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Abstract

In this paper, we propose a method to compute the interface between protein molecules. When a molecule is represented
as a set of spheres with van der Waals radii, the distance from a spatial point p to the molecule corresponds to the distance
from p to the closest sphere. The molecular interface is composed of equi-distant points from two molecules. Our algorithm
decomposes the space into a set of voxels, and then constructs a voxel map by storing the information of spheres

intersecting each voxel. By using the voxel map, we compute the distance between a point and the molecule. We also use
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GPU for the parallel processing, and efficiently approximate the interface of a pair of molecules.
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Algorithm 1: Voxel map construction

function VoxelMap (M,, M,, V)

Begin

For each B(c, ) € MU M, do in parallel /* GPU code */
VS := the set of voxels that intersect with B(c, r);

For each voxel V € VS do

Add B(c, r) to V.atoms;,
End.
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Algorithm 2: Distance computation
function Dist (p, M)
Begin
max_step = oo;
min_dist ==
update = false;
For step =0 to max_step
V, = the voxel containing p;
V)= Vynn(step),



Vy:=Vy.nn(step-1);
V=V-Vy
For eachv e V
For each B(c, ) € v.atoms
if | p—q | —r<min_dist then
min_dist := distance;
update = true;
if update = true then
max_step = Ceil( min_dist / min(S,/n,, S,/n,, S./n.));
return min_dist;
End.
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Algorithm 3: Interface construction
function Interface (M,, M, V)
Begin

New triangleList;
For each v € V do in parallel
Initialize dist_value;
Initialize vertex_list;
cube_index := (0
For each p; € v.vertices (0<i <8)
dist_valueli] .= Dist(p;, M;) — Dist(p;, M>);
if dist_value[i] <0 then cube_index +=2";
For each ¢; € v.edges (0<i<12)
epp = e.lEnd_point;
ep; = e.rEnd point;
lerp_param = dist_value[ep,) / (dist_value[ep,]
—dist_value[epy));
Minearly interpolate the position where an isosurface cuts
an edge between two vertices
vertex_list [i] = Lerp_point(epy, ep,, lerp_param);

triangle 7 := Lookup(cube_index, vertex_list),
triangleList.add(t)

return triangleList

End.
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protein molecules execution time (msec) Speedup of our
Algorithm in [7] Our algorithm algorithm compared to
PU : Intel i5 760 2.8GH PU : Intel i5 760 2.8GH the algorithm in (7]
PA #A PB 4B CPU : Intel i5 760 2.8GHz CPU : Intel i5 760 2.8GHz
RAM :4.0GB RAM :4.0GB
GPU : GeForce GTX590




D.C! LC’ Total | D.C! 1C? Total
1QQU 1,642 1BA7 | 2,496 11.01 154.26 165.27 0.10 3175 31.85 5.19
1RGH 2,883 1A19 1,438 11.88 183.32 195.20 0.09 43.79 43.88 4.45
1GJR 2,338 1CZP | 1,571 10.21 108.59 118.80 0.11 112.09 112.20 1.06
1QLP 2,956 | 1UTQ | 3,267 60.66 191.18 251.84 0.09 38.61 38.70 6.51
1BTP 1,629 | 1LUO | 476 5.04 114.14 | 11918 0.10 30.41 30.51 391
1HJ9 3206 | 2UUX | 434 1031 147.02 | 157.33 0.09 13.93 14.02 11.22
1BU6 | 15621 | 1F3Z | 1,107 | 64.81 159.79 | 224.60 0.16 13205 | 13221 1.70
103Y | 2,664 | 10XY | 1,051 | 21.80 17853 | 20033 0.11 49.60 49.71 4.03
2FOR | 2314 | 1Y)l | 1,738 | 10.66 | 224.65 | 23531 0.10 34.89 34.9 6.73
IACC | 5282 | 1SHU | 1,39 | 19.93 14661 | 16654 0.11 61.49 61.60 2.70
average | 4,054 - 1,497 | 2263 160.81 | 183.44 0.11 54.86 54.97 475
'D.C. : data structure construction time(ms), ’L.C. : interface computation time(ms)
3 2. 22 Qe o] 29] A4 AIZF Marching cube 231 2] F ol AHEH = AAFe] 7|82 x 32 % 32)
protein molecules execution time (msec) Speedup of our
Algorithm in [7] Our algorithm algorithm compared to
CPU : Intel i5 760 2.8GHz CPU : Intel i5 760 2.8GHz the algorithm in 7]
PA #A P.B #B | RAM:4.0GB RAM :4.0GB
GPU : GeForce GTX590
DC! 1C.2 Total | D.C! LC.2 Total
1QQU | 1642 | 1BA7 | 249 | 1101 59433 | 605.34 0.10 63.72 63.82 9.49
IRGH | 2,883 | 1A19 | 1,438 | 11.88 64823 | 660.11 0.09 96.59 96.68 6.83
1IGR 2338 | 1CZP | 1,571 | 1021 41301 | 42322 0.11 366.78 | 366.89 115
IQLP | 2956 | 1UTQ | 3,267 | 60.66 | 750.25 | 810.91 0.09 79.38 79.47 10.20
1BTP 1,629 | 1LUO | 476 5.04 43741 | 44245 0.10 64.13 64.23 6.89
1HJ9 3,206 | 2UUX | 434 10.31 624.26 634.57 0.09 30.03 30.12 21.07
1BU6 15,621 1F3Z | 1,107 64.81 658.38 723.19 0.16 314.02 314.18 2.30
103Y 2,664 10XY | 1,051 21.80 633.25 655.05 0.11 111.59 111.70 5.86
2FOR | 2314 | 1Y]1 | 1,738 | 1066 | 1021.96 | 1032.62 0.10 78.72 78.82 13.10
IACC | 5282 | ISHU | 1,39 | 1993 559.55 | 579.48 0.11 13924 | 13935 4.16
average | 4,054 - 1,497 22.63 634.06 656.69 0.11 134.42 134.53 8.11

'D.C. : data structure construction time(ms), ’I.C. : interface computation time(ms)
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