfo[atomid].w * rsqrtf(dx1*dx1 + dyz2):

[.]
energyvalx8 —= atominfo[atomid].w * rsqrtf(dx8*dx8 + dyz2):

1

J

energygrid[outaddr ] += energyvalx1: < | Global memory ops
[...] occur only at the end

energygrid[outaddr+7*BLOCKSIZEX] += energyvalx7: of the kernel,

decreases register use

FIGURE 15.9: DCS kernel version 3.

Copyright © 2016 Elsevier Inc. All rights reserved.

10



Direct summation, CPU —~
Direct summation, 1 GPU ------_|

LOWCI' Performance versus size
1s better 100 ¢ I/
8 GPU 5 o 1
[} s
o underutilized ]
- 10 } A X—'X”x :
kS o
8 i GPU fully utilized,
[ P )
f LYl P ~40x faster than CPU
Q Yzl .
g
S
5
&

001 ¥

GPU mitialization 100 1000 " 10.000 100,000
time: ~110 ms Number of atoms
Accelerating molecular modeling applications with graphics processors.
J. Stone, J. Phillips, P. Freddolino, D. Hardy, L. Trabuco, K. Schulten.
Journal of Computational Chemistry, 28:2618—2640, 2007.

FIGURE 15.10: Single-threads CPU versus CPU-GPU comparison.

Copyright © 2016 Elsevier Inc. All rights reserved. 11



