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AZ5TRACT

ATOMITL systen efficiently produces renlistic photographs of
né=stick or svace-filling molecular models, with coley shoding,
h~:h11rnts, shadows, and transparency. The hidden surface problem
for a scene composed of Intersectiny Spheres and cylirders is solved
on a CDC~7600, which outputs onto magnetic tape the cutlines of the
visible parts of each object. The outlines are then rendered, at

up to 4096 x 4096 resolution, by a Dicomed D-48 color film recorder,
contrellied by a Varian V=75 minicomputer., The Varian corruates the
shading and highlights for each pixel in a fast microcoded loop,
Recent modifications to give shadows and transparency are described.

Two films will be projected &t the session. The first shows the
intercalation of ethidium and adriamycin between the base pairs of
ONA, &= simulated by conformatioral energy minimization., The sccond
shows the structure of the prutein ccet of the tomzio bushy siunt
virus, as determined by X¥-ray crystallography.

HIRDEN SURFACEHE

XILL sstom is dorived foom the A10NS code, writion ot Bell
ne LnuJLnLu‘xvs Ly ren Koowbien snd borinda Cherry (0],
draws =rabed raster p;rtulos of nmolecules. The thilescophy of the
system 1s to scparate the computation-~intensive hidden-surface part
of the task from the 10-intensive rondering of the visible surfaces
on a film :ecordor.

In the Livermore version, (see [2], [3), [4]) the hiddern surface
ca'culation is done on a CDC 7600 computer. The input is a list of
atoms, with their center coordinates and with either a cherical type
or a color and radius, and a list of bonds, if any. The visible
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portion of each atom sphere or bond cylinder is &ivided up into
trapezoid like shapcs bounded above and helow by circular arcs, as
ghown in ficures la, Ib, and lc. The hidden surfeace coroputation can
then be reduced to comparing one of these "trapezoids" with a second,
anc if they overlap, modifying or subdividing the first to rerove the
vart beloncing to the svcond, as shown in figure lb and lc.

Fig. 1 (a) Teitial Fig. 1 (b) Subdivision Fic., 1 (c) Fur-her
subdivision ¢f an atom. caused by intersecting sublivieion ca.sed

atom, by occluding atom.
SEADING
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5EADOWS

Ii ¢ sphere is illuminzted from the side, 25 is the moon by the surn,
cart of the sphere, bounded by an elliptical arc, is self shadowed,
and is rendered dark. The shading on the rest can be agproximated
with the same microcode mentioned above. However, if another sphere
casts a shadow on the first, the shadow would be bounded by a com=
vlicated aleebraic curve of degree four, and would be difficult to

brea% up into trapozeids.

I

Instead of renderinc this cast shadow directly, I have choscn to dim
the whole sphere by the proportion of its area which is shadowed

by other sphercs. To do this, a hidden surface picture is calculated
Zrom the peint of view of the light source., The area of cach sphere
wnich ig visible in this view is divided by the area which could be
visible 1f other spheres were not in the way. The quotient is
ertered on the sohere’s header, and used to multiply all shading
intensities. A similar fraction for the highlight areas is computed
to modify the highlight intensities. Since the highlight arcas are
fairlv small, the hichlichts will turn on and off fairly accurately
as an object moves or rotates irto shadow,

TRANSYARENCY

For transparent molecules, only the extericr surfaces of *he atom
spheres are rendered, not the surfaces which lie inside cther
spheres. This exterior surface reveals the shape of the molecule,
without confusing inner surfaces. The exterior surfaces are rendered
in two passes; one for the forward facing pieces and one f{or the back
facinc pieces, which have cpposite highlichts. Each surface piece

is bounded in part by the sphere's profile, and in part by ellipses.
The ellipses are proiections of the circles where the sphere inter-
sects other sphercs, and are approximated by circular arcs to make
the trepezoids.

s £ ent surfaces”, i

V. = WOUQ Cplcul, 4 ol
is o saront surfaces heccme brighter than the
otwwrs, prov1dlng some de Uth cucs to the viewer, If the sc-ne con-
tains any opeque wolecules, these are rendered in a fourth pass.

Rs discussed in |1), optical printing can be used to Dartzg1ly rzsk
cne rass by the imeges in anciheor., The forward and

trensgarent surfaces are used Lo rasx the craguc suzjhlus, ,1d the

front transparent surfaces are used to mask the other transparent

surfaces. In addition, all passes can be used to mask a,bacquound,
which may be any photograph or movie. This masking gives further
information about the depth ordering of the surfaces. When combined



with rotation, these transparent imaces can explain the relaticnship
between the surfaces of two interacting molecules. Rebert langridee
cresented in the same scssion [6] a complementary method of viewing
such interactions, using a rcal time color vector display.

FILMS

Two movies will be shown at the session. The first concerns the
interaction ¢f DNA with ethidium, a mutagenic DNA stain, and adria-
mycin, a cancer drug.  Both of these molecules interact by inter-
calating, slipping between two base pairs, which have increased their
separation 10 make room for the drug, Figure 2 shows a transparent
N2 melecale, with an cpacue ethidium ion intercalated between its
center two base pairs. The conformation of the DNA was calculated

by the wethod described in [7), The interaction with adriamvein is
described in [B] and [9]

nd Film shows the L“u"*urn of the o temato

2 unt virus, gz determined by x-ray o The
coat 1s made up of 180 chem call) identica

slightly deformed to fit together in three dif{ferent svmmstry eavir-
onrents. Fligure 3 shows 90 of these subunits, as single large
spheres, with different colors indicating the dif’ercnt symaotry
envirenwents., The swall yellow sphercs represcnt a=carbons of parts
of these chains which are invelved in lirnking the suburizs up into

{0

a structire with dodecahedral symmetry. Note the hichlichte an
shadows produced by a light source above the structure.

This work was parfeormed under the auspices of the U.S. Copartment of
Energy by the Lawrence Livermore Naticnal Laboratory, under contract
number W-7405-ENG-48,
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