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Abstract

The production of realistic image generated by computer requires a huge amount
of computation and a large memory capacity. The use of highly parallel machines
allows this process to be performed faster. Distributed memory parallel computers
(DMPCs), such as hypercubes or transputer-based machines, offer an interesting per-
formance/cost ratio when assuming that a load balancing and a partition of the data
" domain have been performed. This paper presents a software running on an iPSC/2
whose name is VM_pRAY. The aim of this experimental software is to show that using
a virtual shared memory is an efficient strategy for parallelizing algorithms which, like
ray tracing, usc large read-only databases with no obvious data domain decomposition.

The source code of VM_pRAY for an hypercube iPSC/2 is given in the appendix.

Un algorithme de lancer de rayon performant pour une
machine a mémoire distribuée

Résumé

La production d’images de synthése réalistes nécessite de nombreux calculs ainsi
que 1’utilisation de bases de données de taille trés importantes. L’utilisation de ma-
chines massivement paralléles permet de réduire de fagon significative les temps de
traitement. Les machines paralléles & mémoire distribuée, telles que les hypercubes ou
les machines & base de transpulers, offrent un rapport performance/coit intéressant
dés lors qu’une répartition équilibrée des calculs et des données est obtenue. Cet article
présente un logiciel appelé VM_pRAY. Le but de ce logiciel expérimental est de mon-
trer que I’émulation d’une mémoire partagée virtuelle est une stratégie efficace pour la
parallélisation d’algorithmes, tel que le lancer de rayon, qui utilisent de grandes bascs
de données en lecture ¢t dont le domaine est difficilement décomposable a priori. Les
sources de VM_pRAY, pour un hypercube iPSC/2, sont fournis en annexe.

*Virtual Memory parallel RAYtracer
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Figure 1 : The ray tracing principle.

1 Introduction

The ray tracing algorithm is used in computer graphics for rendering high quality image
synthesis. It is based on simple optics’ laws taking into account the effects such as shading,
reflection and refraction. This graphic algorithm also is well known for its processing
ressources requirement. Despite numerous improvements, the ray tracing algorithm is still
too slow on sequential computers. Therefore, low cost high parallel powerful computers,
such as distributed memory parallel computers (DMPCs) seem to be an opportunity for
speeding up this algorithm. This paper presents VM_pRAY, a parallel ray tracing algorithm
capable to render scenes of more than one million polygons on an hypercube iPSC/2.
Section 2 presents the basic procedures used in our algorithm, while section 3 describes
the use of a virtual shared memory for parallelizing this algorithm. Results are given in
section 3.6 to show the performances of VM_pRAY.

2 Computation involved in the ray tracing algorithm

The ray tracing algorithm simulates the operation of a camera, following light rays in
reverse order. The basic operation consists in tracing a ray from an origin point towards a
direction in order to evaluate a light contribution. The closest intersection (tmpact point)
between the ray and the scene determines the object, if one exists, which contributes to
this evaluation. As shown in Figure 1, the computation of each pixel of a simulated screen
plane consists in shooting a ray from an observer through this pixel (primary rays). When
an impact point is found, light sources’ contributions to a pixel intensity are computed by
shooting rays (light rays) from this point to each light source to determine if the relevant
point is shadowed. According to the photometric properties of the intersected objects, new
rays are shot from the impact point, in order to take into account the contribution of the
neighboring objects [5, 8, 15]. If the object is transparent (respectively reflective) a ray is
shot in the refracted (respectively reflected) direction (secondary rays).



Geometric computations are used to find the closest intersection point between a ray
and the objects in the scene. Their number increases with the photometric complexity of
the scene (i.e. with the number of rays) and with the geometric complexity of the scene
(i.e. with the number and the shape of the objects). Computing realistic images requires
several millions of rays and several hundreds of thousands objects. It is this large number
of ray/object intersections which makes the ray tracing a very expensive method. Several
attempts have been proposed to minimize the amount of ray/object intersection. These
solutions are based on what we call an object access structure which allows a fast search
for objects along a ray path.

This section presents the basic algorithms of VM_pRAY dealing with geometric com-
putations. VM_pRAY uses polygonal objects, and both a regular grid [1, 6] as an object
access structure and an object extent called slabs [9].

For the basic algorithms, we use the following representation :

o The parametric representation of a ray is :
r(t) =0+ Dt (1)

where, O is the origin of the ray, D the direction of the ray, and t the parameter of
the representation.

e A polygon is described by its vertices V; (i € {0,---,n—1},n > 3). Let i,y and 2
the coordinates of the vertex V;. Assuming that VoV, and VoV, are not colinear, the
normal vector N of the plane containing the polygon is given by :

N=VoVi x VoVs

For each point P of the plane the quantity P.N is constant. This constant value is
computed by the dot product d = —Vp.N. The implicit representation of the plane,

NP+d=0 (2)

is computed once for all, and stored in the polygon data structure.

2.1 Regular 3D grid

The rectangular scene extent is subdivided into a 3D grid whose elements are voxels. With
each is associated a list of polygons intersecting it. For each ray, the grid provides a list
of polygons whose location is close to the ray direction. To avoid repeated intersections
between a polygon shared by severals voxels and a given ray, an identifier (id,q,) is stored
in the polygon data structure and represents the last ray checked for an intersection with
this polygon.

The grid traversal method is the one described in [1]. Beforehand, the first voxel en-
countered by the ray is determined. This voxel is either the voxel containing the origin of
the ray (O) or the entry voxel when the ray comes from outside the grid. For each ray
traversing the grid, the following values are initialized :
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Figure 2 : Traveling a 3D grid.
e the constants §t,, 61, and 6t, represent the increment of ¢ in each direction X, Y,
Z.

e the variables ., t, and t, represent the values of t corresponding to the next voxel
boundary in the X, Y or Z direction (see Figure 2).

An incremental step through the grid is done using :

if t;<tyandt, <t,

then Te—zx+1;
ty — o + 0t
else if ¢, <t,
then y — y+1;
ty — t, + 8ty;
else 22— 2z+4+1;
t, — t, + 6t,;
2.2 Slabs

Before computing the ray/polygon intersection, a test is made using the slabs (cf [9]).
The slabs are convex extents delimited by pairs of parallel planes (see in figure 3 a 2D
example). One slab is characterized by a normal direction N; and two values d™" and
d**%, so that the equation of the planes enclosing a polygon in the direction N; are :

N;-P+df"i"=0 and N;-P + d™** = 0 (3)

d7™" and d*°* are evaluated by projecting each vertex V; according to direction N; :

dij = N;-V; d™™ = min(d;;) dP** = max(d;;)
J J

The values d™" and d** are stored in the polygon data structure. During the syn-
thesis task, the ray/slab intersection results in an interval [t7n tma%], These values are
computed using the ray representation (Equ. 1) and the slabs representation (Equ. 3):

gmin _ 4" — Ni.O ymaz _ 40°*" = Ni.O
t N;.D § N;.D

For each ray, the following values are pre-computed :
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Figure 3 : Description and intersection of the slabs extent.

S;=N;-O0 and Ti:T;lﬁ
Therefore, a ray/slab intersection only requires the following computations :
trin = (dPn — S)T;  and %0 = (dP"** - S)T;
Furthermore, as soon as ﬂ,-[t}"i", %] is empty, the ray does not intersect the ob ject since
it does not intersect its extent.
2.3 Ray/polygon intersection

The following ray/polygon algorithm is quite similar but faster to the one described in
[14]. This algorithm consists of two steps :

e find the intersection point P between the ray and the polygon plane.
e test if P lies inside the polygon.
The parameter t corresponding to the ray/plane intersection point can be obtained by
using equations (1) and (2) : '
d+ N.O
t=s ————
N.D )
Three tests are made for this ¢ value :

e If polygon and ray are parallel (N.D = 0), the intersection is rejected.

e If the intersection is behind the origin of the ray (¢ < 0), the intersection is rejected.
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Figure 4 : Parametric representation of the point P.

e If a closer intersection has been already found for the ray (¢ > tray), the intersection
is rejected.

Then, we must determine if the intersection point is inside the polygon. This algorithm is
applied to triangles but can be easily extended to convex polygon. To efficiently compute
a ray/triangle intersection, the triangle is parametrized by two values o and f. Indeed,
the point P within the triangle plane verifies :

VoP= a. VW3 +8. VoV, (5)
The point P is inside the triangle (VoW1 V) if :
a>0,8>0and a+p3<1

The computation of @, § requires to solve a system of three equations of two unknowns
which can be reduced to a system of two equations of two unknowns when working in a
plane, with two-dimensional coordinates. We wish to project the polygon onto one of the
primary planes, either XY, XZ, or YZ. If the polygon is exactly perpendicular to one of
these planes, its projection onto that plane will be a single line. To avoid this problem,
and to make sure that the projection is as large as possible, we find the dominant axis of
the normal vector and use the plane perpendicular to that axis. As in [14], we compute
the value 4,

L if |Ny| = Maz(|N, [Ny, V..
2 if INzl = M‘”’(lNzlx INyL INzl)

Let us onsider é; and i2 (11 and 3 € {0,1,2}), the indices (different from 4() representing

. { 0 if |Nz| = Maz(|Nz|,|Nyl,|N;)).
I =

the two other components, and (u, v) the two-dimensional coordinates of the vectors Vo P,
VoV1 and WV, ¢

Ug = -Pil - VO.'I Uy = 1/1.'1 - ‘/0.'l Uz = V2,'1 - ‘/0.'1
Vo = -Piz - ‘/0.'2 N = ‘/1,‘2 - ‘/0.'2 Uy = V2g2 - ‘/O,'2
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