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BEGIN {

lpicx = 2; rpicx = 0
leyex = .44; reyex = l-leyex
gs = 3.8
planez = -.5
eyey = .5; eyez = -1
OFs = "\t"
}
$1 == "line" {

ax = $2; ay = $3; az = $4
bx = $5; bby = $6; bz $7
sfa = gs * (planez-eyez) / (az-eyez)
sfb = gs * (planez-eyez) / (bz-eyez)
print "line", lpicx + sfa*{ax-leyex), sfa*(ay-eyey),
lpicx + sfb* (bx-leyex), sfb* (bby-eyey)
print "line", rpicx + sfa*(ax-reyex), sfa*(ay-eyey),
rpicx + sfb* (bx-reyex), sfb*(bby-eyey)

print "click stereo"”
next

}

$1 == "text" {

tx = $2; ty = $3; tz = $4
sf = gs * (planez-eyez) / (tz-eyez)
print "text", lpicx + sf*(tx-leyex), sf*(ty-eyey), $5
print "text", rpicx + sf*(tx-reyex), sf*(ty-eyey), $5
print "click stereo”
next

}

{ print }

i

Program 5: A simple stereo program.

unchanged. The transformation for mapping a 3-d point into two 2-d
views assumes that all input is in the unit cube. Note that the two
images for left and right eyes are implemented as a single view in the
resulting script file.

Program 5 is for educational purposes only. The complete stereo
program is implemented in 150 lines of awk. It supports a more
complete 3-d script language: 1ines and text may have labels (and
subsequently be erased), a frame statement draws the 3-d bound-
ing box of the region, and view, click, clear, and comments are
supported as well. The larger program provides better error check-
ing, and no longer assumes that the input is contained in the unit cube
(the first pass of the now two-pass program scales the input). A
command-line option allows the stereograms to be viewed either by
crossing one’s eyes or by using a stereo viewer.

Our first application of 3-d stereo movies was frivolous: we
watched equal-mass bodies moving through 3-space under
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Newtonian attraction (Bentley & Kernighan [1987B] presents a 2-d
version). Our first serious application was for a biophysicist col-
league who was studying the structure of a molecule with a few hun-
dred atoms. The molecular graphics systems available to her did not
support the operations she desired, so we made our own versions
with a few simple programs. For instance, a 35-line awk program
rotated its input by an angle given on the command line, and an 8-
line shell script called the rotation program to spin the molecule. We
have also used the complete stereo program to debug 3-d geometric
algorithms.

A Survey of Applications.

ANIM provides only a few geometric primitives: lines, boxes, cir-
cles and text. Nevertheless, they appear to be sufficient for making a
variety of interesting movies.

Set algorithms provide an interesting domain for algorithm ani-
mation; we saw several sorting algorithms earlier. Bentley & Ker-
nighan [1987B] contains animations of binary search trees and heaps,
along with hints on how to lay out trees.

Figure 12 shows a randomly generated parse tree. It was pro-
duced by Program 6, which reads a grammar with productions
including these:

Sentence —> Nounphrase Verbphrase

Verbphrase -> Verb Modlist Adverb
Modlist —> very Modlist

Program 6 is a slightly modified version of a program in Section 5.1
of Aho, et al. [1988]. The animation represents each node in the tree
by a bullet, left-justified text, and a line to its parent. As with more
general graph algorithms, the hard part of drawing a tree is placing
the nodes. In this case, the y-value of a node is its depth in the tree
and the x-value is the index of a terminal node in the sentence or the
minimum of x-values among a non-terminal’s descendants. An
animated recursive descent parser for arithmetic expressions requires
about 100 lines of awk. One user reports that he uses ANIM to show
lambda calculus expressions in parse-tree form.

We’ll now consider the domain of graph algorithms. Figure 13
shows the operation of Christofides’ heuristic [1976] for constructing
approximate traveling salesman tours. The left panel shows the
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func gen(sym, depth, i, j, origx) |
origx = globalx
print "text", origx, -depth, "bullet"

print "text ljust", origx, -depth, "\" " sym "\""
if (sym in lhsct) (
i = int (lhsct[sym] * rand()) + 1
for (j = 1; j <= rhsctsym, 1i]; Jj++) |
print "line", origx, -depth, globalx, -(depth+l)

gen (rhslist([sym, i, 3], depth+l)
}

} else
globalx++
}
{ if (NR == 1) start = $§1
i = ++lhsct[$1]
rhsct[$1, i] = NF-2
for (j = 3; j <= NF; j++)
rhslist[$1, i, 3-21 = §3
)
END { globalx = 0; srand(); gen(start, 0) }

Program 6: A random sentence generation program.

Nounphrase erbphrase

Modlist Adverb

runs l very slowly

Figure 12: A parse tree for a sentence.

minimum spanning tree of a point set, the center panel shows an
(approximate) matching of the odd-degree vertices in the tree, and the
right panel shows the (approximate) tour constructed by an Eulerian
traversal through the sum of the two previous graphs. Given a good
geometric placement of the vertices, it is easy to animate many graph
algorithms (though finding good layouts for nongeometric graphs can
be difficult — see, for instance, Gansner, et al. [1988] and the refer-
ences therein). Bentley & Kernighan [1987B] contains a detailed
animation of Dijkstra’s implementation of Prim’s minimum spanning
tree algorithm.
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Figure 13: Christofides” TSP heuristic.

ANIM has found applications in numerical analysis tasks includ-
ing the display of two-variable functions and adaptive meshes chang-
ing over time. The stars moving under Newtonian attraction in Bent-
ley & Kernighan [1987B] can be viewed as solving simultaneous dif-
ferential equations. One user writes:

I have used ANIM for debugging a recursive algorithm that
was part of my master’s thesis. I had constructed some
algorithms for reordering elimination trees (used for doing
parallel Cholesky decomposition on sparse matrices). My
algorithms were recursive and worked on large data sets,
which made it difficult to use standard debugging tools.
Instead I animated the tree for each reordering step and
was able to step through the program and see when it was
doing something wrong. Once the program was working,
animation also made it possible for me to show how a fas-
ter algorithm was producing a poorer result.

Computational geometry is a natural domain for algorithm ani-
mation. Users have animated geometric programs for tasks such as
triangulating simple polygons, finding intersections in sets of line
segments, and computing the maxima and convex hulls of point sets.
Bentley [1990] describes a 6000-line C++ program for performing
experiments on geometric algorithms (including nearest neighbor
searching, minimum spanning trees, and a wide variety of traveling
salesman heuristics); about 200 lines of animation code proved
indispensable for debugging the programs and experimenting with
options in the heuristics.
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Several users of ANIM have animated parallel algorithms, ranging
from communication networks to tightly coupled systems to neural
networks. Another user writes:

I used ANIM with a simulator for a highly-parallel func-
tional machine, specifically when debugging and trying to
understand the subtleties of the interprocessor communica-
tion. The simulator spit out ANIM scripts, so that I could
watch packets move around on a stick diagram of the
machine architecture. When a deadlock occurred, I would
single-step the last few packets to see what hole I’d gotten
myself into; this was far better than the previous method,
which amounted to reconstructing this information on a
sheet of paper by hand.

Bentley & Kernighan [1987B] contains a program to animate the
malloc storage allocator, and a picture it produced. Several users
have found bugs in their use of the storage allocator by examining the
progress of movies.

An easy way to learn any new system is to play games with it.
Towers of Hanoi and Conway’s Game of Life are popular victims for
animation — each task requires about 30 lines of awk.

Dynamic graphical displays are frequently used by statisticians
[Cleveland 1988]; they go far beyond the simple histogram in Figure
1. Clark and Pregibon [1990A] have used ANIM to provide an anima-
tion facility in the S system [Becker, et al. 1988], essentially using
the S language instead of awk as the script generator. They have
used the facility to implement prototypes of a wide variety of
dynamic statistical graphics [Clark & Pregibon 1990B], including
point cloud rotation, scatterplot linking, scrolling time series, and
time series maps. An example of an animated time series, Rick
Becker’s movie of air pollution transport in the Northeastern United
States, appears in Bentley & Kernighan [1987B].

Supporting Programs.
ANIM provides the bare bones of an animation environment. In
the spirit of UNIX, we have enhanced the environment not by modi-

fying the primary programs, but rather by using small filters to mani-
pulate input and output files. We have already mentioned a program
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for merging several animations into a race, and the stereo program
and programs for rotation and spinning for 3-d animations.

Bentley & Kernighan [1987B] describes several other supporting
programs. The view.clicks program summarizes the views and
clicks in a script file. The show.clicks program creates a new
script file with a new view in which all clicks are counted. Another
program processes lines in the script file of the form

#var name value

The output script file has a new view named variables; it con-
tains the name of each variable mentioned and its current value.

ANIM does not have a facility for counting clicks; rather, we use a
command like

grep ’‘click comps’ | wc

to see how many comparisons were made. We will even admit to
using text editors to make minor changes to both script and inter-
mediate files in times of need.

S. Conclusions

We believe that ANIM demonstrates that there is a role for an anima-
tion system that trades quality of output for ease and simplicity of
use. ANIM has been used for a variety of applications, some
significantly outside the algorithm animation area that was the origi-
nal target, and it has been used by many people besides its authors.

There are a few features of ANIM that have proven especially use-
ful, so much so that we feel they ought to be available in any anima-
tion system.

Independent views provide a way to see the same thing from
several perspectives at the same time, or to see different things con-
currently.

The use of named objects, and the implicit erasure of an object by
re-drawing something with the same name, makes many kinds of ani-
mation trivial; merely drawing an object at a sequence of positions
causes animation to happen ‘‘for free.”’

Movies are nice, but stills are much easier to distribute widely;
the st111ls language has been heavily used to capture and present
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relevant frames from movies in situations where the movie itself can-
not be shown.

There are some obvious places where ANIM could be improved
without compromising the fundamental goal of ease of use. It would
be desirable to add more options, especially color and shading. A
few more primitive geometric objects would be desirable; for exam-
ple, ellipses could be added at essentially no cost. We have also had
some requests for composite objects that could be drawn and erased
as aunit. The stills language needs more ability to control lay-
out; Sedgewick [1988] shows the kind of elaborate layout that is pos-
sible. Some applications call for a more sophisticated view of time
and motion, such as *‘slide this collection of objects smoothly from
here at this time to there at that time.”’

In conclusion, we believe that a simple animation system is use-
ful for teaching, research, and, perhaps least obvious, just plain pro-
gramming. Such a system need not be elaborate, nor does it need to
produce superb output. Ease of use and wide availability are much
more important.
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