GRAPHI CS on the FPS M54

| NTRODUCTI ON

Comput er graphics techni ques have matured to form a rich and
powerful rmeans of comunicating information. As algorithnms have
evol ved, they require increasing amounts of conputer tine. Mdern
scientific conputers have evolved in parallel to satisfy the

requi rements of conpl ex scene generation prograns. The FPS M4
Series is a networked conputer system ideal for rendering conpl ex
3-D images, generating interpretive views of scientific

experinents, and research into advanced graphics al gorithmns.

The architecture and software is conpatible over the entire FPS
M64 range, allow ng code devel oped on the small, |ow cost, entry
| evel devices to be noved to higher performance machines at a
|ater date, or sent to a central facility for accelerated
turn-around. The following shows the 64 bit floating point
performance range of the FPS M54 Seri es:

M54/ 20 6 M| ops
M54/ 30 12 M| ops
M54/ 40 11 M1 ops
M54/ 50 20 M ops
M54/ 60 38 M1 ops

The i mage rendering phase of generating 3-D animated sequences
needs extrenely powerful computer systems if they are to be
effective in a short production schedule. Advanced scientific
computer architectures connected together on |ocal area networks
can provide the high level of conputer power needed for the
ani mat or . This paper shows the characteristics of the FPS M54
Series that give best advantage to conplex rendering algorithns.
Commer ci al software packages avail able for direct execution on the
FPS M64 neans no devel opnent effort is required for the first
production runs.

RENDERI NG

Production ani mati on systens have many diverse conponents, usually
organised by the type of tool required at each stage of the
production cycle. After the story board and artistic design,
comes nodel building and notion dynam cs. These can be previ ewed
on fast graphics workstations, or by generating line tests on film
or video. After mpst of the scene has been designed, the computer
systemis finally set to work generating high-resolution, ful
colour images for each frame in the animtion sequence. The
generation of these inmages is called the 'rendering’ step. Thi s
single task can consune as much as 95%of the entire conputer
system and may therefore be the limting factor for turning out
the film segment within the production deadlines. The FPS M4
network conmpute server can provide the dramatic boost in
performance just where it is needed: during the final rendering!

After the geonmetric formof the scene has been determ ned, each
pixel in the imge nust be assigned a col our appropriate to the
light contribution to that point in the scene. Li ghti ng nodels
are used to determine the colour and intensity from the geonetric
informati on. One of the popular lighting nobdels, and the nost
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easily inplenented, is PHONG shading. The PHONG shadi ng nodel
combi nes anbient, diffuse, and specular lighting conmponents to
derive the final shade at a surface point due to one |ight source.
Thi s vectorises well using high speed vector math library routines
supplied with each system

SOFTWARE DESI GN

Modern graphi cs software systenms developed in 'C can run directly
on the FPS M4 network stations, by using the resident conpiler
and linker. An optimsing FORTRAN-77 conpiler is also available,
for a broad range of scientific code and package devel opnment. The
program devel opnent tools are resident on the FPS M4, thus source
code can be sent to the system together with data files.
Execut abl e modul es are held on the | ocal disk system so rendering
programs can be started with very | ow overheads. The FPS software
has state-of-the-art optim sation techniques for wusing the full
performance of resources on the FPS M4.

The FPS M64 is accessed either by users on the local workstation
to which the FPS M64 is attatched, or by renote access from ot her
wor kst ations on the network (eg. Ethernet).

PACKAGES

Several powerful rendering progranms currently are running on the
FPS M64 Series. At SIA, a solid nmodelling Ray Tracing programi s
available for scene generation, also the MOVIE.BYU pol ygon
rendering system from Brigham Young University. Ver sat ec
Rasterisation software runs directly on the FPS M4 series,
elimnating the need for special purpose rasterisation processors.
The CPS1 Contouring package from Radian perforns 3-D spatia
contours for the O | Reservoir contour plotting.

The software used to generate displays on Versatec plotters has
been adapted for FPS M64 Series M ni superconputers configured with
VAX front-ends running VMS. Versatec Col or Random Version 1.0 is
a subroutine library that is called by the user's Fortran program
to convert data files into graphic displays

Sof t war e packages such as Versatec Col or Random translate output
file data into graphics ranging fromsinple line plots fo full
col our, two-dinensional plots, area fills with a variety of
patterns, logarithmc grids, and titles and boarders.

GRAPHI CS RESEARCH

Many research | abs and universities are using the FPS M4 Series
for graphics research. Their work includes recently published
work in iterated function theory (fractals), ray tracing, terrain
simul ation, and radiosity nethods.

RAY TRACI NG RESEARCH

Ray Tracing is, perhaps, the sinplest and nost accurate nethod of
synthesizing a conplex three dinmensional inmage. I n physica
terms, the algorithmretraces the paths of light rays entering the
eye, taking into account the rays' reflections and refractions,
and the effect of light scattering surfaces. Unfortunately, ray
tracing is extrenmely conputationally intensive. The nunmber of
cal cul ati ons can becone | arge very quickly with increases in the
nunmber of objects in the scene, the depth of the ray tree, and the
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i mge resol ution.

Inray tracing algorithnms, at |east 85%of the execution time is
spent in conmputing ray and object geonetric intersections. The
type of intersection calculation depends on the conplexity of the
obj ect description, but is usually sone type of polynonial root
finder. For quadric or polygonal objects, the ray and object
intersection test can be vectorised using the FPS vector math
library. m

Ray tracing is an ideal test bed for experinenting with new types
of surface properties, optical effects, and the physical behavior
of light and matter. Statistical sanpling of ray paths can
simulate diffuse reflection, roughened surface scattering, area
I'ight sources, motion blur, and depth of field effects.

RADI OSI TY RESEARCH

Radiosity is a mjor new nethod for simul ati ng conpl ex
3-di mensi onal scenes, accounting for subtle effects such as the
di ffusion of bounced light into shadows, blending of the col our of
one object onto its neighbours, and caustics illumnation. This
nmet hod draws upon the physics of thermal heat transfer, and was
first publ i shed by Cndy Goral, fornerly of FPS Software
Engi neeri ng.

The FPS M4/ 60 was instrunental in this research, which requires 8
days of CPU tine for a single scene generation run.

As part of the Cornell Centre for production superconputing, the
FPS M54/ 60 is located in the Conputer Graphics Laboratory and used
for State-of-the-art graphics research as well as other scientific
research.

VWHY 64 BITS ?

The state-of-the-art rendering algorithnms are nearly as conpl ex as
the scenes they render, and techni ques for inproving conputationa

efficiency are still an active research topic. The conplexity of
the scene has a direct effect on the precision requirements of the
rendering al gorithm

It is interesting to note that in nost C conpiler inplenentations,
C prograns conpute floating point operations in 64 bits,
regardl ess of the floating point data types referenced in the
source code. Hence nmany graphics prograns are spending CPU
resources that they may not be fully using.

The perspective projection, coupled with a large nunber of
pol ygons, introduces the requirenent for extended precision to
test visibility.

An additional problem requiring extended precision is t he
cal cul ati on of surface nornals for specular reflections.
Hi ghlights or bright spot reflections from object surfaces are
conputed by a separate term in nost lighting nodels. The
hi ghl i ght values are a function of polygon surface nornmal angle,
light source direction normal, and viewer direction angle. These
three direction vectors are conpared, and the cosine of the
difference angle raised to a high power. The typical formnulation
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is nunerically simlar to

intensity = ( COS (al pha) )**25,
wher e al pha = angul ar difference of surface reflection
direction, and viewer direction.

If there is a nunerical error in the surface normal cal cul ati ons,
the highlights tend to jitter or jump around when ani mat ed.

I n advanced scene rendering, conplex lighting effects such as the
reflections of one object inside another, refraction through
sem -transparent objects, and shadows frommultiple |ight sources
depend even nore strongly on accurate reflection angl es.

CONCLUSI ON

Large ampunts of menory and extended arithnmetic precision are
required to produce inmges where both realismand high scene
conpl exity converge. The areas of perspective depth conparisons,
anti-aliasing, and polynom al evaluation for ray tracing have very
| arge 64-bit conputational requirenents.

The FPS M64 Series of Scientific Conputers are well balanced to
solve these conplex rendering problens and represent powerful
tools for digital scene sinmulation on an affordable scale.

The FPS M64 Series includes office environnent versions, for
connection to workstations either directly or through Ethernet
| ocal area networks.

For further information on topics nmentioned in this paper contact
lan Curington or Tim Allen at Floating Point Systenms UK, Ltd.,
Apex House, London Road, Bracknell Berkshire, RGl2 2TE, (0344)
56921.
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