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Comparison of Voxel Map and Sphere Tree Structures
for Proximity Computation of Protein Molecules
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ABSTRACT

For the geometric computations on the protein molecules, the proximity queries, such as computing
the minimum distance from an arbitrary point to the molecule or detecting the collision between a point
and the molecule, are essential. For the proximity queries, the efficiency of the computation time can
be different according to the data structure used for the molecule. In this paper, we present the data
structures and algorithms for applying proximity queries to a molecule with GPU acceleration. We present
two data structures, a voxel map and a sphere tree, where the molecule is represented as a set of spheres,
and corresponding algorithms. Moreover, we show that the performance of presented data structures
are improved from 3 to 633 times compared to the previous data structure for the molecules containing
1,000~15,000 atoms.
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Function VoxelMapConstruction (M)
/% M: a set hard spheres */
Begin
For each B(c, r) € M do in parallel begin /*
GPU code */
VS = the set of voxels that intersect
with Bl(c, r);
For each voxel V€ VS do
Add Bl(c, r) to V.atoms,
end
End

Algorithm?2: Collision Detection
Function CollisionDetection (P) /* P: a set of query
points */
Begin
For each p € P do in parallel begin /* GPU
code */
V5 = the voxel containing p;
For each B(c, r) € 1, .atoms do
if| p-c || - 7 < 0 then
return frue;
end
return fise;
End.
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Algorithm3: E4 wof] sk HA& A ALk
Function MinDist(P) /* P: a set of query point */
Begin
For each p € P do in parallel begin/* GPU code */
max step = ;
min_dist 1= ©o;
update = false;
For step := 0 to max step do begin
V5 = the voxel containing p;
For each v&EV,.nn(step) — Vp.nn(step-
1) do
For each B(c, r) € vatoms do
if || p-c || -r < min_dist then
begin
mindist =] p-c¢c |-1
update = true;
end
if update == true then
max_step:=Ceil(min_dist/min(Sy/ n,
S/, S/1n,);
end
return min_dist
End.
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Function R-RadiusAtoms (R, P)
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/* R: user—specified radius */
/% P: a set of query point */
Begin
For each p € P do in parallel begin /* GPU code */
AL = J;
V5 = the voxel containing p;
step = Ceill R / min(Syny, S/ny, S/n,) );
For each v € V,.nn(step) do
For each B(c, ) € wvatoms do
if | p-c || - r < Rthen
add B(c, r) to AL;
end
return AL;
End.
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Function SphereTree(M, T)

/* M: a molecule consists of hard spheres */

/% T a set of sphere trees for the molecule */

Begin

For each peptide chain P; in M do begin
Construct an empty tree 7}
Add a root node R; to 7;, where R.atoms ={every
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atoms in Pi;
nodelistpush(F;)
For each node N;in nodelist do in parallel/* GPU
code */
my ‘= ag.amino, where a, is the first atom of V;
my = agamino, where ag is the last atom of N;
ms ‘= aramino, where ¢ = (a + B)/2
if m; < m> then
add new children N;, Np to the current node
N; where Ni.atoms and Npz.atoms contain two
partitioned subsets of N.atoms using my as a
fiducial amino acid;
nodelistpush(NVy);
nodelistpush(Ng);
For each node N in
%/
Compute bounding sphere N.BS for the atoms
contained in NV.atoms;
return 7 = {7}

7; do in parallel /+ GPU code

ZE 77 dugE&e Algorithm63} 2t} o9
AR a = Blca,ra) ¢ query point p 7+e] A& dist(a
pT T3 Zo] ALtHET

dist ( p) =l ca-p Il - nra

2ulof E2| 7= H|u 799

130 LEU
LYS

2o Eg e &3t § /9] =5 sNoded} 3fil
I vked 2399E sNode.BS = Slcg,rs)eF & o,
dist(sNode.BS, p)= ©<3 Zo] AoH),

dist (sNode.BS, p) = ll cs-p Il - m

Algorithm6: &34
Function CollisionDetection(M, 7, p)
/* M: a molecule consists of hard spheres */
/* T a sphere tree for M =/
/* p: a query point */
Begin
For each p € P do in parallel begin
Stack Sy
Spush (7.roob);
while S = & do begin
sNode ‘= Spop( );
if dist(sNode.BS, p) < 0 then begin
if sNode is a leaf node then
for each a€sNode.atoms with
dist(ap) < 0 do
return frue;
else
for each child of sNode that is not
null do
Spush(sNode.child);
end
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end
return false;
end
End.
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Function MinimumDist(M, 7, p)
/* M: a molecule consists of hard spheres */
/% T a sphere tree for M */
/% p: a query point */
Begin
For each p € P do in parallel begin /* GPU
code */
Stack S
Spush( 7.roob);
d = oo
While S = @ do begin
sNode = Spop( );
if dist(sNode.BS, p) < d then begin
if sNode is a leaf node then
for each a&sNode.atoms with
dist(ap) < d do
d.=dist(a, p);
else
for each sNode.child that is not
null do
S.push(sNode.child);
end
end
return o
end
End.
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Function R-radiusAtoms(M, T, p, d)

/* M- a molecule consists of hard spheres */
/* T a sphere tree for M =/

/* p: a query point */

/% d- the radius from p*/

Begin
For each p € P do in parallel begin
Stack S/
Spush( T.root);
List AL;
while S = & do begin
sNode = Spop();
if dist(sNode, p) < d then begin
if sNode is a leaf node then
for each a<sNode.atoms with
dist(ap) < d do
AL.add(a);
else
for each sNode.child that is not
null do
S.push(sNode.child);
end
end
return AL;
end
End.
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