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ABSTRACT 

The ATOMLLL systtn. efficiently produces realistic photographs of 
ball-fi.id-s'.icX or space-filling molecular models, with color shading, 
highlights, shadows, and transparency. The hidden surface problem 
for a scene composed of intersecting spheres and cylinders is solved 
on a CDC-7600, which outputs onto magnetic tape the outlines 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 filrr. recorder, 
controlled by a Varian V-75 minicomputer. The Varian. ccjr.rutos the 
shading and highlights for each pixel in a fast inicracoded loop. 
Recent modifications to give shadows and transparency are described. 

Two films will be projected at the session. The first shows the 
intercalation of ethidium and adriamycin betvoen the base pairs of 
ON'A, as simulated by conformational energy minimisation, "he second 
shows the Structure of the protein coot of the tcmato bushy stunt 
virus, as determined by X-ray crystallography. 

HIDDEN SL7.FACK£ 

Thi Ai.::•'.!,LL s,5i-::r, is derived -"roif, ihe A'.i::-:s code, written ,-.t Bell 
Telephone Laboratories by Tin K:,.-v„-l ion, .-nd L'-rlwiri Cm-rry [}], and 
dr?.v.-s shaded raster pictures Of molecules. The philosophy of the 
system is to separate the computation-intensive hidden-surface part 
of the task from the 10-intensivo rendering of the visible surfaces 
on a fi l,ii .-c-cordc-r. 

In the Live-more version, (see [2], [3], [4]) the hidden surface 
calculation is done on a CDC 7600 computer. The input is a list of 
atoms, with their center coordinates and with either a cher.ical type 
or a color and radius, and a list of bonds, if any. The visible 
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portion of each a tor. sphere or bond cylinder is divided up into 
trapezoid like shapes bounded above and below by circular arcs, as 
shown in figures la, lb, and 1c. The hidden surface corputation car. 
then be reduced to comparing one of these "trapezoids" with a second, 
and if they overlap, modifying or subdividing the first to ren.ove the 
part belonging to the second, as shown in ficure lb and lc. 

Fig. 1 (a) Initial Fig. 1 (b) Subdivision Fig. 1 (c) Fur-hfc: 
subdivision of an atom, caused by intersecting subdivision ca„?ec 

atom. bv occluding atorr.. 

SHADING 

When all such modifications are completed, the list c: visible trap­
ezoids for a sphere is copied to ragnc-tic iapc, with s hinder giving 
the center, color, radius, and highlight location. This tape is iiad 
by a Varian V-75 niir.iocnputer, which controls a Di corned D-48 color 
fil:n recorder. Tach trapezoid is rendered in raster node along ver­
tical scan lines. The intensities on a scan line are generated by a 
(.quadratic poly v.mial, which is ca'culal'jd in a f̂.-n ;<.'.c: .• •::.':• ".••-:.! 
ac 1.35 ...= per point, courted with an ap;. epriiiieiy V-a-ii-d I'-o'or 
look-'.-? table [see [3] ror details.) The Pi ::•:.:•. or. has a .-.-•" ::p.: :•:•:• 
controlled color filter wheel with se~ve:i colors, and all the a'o.r.s 
of one color are rendered before the wheel is turned. After all 
colors are filled, the circular or elliptically shaped highlights are 
hdced through a clear filter, us^ng the FI-P i-i c recede- hut a differ­
ent look-.ID table. 



SHADOWS 

If a sphere is illuminated from the side, as is the noon by the sun, 
part of the sphere, bounded by an elliptical arc, is self shadowed, 
and is rendered dark. The shading on the rost can be approximated 
with the same microcode mentioned above. However, if another sphere 
casts a shadow on the first, the shadow would be bounded by a com­
plicated algebraic curve of degree four, and would be difficult to 
break up into trapezoids. 

Instead of rendering this cast shadow directly, I have chosen to dim 
the whole sphere by the proportion of its area which is shadowed 
by other spheres. To do this, a hidden surface picture is calculated 
fro in the point of view of the light source. The area of each sphere 
which is visible in this view is divided by the area which could be 
visible if other spheres were not in the way. The quotient is 
entered on the sphere's header, and used to multiply all shading 
intensities. A similar fraction for the highlight arc-as is computed 
to modify the highlight intensities. Since the highlight areas are 
fairly small, the highlights will turn On and off fairly accurately 
as an object mcves or rotates into shadow. 

TRANSPARENCY 

For transparent molecules, only the exterior surfaces of the ators 
spheres are rendered, not the surfaces which lie inside other 
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 for the back 
facing pieces, which have opposite highlights. Each surface piece 
is bounced in part by the sphere's profile, and in part by ellipses. 
The ellipses are projections of the circles where the sphere inter­
sects other spheres, and are approximated by circular arcs to make 
the trapezoids. 

A ^hird pass records the "front trr.rsparc-nt surfaces", which would be 
visible ever: if the transparent .rurfi^es v.cre opaque, vrhen this pass 
is r.r.dod, these front transparent surfaces b'-ccme brighter than the 
others, providing some depth cues to the viewer. If the sc-ne con­
tains any opaque molecules, these are rendered in a fourth pass. 

As discussed in [-.), optical printing can be used to partially rr.ssk 
one pass by the i::.aycs in another. The forward and :v-ar facing 
transparent surfaces are used to r.ask the opaque surfaces, and the 
front transparent surfaces are used to rr.ask the other transparent 
surfaces. In addition, all passes can be used to mask a background, 
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 images can explain the relationship 
between the surfaces of two interacting molecules. Robert I.angridge 
presented in the r.arec session [6] a ccir.plcr.entary net hod of viewing 
such interactions, using a real time color vector display. 

FILMS 

Two movies will be shown at the session. The first concerns the 
interaction of DNA with ethidium, a mutagenic DNA stain, and adria-
mycin, a cancer drug. Both of these molecules internet by inter­
calating, slipping between two base pairs, which have increased their 
separation io make room for the drug. Figure 2 shows a transparent 
DNA mol'.'-cule, with an opaque ethidium ion intercalated between its 
center two base pairs. The conformation of the D\TA was calculated 
by the ;:•<•• thod described in [7], The interaction with ndri amyciri is 
described in [8] and 19]. 

The second film shows the structure of the protein coat of the tomato 
bushy stunt virus, as detorr.ined by >:-ray crystnllo.jra.phy iiO] . The 
coat is ~ade up of 180 chemically identical suaunits, which are 
slightly deformed to fit together in three different syitnetry envir­
onments. Figure 3 shows 90 of these subunits, as single large 
spheres, with different colors indicating the different symmetry 
environments. The s'̂ all yellow spheres represent .-i-cnrbons of parts 
of these chains which are involved in linking the subur.its up into 
a structure with dodecahedral symmetry, liote the highlights and 
shadows produced by a light source above the structure. 
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