
Yet Another System For Algorithm AnimationVi
tor ShnayderJanuary 9, 2002Abstra
tAnimating algorithms 
an often be useful for several reasons. I was unable to �ndany modern animation system that fo
used on ease of use over features, and thus builtthis system in an attempt to provide one. It is implemented in Java for portability, anduses ASCII input for programming language independen
e. Sin
e the goal was ease ofuse, the feature set is intentionally fairly primitive.1 Introdu
tionAnimations of algorithms 
an be useful for several di�erent reasons, but it has traditionallybeen diÆ
ult to obtain them. Edu
ation is a very important use|viewing an animation ofwhat the algorithm does 
an sometimes be mu
h more enlightening then reading the 
odealone. Debugging is another use|it is often hard to �nd bugs when an algorithm is dealingwith large amounts of data, and visualizing it 
an often let the programmer see exa
tly whatis going wrong. There are a fairly large number of systems out there for generating 
omplexanimations, so the fo
us in this system was to make something that 
ould be used withonly a few minutes training to produ
e animations of algorithms of no more then moderate
omplexity.The main 
hallenges involved had to do with design, not implementation. In parti
ular,I had to �nd the right balan
e in terms of the number of features to implement, both in theinput language and the User Interfa
e (UI).The rest of the paper is stru
tured as follows: Se
tion 2 des
ribes previous work in thisarea, se
tion 3 des
ribes my approa
h to the problem, se
tion 4 des
ribes the implementa-tion, se
tion 5 presents my results, and se
tion 6 
on
ludes.2 Previous WorkThere has been a large amount of resear
h into animating algorithms over the past twentyyears or so. In this se
tion, I will brie
y des
ribe several systems, ranging from very early1



Figure 1: Sorting Out Sorting
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ones to re
ently developed ones. A lot of the information in this se
tion 
omes from AlejoHausner and David Dobkin's \Introdu
tion to the Animation of Geometri
 Algorithms" [1℄.2.1 Sorting Out SortingSorting Out Sorting[2℄ was a video, made in the early eighties, for tea
hing sorting algo-rithms. The video 
on
ludes with a 
omparison of nine di�erent algorithms (See �gure 1).The video was one of the �rst to illustrate the usefulness of algorithm animations. It alsoshowed the need for general purpose animation systems, be
ause the development of the
ustom animation software needed to produ
e it took several years of e�ort.2.2 BALSA and ZeusBALSA [6℄, developed by Mar
 Brown and Robert Sedgewi
k, was one of the �rst generalpurpose systems developed, and it has had a great deal of in
uen
e on the design of latersystems. It introdu
ed the notion of interesting events|steps in the algorithm that were of
on
ern to the animation. It provided a framework that would 
all renderers at appropriatetimes during the exe
ution of the program. However, the programmer was required to writethe renderers himself to visualize his data, so generating animations still required a lot ofwork.Zeus [7℄ was another system developed by Mar
 Brown that was in many ways similarto BALSA|it was obje
t oriented, and provided several aids for writing renderers. LikeBALSA, it is quite powerful and 
exible, but as a result it still requires a large amount ofe�ort to make animations.2.3 A System For Algorithm AnimationThis system [3℄ [4℄, developed by Jon Bentley and Brian Kernighan, took a di�erent ap-proa
h from the others that are des
ribed here. They used a text based input languageinstead of a fun
tion library to allow manipulation of the animation with text pro
essingtools, and to a
hieve programming language independen
e. It was not very feature ri
h,but was extremely simple and easy to use. However, as it was developed about 15 yearsago, the system is no longer usable in modern environments.2.4 Various Other SystemsIn the nineties, there was a surge of interest in making systems for 
omputational geometry.Most were powerful and supported 
omplex primitives, often in
luding 3D support, butwere fairly diÆ
ult to use, and overkill for simple animations. Some example systems areXYZ Geoben
h [9℄, Geomview [8℄, and GASP [11℄.3



A number of newer systems intended for general purpose algorithm animation were alsodeveloped. These in
lude Tango [10℄, POLKA[5℄ and others. They have feature sets ofvarying 
omplexity, but the majority are implemented as libraries of fun
tion 
alls, andrequire a fair amount of e�ort to use.3 My Approa
hMy main inspiration for this system was Bentley and Kernighan's System For AlgorithmAnimation. I de
ided to aim for the same features vs. ease of use tradeo�|providing onlya limited feature set with the goal of having a novi
e be able to generate useful animationsafter only a few minutes of using the system.For several reasons, I 
hose to use an ASCII input language rather than pa
kage mysystem as a library. First, it means that generating animations only requires putting inappropriate print statements in the algorithm implemenentation, so that any language thathas text output fa
ilities 
an be used. It also allows looking at the animation several timeswithout rerunning the a
tual algorithm|this 
an be useful if the algorithm takes a longtime to exe
ute. Another reason for text input is that it makes the system more 
exiblebe
ause it is possible to pro
ess the animation before it gets viewed. For example, one towrite a prepro
essor that implements more sophisti
ated primitives in terms of the existingones.My goal with this system was to reexamine the relevant design de
isions made in Bentleyand Kernighan's system in light of the developments of the last 15 years, and to providea modern implementation that would support animation of algorithms of up to moderate
omplexity. Some of the issues involved are the availability of 
olor displays, the hugein
reases in the available CPU power and memory, and the possibility using the Internet.4 ImplementationThe main pie
es that had to be 
reated in this system were the language design, the languageparser, and the a
tual UI implementation. I will now dis
uss ea
h in turn.4.1 Language designThe main goal of the language design was to make it easy to learn. Given that goal, Itried to keep everything as simple as possible. I made the language line based|ea
h lineis a separate statement. The statements 
an be divided into 3 general 
ategories|shapede�nitions, a
tions on those shapes, and other mis
ellaneous statements.Shape de�nitions des
ribe a parti
ular shape and spe
ify various options su
h as 
olor,width, �ll mode, et
. Supported shapes in
lude points, lines, re
tangles, 
ir
les, and text.4



Figure 2: A s
reen shot of a 
onvex hull animation.
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Ea
h shape 
an also be given a label that 
an be used to refer to it in later statements.Be
ause the animations are meant to be generated by programs, I used a simple format thatis not very easy to read for humans be
ause all the numeri
 parameters are present withno des
ription. (For example, instead of using width=2 I just use 2). This makes it easierto parse, and is just as easy to generate with a program. There are two ways to spe
ify
olors|mnemoni
 names, or an HTML like format: #RRGGBB, where RR, GG, and BBare the hex values of the red, green, and blue 
omponents of the 
olor. The mnemoni
 namesare loaded by the prepro
essor from a �le named 
olors.txt, whi
h 
ontains mappings of
olor names to the 
orresponding 
olors. The 
olors.txt �le was generated from the rgb.txt�le that was on my system, and has over 600 prede�ned 
olors.A
tion statements in
lude moving shapes, 
hanging their 
olor, and deleting shapes.The general format has the 
ommand name, a label 
orresponding to the shape beingmanipulated, and then 
ommand spe
i�
 parameters, su
h as the new 
olor for 
olor 
hange,the movement o�set for move, et
.There are other statements that 
hange the ba
kground 
olor, 
lear the display entirely,save a snapshot of the 
urrent view to an image �le, and spe
ify when \events" o

ur.The language does not have any intrinsi
 
on
ept of time|the steps are simply pla
edin the order they should be performed, and the animation program 
an pro
ess them atany rate.There were various other features that I 
onsidered putting in but de
ided against inthe end. Some of these in
lude 
ontrol of the order in whi
h overlapping shapes get drawn,sound, and ma
ros and/or 
ustom shape de�nitions. The main reasons for leaving themout were that they are not really ne
essary for basi
 animations, and that they 
ompli
ateboth the language and implementation. Ma
ros 
an still be added with relative ease asa prepro
essing step that would output programs in the 
urrent language. Additionalprimitive shapes 
an be easily added to the a
tual program, or as a prepro
essing �lter that
onverts them into the available primitives.Another interesting issue that 
ame up was the 
hoi
e of 
oordinate system. Severalpossible options were to have the user provide a value range, to automati
ally s
ale theinput values to �t the window, or to use pixel 
oordinates in the shape de�nitions. Thereare no overwhelming arguments for any one of these, but I ended up using pixel 
oordinatesand providing a s
rolling view, so that the data does not have to �t in the window. Thebene�ts of this are that the user 
an very easily tell what 
hanging a parti
ular value willdo without having to keep tra
k of the 
urrent s
ale, and that implementation is easier.Automati
 s
aling, for example, would either require reading through the entire program�rst to get the extreme values, or would have the pi
ture jump dis
on
ertingly wheneverobje
ts outside the 
urrent window were added, 
ausing a 
hange in s
ale.I will now present some sample input �les. The following is the input that generated�gure 3: 6



text 30 150 14 bla
k Parserre
t 15 130 80 160line 80 145 150 145text 165 150 14 bla
k Statere
t 150 130 220 160line 220 145 285 145text 300 150 14 bla
k Graphi
s2Dre
t 285 130 400 160line 343 130 343 90line 400 145 455 145text 315 80 14 bla
k Timerre
t 300 60 380 90line 80 145 150 145text 470 150 14 bla
k S
reenre
t 455 130 530 160This example only illustrates the shape de�nition 
ommands. An example that illustratesthe most other features is:t1: text 50 420 20 bla
k Test Animation!re
t 10 10 400 400 10 gray nofillr1: re
t 25 100 75 300 blue fillr2: re
t 125 100 175 300 blue fillr3: re
t 225 100 275 300 1 blue fillr4: re
t 325 100 375 300 1 #0000FF filleventba
kground gray30
1: 
ir
le 50 75 20 20 green fill
2: 
ir
le 150 75 20 20 green fill
3: 
ir
le 250 75 20 20 1 #00FF00 fill
4: 
ir
le 350 75 20 20 1 green fillevent
hange_
olor 
1 DarkOrange
hange_
olor 
2 #FF7000
hange_
olor 
3 DarkOrange
hange_
olor 
4 DarkOrangeeventmove r1 0 20move r2 0 20move r3 0 20move r4 0 20 7



eventsnapshot snap.jpgmove r1 0 -20move r2 0 -20move r3 0 -20move r4 0 -20eventdelete r3delete 
3This example illustrates almost all the features of the language, and yet is only about 30lines long. This is a good indi
ation that the system is indeed easy to learn.See the atta
hed language referen
e for the exa
t syntax of the language.

Figure 3: High level stru
ture of the system.4.2 Parser and User Interfa
e ImplementationFor the a
tual implementation, I de
ided to use Java for portability reasons and be
auseit has built in UI support. It turned out that the supported primitives mapped extremelywell onto the Graphi
s2D library, so there were very few problems in terms of the a
tualanimation 
ode. I simply 
reate a Colle
tion that 
ontains all the 
urrently a
tive shapesand display them as ne
essary. In that respe
t, this entire proje
t 
an almost be seen asputting a simplifying layer on top of the Graphi
s2D API. For this reason, adding otherfeatures that are supported by the API is fairly trivial in terms of an implementationstandpoint, so expansion is 
ertainly possible. However, the problem with Graphi
s2D is8



that it is overkill for simple animations, so I 
hose to expose only a small part of the APIfor now.To perform animation, a timer 
alls an update fun
tion several times per se
ond. Thisfun
tion updates the state of the animation to in
lude the next step or event, and updatesthe display by drawing all the shapes in an arbitrary order. The speed of the timer 
an beadjusted by using a slider (See Figure 2 for a s
reenshot).The other main part of the implementation is the parser. I initially started out writingthis in Java as well, but soon found that while it was 
ertainly possible, it was not veryeasy, espe
ially sin
e at this point I was still in the pro
ess of making frequent 
hanges tothe language. To make it easier to experiment with the language design, I introdu
ed anIntermediate Representation (IR) that was mu
h more rigid and thus mu
h easier to parse,and wrote a small (about 300 lines) Perl program to 
onvert the a
tual language to the IR.This has the problem of hurting the portability of the program somewhat, but sin
e Perl isvery portable itself, I did not see it as being too mu
h of a problem. Now that the languagedesign is fairly stable, it is also possible to write the 
onverter as a wrapper around theJava InputStream 
lass. If my system is a
tually used and the Perl prepro
essor be
omesa problem, I will implement the Java version. It will also be ne
essary to 
hange the parserif I were to 
onvert the system into an applet for use on the web. However, sin
e there areis a fairly signi�
ant number of other issues that would have to be resolved to do that, it isunlikely that it will be done unless there is signi�
ant interest from users. Therefore, I haveleft it as is for now be
ause it makes it mu
h easier to make adjustments to the language.5 ResultsThis se
tion dis
usses the results of my proje
t. These 
an be generally partitioned intoperforman
e measurements as well as general usefulness 
on
lusions.5.1 Performan
eThe following tests were all performed on a 1 Ghz AMD Athlon system, with 256MB ofSDRAM running Mandrake Linux 8.0, and using the Java SDK version 1.4.0-beta3 and Perl5.6.0.Unlike some appli
ations, this system does not need to be extremely fast be
ause itsoutput is meant to be viewed in real time by humans, so if all the pro
essing is donebetween frames, no further improvement 
an be seen. To test performan
e, I made two inputgenerators: one generates random points, and the other generates random shapes. Ea
h alsohas an option to add events after every N primitives. These tests are fairly representative ofgeneral animations that might be used, be
ause the lo
ations of the primitives do not a�e
tthe performan
e in any way, so randomized positioning should have similar performan
e toan animation generated by an algorithm. 9



Number of Event Spa
ingPoints 10 50 100 500 1000100 1 1 1 1 11000 8 2 1 1 12000 20 5 3 2 110000 367 68 39 10 6Table 1: Random points: table entries are time(s) to run the animation.Number of Event Spa
ingShapes 10 50 100100 1 1 11000 30 7 42000 110 23 12Table 2: Random shapes: table entries are time(s) to run the animation.The data I got is summarized in Tables 1 and 2. The system was set to event mode andthe nominal frame rate was set to 15. The frame rate is nominal, not a
tual, be
ause as thenumber of obje
ts in
reases, the time to display ea
h frame starts to ex
eed the nominalper-frame time, and the animation slows down. This e�e
t is 
learly seen in the largein
rease in time from the 2000 point to the 10000 point test, and from the 1000 to the 2000shape test. The e�e
t is also 
learly visible when viewing the animation|as the numberof obje
ts to be displayed grows to beyond a thousand or so, the animation noti
ibly slowsdown.Looking at the data in the other dire
tion|in
reasing the distan
e between events ratherthan the number of points, we 
an 
on
lude that the time to a
tually read in the data andupdate the internal data stru
tures is negligible 
ompared to the drawing time. While it isnot shown in the above data, this is also true of the a
tion 
ommands su
h as 
olor 
hange,move, et
. When the number of obje
ts is small, everything �nishes in less then the per-frame time, and as the number of obje
ts in
reases, the drawing time dominates all otherfa
tors.Another thing to noti
e is that displaying random shapes is slower then displaying pointsby a fa
tor of 3 or so. This is not surprising, and should not 
ause problems be
ause sin
egeneral shapes take up more spa
e in the view, whi
h makes it unlikely that there will beas many displayed at a time.Unfortunately, I have not been able to think of any way to seriously improve the perfor-man
e without major 
hanges. Fortunately, at least on the test ma
hine, the performan
e10



is already quite suÆ
ient for the types of animations for whi
h the system was intended, asvisualizing algorithms that operate on many more then 1000 shapes at on
e will likely bequite diÆ
ult given the minimal feature set.5.2 UsabilityGiven adequate performan
e, it remains to examine whether the system a
hieves the originalgoals of being useful and easy to use. This is mu
h harder to measure quantitavely, but Iwill attempt to argue 
onvin
ingly that it has.First, ease of use. The language 
urrently has only 12 statements: 5 primitive de�nitions,5 a
tion 
ommands, and 2 mis
ellaneous 
ommands. The syntax for all of them is verysimple, so it seems fair to say that even a 
omplete novi
e to programming 
ould learn touse the system in less then an hour.Next, usefulness. This is quite hard to measure, but I believe that a reasonable way isto examine some possible algorithms and see whether they 
an be animated naturally usingthe system. Here is an in
omplete list of algorithms and/or 
ategories of algorithms that Ibelive 
an be easily animated:� Sorting Algorithms� Bin Pa
king� Memory Allo
ation� Hash Tables� Simple Graph Algorithms = MST, shortest path, et
.� Convex Hull� Voronoi Diagrams� Text Pro
essing Algorithms (substring, et
.)� Any other algorithm that does not require 
omplex primitives or large data setsAlgorithms that this system is not well suited for in
lude:� 3D algorithms� Anything that requires 
omplex 
urves� Any algorithm (even one of the above), when trying to visualize large amounts of data11



Note that a
tually animating some of these algorithms still requires a lot of algorithmspe
i�
 work to de
ide exa
tly how to visualize and lay out the appropriate 
omponents.There is not really mu
h that a general purpose system 
an do to help that, and it wasnot one of my goals to try. Having said that, the text based nature of the input languageallows others to write prepro
essors to make a spe
i�
 task easier. An example that onepotential user mentioned was a tool to automati
ally layout graphs. While this is 
ertainlynot something that my system does, if someone wrote a program to do the layout, andoutput a des
ription of the graph as a sequen
e of point, line, and text statements, mysystem 
ould be used without any modi�
ation to display it.5.3 Possible Future WorkThe system as it stands is fun
tional and useful, but there are some more features that
ould be useful to have. I have not implemented them in the �rst version be
ause none ofthem are essensial for basi
 fun
tionality, they would make the language de�nition more
omplex, and in some 
ases would also make implementation harder. That being said, hereare some possibilities for future enhan
ements:� Allow di�erent line, �ll styles for the existing primitives.� Implement more primitives, su
h as polygons, bezier 
urves, et
.� Add the 
apability to do smooth transformations.� Add more transforms|rotate, s
ale, shear, morph, et
.� Allow the user to have several 
on
urrent views, and improve the UI to naturallysupport them.� Rewrite the parser in Java.� Make an applet and make it available online.I plan to implement some of these in the near future be
ause I want them for my own use.The rest may be added if there are requests from other users.6 Con
lusionThis paper presented Yet Another System For Algorithm Animation. The main featuresof the system are extreme simpli
ity and ease of use, and text based input. The Javabased inplementation was des
ribed and analyzed, with the 
on
lusion that the system'sfeature set is 
exible enough to animate a fairly wide variety of algorithms, and that theperforman
e is good enough that it 
auses no problems for moderately small data sets.12
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