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Abstract 

We present the first results ofyet another system that allows the end-user to graphically visu­
alize and anímate a program. \Ve emphasize the differences between our approach and previous 
works on the topic. This system can be seen as a preprocessor that automatically annotates a e 
program with graphical function calls, and embeds the program in a special environment. The 
system is implemented in e and uses the X-Windows environment, making it highly portable. It 
can be used for severa! purposes, including debugging, teaching, understanding, and exploring 
algorithms and data structures. 

1 Introduction 

Visualization of a dynamic process makes facilitates understanding. and has a bearing on research 
and teaching. Interest in this topic is growing rapidly as can be seen in many special issues or 
articles in important journals: IEEE Computer (Aug, 1985, on Visual Compuling; May 88, on 
Algorithm Animalion; Aug, 1989, on Scientific VisualizaUon; and Oct, 1989. on Visualization in 
Computing), IEEE Trans. on Software Engineering (Oct, 1990, on Visual Progmmming), and 
Communications of the ACM (Feb, 88. on Visualizing Scientific Data). Speciíic conferences 
and journals have also appeared: Journal of Visual Languages and Computing (published 
by Addison-Wesley ), and IEEE Workshop on Visual Languages. 

We are interested on graphically simulating a program in execution. Although there are sorne 
systems that perform this task, we have taken a somewhat different approach. We have used the 
best features of known systems and combined them with some new ideas. It is difficult to describe 
all concepts involved in the resulting system, and in this paper we only stress the main aspects of 
it. 

Program visualization has been used in many different contexts. Among them we can men­
tion teaching [BMD83. NVII8G], debugging [LSV+89, IS087, llfye81], concurrent programming 

•This work was supported by grant 91-0868 o[ CONICYT. 

-409-



[LSV+89], algorithm design [Bro88b, BK87], software development [BCH+ss], and performance 
evaluation [PN8L Lsv+s9]. 

For now, we will cal! our system NN (a better name will be provided in the future). The main 
characteristics of NN are: 

~ Given a C program, NN automatically introduces function calls in the program, embedding 
it in a graphical simulation environment. 

0 The user-interface is built on top of X-Windows and provides severa! windows for different 
views of the program, including the code itself, the current active function, the tree of function 
calls, and the data structures. 

e For visualizing data, a fixed set of possible views are provided, including a debugging mode 
and a small number of visual modes, depending on the data types. 

The main feature is that an end-user does not need to know any detail about how to anímate a 
program. This allows the system to be used for teaching, where a student can debug, understand, 
and explore a program without any special knowledge. On the other hand, the visualization will 
not be as clase to the program behavior as in other systems, and the simulation may not reilect 
sorne semantic aspects. At this point is necessary to clarify that NN is not AL In fact, NN does not 
understand what the program does. It only analyzes every data action, following a set of simple 
rules to generate the gtaphical code. 

The organization of the paper is as follows : Section 2 describes related work; Section 3 provides 
an overview of NN and its user interface; Section 4 describes the system architecture; Sections 5 
and 6 present the different visual modes of the system; the last section presents its current and 
future development. 

2 Related Work 

Severa! graphical program simulation tools ha ve been developed/ All of them attach hookpo.ints to 
the program. These hookpoints can be code intrusive (CI) or data intrusive (DI) [IIWF90], and 
are generated manually (M) or automatically (A). Code intrusive hookpoints are special function 
calls inserted in the original program code. Data intrusive hookpoints are used in object oriented 
languages by subclassing existing object classes and providing new methods which will drive the 
animation. We use the abo ve concepts to classify severa! systems. For example, NN is a CI·A 1 

system. 
Perhaps the best known system is BALSA (from Drown University) [J\'IR84, DS85], and its 

successor, BALSA-Il [Bro88a, Bro88b]. While BALSA is incredibly powerful, it is not trivial to 
defme a new visualization, and the hookpoints must be included manually. In fact, BALSA-U is a 
CI-M type system. The learning effort for either system is initially higher than for other systems 
[Bro88b]. BALSA has been used extensively, with a high leve[ of success, for teaching algorithms 
in a laboratory where the students can see a visualization developed by the instructor [DS84]. 

Another interesting system was developed at Tektronix for Smalltalk programs [LD85, Dui8G, 
Dui87]. One ofits advantages is that the animation code is embedded in lhe data by using subclasses 

1 Any association is an unavoidable and unfortunale coincidence. 
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of tl:e program classes. Thus, this is a DI-l\1 system. The rnain drawbacks are that updatin~ 
multiple views is don'" in a sequential way, which does not allow composite views. Furthermore, 
sorne kind of iuteraftions are not possible. 

Incense is another systern (Mye81] which permits visualization of data structures interactiv<"ly. 
Its rnain goals are debugging, tracing and prograrn documentation. Tango [Sta90] ís a recent system 
similar to BALSA which is based in a special framework. This system requires manual annotation. 
and a new visuaüzation can be designed in, at most, a few days. Other systems [IIIIR89. Reii33] 
are described and compared in [Sta90, Bro88a]. 

The University of vVashington lllustrating Compiler (U\\'PI) is the closest to the systen1 pre­
sented here. In [HWF90] the term "program illustration" is u sed instead of "program visualization ., . 
U\VPI is another CI-A system, and supports a subset of Pascal that is similar to RATFOR. It Joes 
not support types, records, or pointers. Also, UWPI is not an interactive system. 

3 System Overview 

The main goals behind the use of NN are: 

& Understanding: the user comprehends fa.ster what the program does. Thus, it is easier t.l 

teach data structures and algorithms, either in a speciallab or by personal assignments. 

0 Debugging: "one picture is worth a thousand words''. Looking at a bug visuall1·. it 1s 

easier to see where <tnd why it happened. For example, one can readily find a null pointer or 
recognize an array index out of range. In a traditional unix environment these kind of run 
time errors give awkward messages such as "segmentation violation '', "bus error", etc. 

e Exploring: visual animation of an algorithm allows to one ga.in insight into how it performs. 
This encourages improvements in known algorithrns. 

The NN users interface tries to fulfill the above goals. The system i ncl u des the following views 
of the program, each of them in a window: 

l. Current activated function, showingits name, arguments, and local variables. An example 
is shown in Figure l. The top bar shows the current iine number. 

2. Current tree of program calls (see Figure 1). The current function is shown as a black 
node. The arguments given to each called function can be obta.ined by pointing to the 
associated node. 

3. Program code. Figure 2 shows the Quicksort algorithm used in al! our examples ( taken 
from [GR91)). The current line is shown in inverse video. 

4. Data views. Complex data structures, such a.s arrays and linked structures, are shown, each 
in a separate window. Their functionaüty depends on the data type (to be explained later). 

Al! views support scrolling, resizing, and other typicalwindow operations. 
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Figure 1: System interface. 

sort< r; lo, up J 
int rCJ; 
int lo, up; 

{!nt 1, j, tempr: 
while < up>lo l ( 

i = lo; 
J = up; 
tempr = rCloJ; 
/*** 5pllt file in two K**/ 
whlle ( 1<J J { 

for ( ; rC,iJ ~ j-- J; 
tmjM*4D!DitllalU:'fC#IItd4#Ju!.JW 
r[jJ = r[iJ; 
J 

r[iJ = tempr; 
/»KM 5ort recurs!vel~. the smallest first K*K/ 
if ( i-lo < up-i ) { sort(r.lo.i-1); lo= i+1; 

else { sort(r.i+LupJ; up = 1-1; J 

Figure 2: Example code: Quicksort 

The interface allows the user to: 
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• set a coic -¡,.,,., L' ·lr discrete animation of the program. Every discrPte step is defined as a 
visual event. 

• cliange view parameters, such as the speed of a continuous animation, the size of graphicaJ 
elements, etc. 

4 System Architecture 

The system has two differeni components: the _generator of animatíon code and the graphical 
library. The gen··~ator is run between the standard e pr~processor and the C compiler. The 
annotated program is compiled and linked with the special animation library. Ouly the library is 
dependent of the windowing system, which is X- \Vindows (SGN88]. The complet~ process is >hown 
in Figure 3. 

rl Pre~ocessor 
11~ 

e 

Generator of 

Animatíon code 

Program 

Graphic 

Library 

Window system dependent 

Figure 3: Encapsulation Process. 

e 
Compiler 

Animated 

Executable 

The current versíon of the code generator assumes "good programming style". For example, 
it does not support a goto from outside to inside a loop. Because static binding does not follow 
all possible variable references in a program, the preprocessor creates a dynamic table where the 
variable addresses are stored. This table ís used at run time to determine to which and where the 
graphical event should be associated. The generator supports the full C language, although the 
quality of the generated code is inversely proportional to the program complexity. 

The basic events detected by the generator are assignation, comparisons, indexing, and function 
calls. The generator is built using the standard tools for compilers available in Unix. 

The second component is the graphical library, which is the interface between the animation 
code and the windowing system. The library is implemented using Xlib (SGN88] and the Xt toolkit 
(You89). Sorne of the capabilities of this library are detailed in the following sections. 
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5 Debugging Mode 

One of the main data views is the debugging mode. In this mode the user sees every detail of 
the data. An example, running the partitioning step of Quicksort, is shown in Figure 4. In this 
example the position o( severa! índices in the array are shown. An index out of range is shown to 
the left or to the right of the array, depending on its value. A comparison is shown by a double 
border and a connecting arrow. If every element of the array is a record, the first element of it 
is shown. Hc;>Wever, the user may change this at run time. The other values can be obtained by 
pointing at each cell. 

1RJ quick 

1 1 

¡, 1 6 1 u 1 u 1 14 1 73 1 43 1 ~ 1 15 1 ~ 1 ~ 1 51 1 ~ 1 ~ 1 ~ 1 ~ 1 51 1 ~ 1 ~ 1 ~ 1 1 

t~ = 74 ~ 1!i' tr -@- 1 

,¡ 

Figure 4: Debugging mode. 

It is possible to mix the debugging mode with gray levels. This is shown in Figure 5. 

Figure 5: Mixed mode. 

-414-



6 Visual Mode 

Once the program appears to be correct, we need a high level view of its behavior. fhis allows 
better understanding of it. An example is shown in Figure 6, which shows the rela.tive sizes of the 
elements and not their absolute values. We can cl~arly follow how the sorting is done, and we can 
have a larger number of elements visible in the window. Currently, two visual modes for arrays are 
supported. The second one is shown in Figure 7. 
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Figure 6: Visual mode. 
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Figure 7: Another visual mode. 
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7 Future Work 

Ongoíng work on this system íncludes dra.wing of dyna.mic structures such as linked lists, trees, a.nd 
gra.phs. A ta.ste of this is given in Figure 8. On the gra.phíca.l si de, we wa.nt to increase the number 
of a.va.ila.ble víews. This will in elude color support, better gra.phíca.l design a.nd other improvements. 

u_l1 n1 

c_l1 

n2 

Figure 8: Handling lists. 

There are problems where a.utoma.tic code genera.tion does not suffice. BALSA does a. grea.t job 
in thís Cll.5e. We are extending our system to a.lso support manually a.nnotated code. In particular, 
we are doing this for hard a.lgorithmic problems, where visua.lization helps at the rcsearch leve!. 
One of these, not treated by other systems, is text searching. Figure 9 shows the anima.tion of a 
two-dimensíona.l text searching problem. 
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Figure 9: Text searching. 
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