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Abstract

Following previous work on displaying static data de-
pendences and experience with large sets of dependence
displaying strategies, we developed a tool for visualizing
dynamic data dependences.

Our prototype is based on a modified Lisp interpreter
and this paper presents our evaluation of its application to
a highly complex Al program. This permitted us to build
efficient visualizations and to evaluate the benefits of using
dynamic dependences for program understanding, debug-
ing and correctness checking.

In this paper, we present our prototype, detailing espe-
cially the different visualizations we introduced to allow
users to deal with hard to understand programs, and we
discuss our findings working with dynamic dependencies.

1. Introduction

In this paper, we report on our research using dynamic
data dependences during program maintenance.

In previous work on static data dependences [3], where
we developed displaying strategies for very large sets of de-
pendences, we discovered that visualizing sample values for
a well chosen execution could be of great help to under-
stand what a program computes and how it works [2]. This
pushed us to explore dynamic dependences — dynamic anal-
ysis is recognized to bring precise information for a given
execution [1] — and to evaluate the benefits of visualizing
them for those activities where knowledge about given exe-
cutions is crucial, that is program understanding, debugging
and correctness checking.

For the sake of evaluation, we developed a prototype
around the Lisp language; actually, modifying an interpreter
is much easier than modifying a compiler, and hard to un-
derstand Lisp programs are still small enough to prevent al-
gorithmic and optimization problems which arise when ma-
nipulating huge amounts of data. We thus modified a Lisp

interpreter to let it, in addition to normal execution of pro-
grams, extract dependences at runtime. These dependences
are sent to a Lisp program that acts as a database, storing the
dependences and producing on demand the corresponding
graph—in dot [5] format. Finally, a Tcl/Tk GUI displays the
graph, using strategies to reduce its size, and allows users to
interact with it to tune several kinds of visualizations.

To evaluate our approach, we applied our tool to a ver-
sion of the classical Al Blocks World program [6]. In our
version, the world is a table and the blocks — different pos-
sible shapes of objects — are manipulated by a one-handed
robot. Basically, the program presents itself as an inter-
preter the user interacts with in order to create objects, let
the robot move them to other places or ask for information
about the current state of the world.

The program is around 1200 LOC long! and includes
more than 125 functions and macros, many global variables
modified through pointers, indirect recursive calls, thus long
circularities, and escapes (i.e. non standard return controls).
It evolved over time, since first developed for an Al pro-
gramming class and then modified several times to add fur-
ther reasonning capabilities. All these features make this
program rather complex, hard to understand for newcomers
to the program and difficult to maintain for the one of us
who developed it.

In this paper, we present our tool (Section 3), the differ-
ent kinds of visualizations we defined (Section 4) and then
we discuss the benefits we got for the maintenance of a hard
to understand program (Section 4 and 5).

2. Tool

Our tool relies on three modules: a modified Lisp inter-
preter (a C version is under construction), a database (cur-
rently a Lisp program) and a GUI (implemented in Tcl/TK).
We modified a Lisp interpreter to make it, in addition to

INote that LOC in Lisp is very different from LOC in more usual pro-
gramming languages such as C, because of the compactness of code and
the powerfull functional primitives it offers.



(de square (a)
(* a a))

(de som2 (x y)
(+ (square x) (square y)))

(som2 3 5)
34

?

Figure 1. Sample code

normal execution of programs, extract dependences at run-
time. These dependences are sent to a Lisp program that
acts as a database, storing the dependences and producing,
on demand, the corresponding graph — in dot [5] format. Fi-
nally, a Tcl/Tk GUI displays the graph, using mechanisms
to reduce its size, and allows users to interact with it to tune
several kinds of visualizations.

The full set of dependences for a given call is unlikely to
be displayed as is, since it is usually to large to be readable.
For this reason, following our past experience with display-
ing strategies to deal with large sets of dependences [3], we
integrated aggregationand filtering mechanisms in our tool.

A2=5 Al=3

Al=5 R-som2 =34 Al=3
R-square = 25 R-square =9

Figure 2. Data dependence graph with all
calls visible

Aggregation is done by grouping together nodes (that is
pieces of code) belonging to the same function call. For
example, in the sample code of Fig. 1, wich computes the
sum of the square of two numbers, we have nodes belonging
to the two calls to function square and we aggregate them
to form two groups. These two groups, as well as other
nodes, belong to function som2 and are aggregated to form
the main group. We can then display dependences showing
only these groups, thus only the calls, and the dependences
between them. Fig. 2 gives the corresponding graph for
the call (som2 3 5) and shows how values are transmitted
between calls. Alternatively, we can also get a graph with
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som2

R-som2 = 34

Figure 3. Data dependence graph with only
the toplevel call visible

only the toplevel call visible (see Fig. 3), showing just in-
put and output of the whole program. Such views are very
helpful when global variables are used and modified by the
program (see Section 4).

For a large program, the number of function calls may
become too large to get readable graphs. For this reason, our
filtering mechanism classifies functions into control struc-
tures (they are functions in Lisp), primitives (those stan-
dard functions that are implemented in Lisp itself) routines
(small reusable functions related to the program at hand)
and user functions (all the remaining functions). The next
Section will show different visualizations that depend on
this classification to filter out given set of calls.

3. Visualizations

Our basic navigational functionalities — going down/up
one level while opening/closing groups — becomes tedious
as soon as the call tree exceeds more than a dozen levels.
Actually, a typical call to the robot instruction for moving an
object produces a call tree of more than 3600 groups (calls),
distributed in a maximum depth of 90 levels and 45 in the
mean. That’s why we propose different visualizations of
the call graph to use as an help either to understand the pro-
gram or to navigate in the dependences graphs. This Sec-
tion introduces the different possible visualization of both
call graphs and data dependence graphs.

Call Graph This view is based on the group hierarchy
created to handle aggregation and shows the different calls
performed during the program execution. It is displayed in
another window than the data dependence graph.

Such a visualization offers a global overview of the func-
tions the program evaluated and the way they are organized
(see the Section 4). It also permits the user to ask for a given
data dependence graph by interactively selecting a call. This



Toplevel

creObjet-1

’ definieObjet-7 ‘ ’ trouvePlaceSur-128 ‘ ’metSur-lQS‘

l G IN

’ definieObjet-13 ‘ enleveObjet-214 ‘ ferme-256 ‘ deposer-258 ‘

Figure 4. User call graph

group becomes then the focus of the displayed data depen-
dence graph (see 3).

Note that such call graphs may be very large, thus re-
stricted versions are also available (see below).

User call graph This is a restricted version of the call
graph just described where only user functions are shown.
This not only permits to get a graph with much fewer groups
— from more than 3600 groups in the whole call graph for
a “‘move-object’ instruction we could get down to about 30
groups —, thus more easily readable, but also to get a global
overview of the main function calls from a programmer’s
conceptual perspective. In Fig. 4, we see the user call graph
for the creation of an object: from the initial 159 groups,
only 9 are displayed.

One level user call graph  This view is a mix of the two
previous. Actually, in many cases, once the programmer
found the function s/he is interested in investigating further,
s/he might be willing to know more about all the calls per-
formed by this function, and not only the user function calls.
For this, we provide a call graph beginning at a given user
function and ending at the next user function call, that is
when traversing the call tree, we stop drawing the graph
whenever we reach leaves or we encounter user functions.

Return graph The Blocks World program uses inten-
sively the ‘escape’ mechanism of Lisp? that allows the pro-
gram control to directly return to a calling function up in
the call tree, restoring the local environment of the place
where the ‘escape’ was set. If this clearly eases coding and
speeds up execution time — less tests are to be written and
evaluated — it also seriousely complicates maintenance and
debugging: as soon as several ‘escapes’ are embedded, be-
cause in recursive calls, it becomes hard to conceptually fol-
low where the control is supposed to get back and how the

2Sometimes called “catch-and-throw’, this mechanism is similar to the
‘setjimp-longjmp’ mechanism of C.

program is supposed to continue after the activation of the
‘escape’.

That’s why we integrated the possibility to extend the
call graphs with the return graph: whenever control gets
back to another function than the one that called the current
one, the return arrow is displayed in red.

Data dependence graph  This visualization provides the
standard data dependence graph as we introduced in Sec-
tion 2. It follows the global setting of group display: each
group can be open or closed, and visible or hidden when in
a closed group. Furthermore, it may focus on a given call,
this way considering only the sub calltree beginning at this
call.

The construction of several different views is possible.
When all groups are visible, the visualization gives a global
overview of the different calls of a program execution,
showing more specifically how arguments and returned val-
ues are transmitted between calls. When only the main
group is visible, one can clearly see the effect of the call
on global variables. When one or more groups are open,
examination of the detail of the evaluated code is possible.

Examples are given in Sections 2 and 4 (Fig. 2, 3, 5 and
6). The next Section will further discuss this visualization.

Filtered data dependence graphs This visualization is
obtained whenever classes of functions are flagged to be
filtered out. It is especially useful with data dependence
graphs where all groups are to be displayed, since it per-
mits to hide functions of lesser interest for the task at hand.
For example, it is often useful to filter out primitives — very
often recursive functions called a huge number of times —
that fill a graph with irrelevant information. Displaying con-
trol structures is also often useless when the programmer is
more interested in focusing on what the program computes
than on how it does it. To the contrary, s/he might be inter-
ested in examing the overall control of the program execu-
tion without considering how it is encoded in functions.

With this mechanism, one has just to tune the settings for
each class of functions and then to select a group —in a call
graph for example — and the tool automatically builds the
corresponding view.

First level graphs The two basic possibilities to examine
groups — only the top group visible, or any group visible —
proved to be insufficient in several cases, since giving either
too few or too many details. We extended our tool function-
alities with a view where the focus group is visible along
with each first level group. This allows the user to examine
how a given action — implemented by a function call — is de-
composed into smaller actions without the need to examine
the actual code of the call, which is always visible through



the group nodes. One can then navigate up/down one level
for further examination.

Note that the filtering out of given function classes is also
active in this view.

Sets of groups Sometimes, the automatically built views
we just described are not satisfying because centered on one
function, while we might need the ability to see a set of spe-
cific calls, especially to examine the values of global vari-
ables before and after these different calls (see discussion in
Section 4). For this reason, selecting a few groups on a call
graph results in a data dependence view where only these
groups are shown while all others are hidden.

The different visualizations presented in this section were
inspired by the needs we encountered during the process of
trying to understand a rather large and complex program.
They proved to be very useful for interactive goal-directed
exploration. In the next Section we will discuss the use of
dynamic data dependences during program maintenance.

4. Dynamic data dependences for program
maintenance

In this section, we report on different programming ac-
tivities around the Blocks World program where we used
dynamic data dependences and we discuss our findings.

4.1. Program discovery

The first context where our visualizations proved to be
useful is program discovery, that is the task a programmer
faces when s/he has to get aquainted with a program s/he
didn’t implement her/himself. Two of the authors were in
this situation with the Blocks World program and had to
work hard to understand the program. Even if interacting
with the robot, on the Lisp terminal, was easy to grasp, try-
ing to understand how the program works in order to handle
object creation, placement and moving was another ques-
tion!

The first view we used for this is the data dependence
graph which focused on the called function. Fig. 5 shows
this view for the call (creObjet 'a ’boite 'taille '(2 2 3)) that
asks for the creation of an object, named ‘a’, that is a box
— boite in french — of size 2x2x3. The view shows the in-
put/output of the call, highly uninformative, since the result
of the call is just printing out ‘c’est fait” (or ‘done’) and that
doesn’t say anything about how the program did this. How-
ever, this view also shows the global variables (filled in dark
gray) that were used and/or modified by the call, informa-
tion not easily accessible in the interpreter itself. Here we

see that the table before the call was empty?, as was the
object list (variables on the top), while after the call, it has
been filled with ‘a’ that also appears in the object list and
has properties (variables below the call). With this view, we
could discover the real effect of the call.

To better understand how the program functions, we used
the user-call-graph, as it gives a first global overview of
the actions performed by the program. Of course, this re-
lies on the fact that our program is well decomposed into
well named functions: looking at the user-call-graph given
in Fig. 4, one can easily grasp that creating an object means
first to define the object (definieObject) — this function is re-
cursively called once —, then to find a place where to put it
(trouvePlaceSur) and then to actually put this object at this
place (metSur); this last action is again decomposed into
three steps, namely grasping the object (enleveObjet), clos-
ing it whenever it is a box (ferme) and putting it down on
the table (deposer).

We then got back to the data dependence graph to get
more information about how these different steps affect the
global variables. We filtered out everything but user func-
tions and built a first level graph focused on the call to cre-
Objet.

In the case of an object creation, we could verify that
the performed actions are always the same. In some other
cases, on the contrary, different calls to the same function
resulted in really different sets of actions; this was immedi-
ately visible in the user call graph and pointed us towards
other possible "traversals’ of the program we had to analyze.

4.2. Finding bugs

While working on the data dependence graphs we men-
tioned in the previous section, we examined in detail how
finding a place where to put a object was done. Here, to
put an initial 2 by 2 box on an empty table, the program
checked whether positions 1-1, 1-2 and 2-1 were free and
decided that this was a good place where to put the box.
Check of 2-2 was not performed and this didn’t produce
any error since the table was empty, but of course this also
showed a buggy behavior that caused errors in other cases
where many objects were already on the table. Incorrectly
nested loops were responsible for this error that could be
quickly corrected.

Detecting this bug would have been very difficult look-
ing only at the input/output of the program on the Lisp
terminal, even when using the built-in inspecting features,
while it was straightforward with our data dependence
graphs. Fig. 6 shows the corresponding graph, where only
three calls, instead of four, to quoiA? are performed, and the
argument values indicate which positions were checked.

3nil stands for empty in Lisp.
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Figure 5. Overview of computation performed

In other cases, we noticed unexpected behaviors of the
program and used different possible views to find why it
was behaving this way. Our main strategy was to exam-
ine the values of the global variables, in iteratively refined
views on the different actions performed by the program, to
point to a function call working incorrectly. Then we nav-
igated backward and forward to see whether this call was
receiving a bad argument — in this case, we again refined
views to see what happend before this call — or whether
it was effectively performing incorrectly. As soon as we
had detected the buggy function, we could analyze in more
depth what was performed during its call to find the prob-
lem. For example, in one such case, where an object had
to be moved but was actually not moved, we could detect
that a generic sorting function was called with an incorrect
function pointer as argument, resulting in not sorting at all.
Simply modifiying the call solved the problem!

4.3. Correctness checking

As an extension of the two former points, we also used
our views to verify that the program was behaving properly.
For instance, after correction of the bug in the ‘finding a
place’ action, we built several views of calls where this ac-
tions was performed and carefully verified that it was, now,
correctly implemented.

We also used our views to verify that the program was
behaving the way we expected it to do. Remind that it is
an Al program, relying on the key concept that most gen-
eral problems can be recursively solved through a divide
and conquer method. That’s why, in many contexts, large
parts of the program are reused and reused again, resulting

in deep and broad call trees, extremely difficult to capture.

For example, the user instruction pose-sur, that is put-
on in english, intended to let the robot move objects in the
world, is reused whenever objects are on the object to move
— the robot must first put these objects on the table —, reused
(again) whenever the necessary place on, say, the table is not
available — the robot must first put other objects on another
place, and then finally it can put the initial object on some
place on the table. This way, a single call to function pose-
sur may result in it being recursively called several times,
each one driving calls to a huge number of other functions
each one possibly including non-local returns.

In order to check that this process was correctly imple-
mented, we looked both at user call graphs to check whether
function pose-sur was recursively called the correct number
of times and at a data dependence graph where we rendered
visible only calls to function pose-sur. With such a view,
we were able to examine the values of the global variables
at the different steps of the program execution in order to
verify that they were modified the way we expected.

5. Discussion

From our experience working with the Blocks World
program, as well as several other small to medium sized
Lisp programs, we can affirm that the major benefit given
by the dynamic dependences our tool handles is that precise
information about a program execution is recorded: details
about how execution was driven from one expression to an-
other, as well as about which values variables had at any
point of the program and how these values are transmitted
from point to point.
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Figure 6. A buggy search for place

The different visualizations we propose were designed to
minimize the conceptual overload in order to allow users to
find the exact information they need, otherwise barely ac-
cessible in the database. Different variants of call graphs
respond to questions about the control of the program, and
data dependence graphs about the data flow. Clearly, this
dynamic information is of great help when working on
problems like debugging, verifying that a program works
properly, or even optimizing, since it gives information only
for one given execution, when static dependences would
give too much information.

On the other hand, the weakness of this approach is that
it requires enough knowledge from the user on the possi-
ble paths in the programs: verifying that a program behaves
properly means checking many possible executions, and the
user has to find which ones are necessary. However, our ap-
proach also makes possible to discover some unforseen exe-
cution paths, sometimes impossible to detect through static
analysis. Combining static information with dynamic de-
pendences is a possible extension we plan to investigate.

The second problem we encountered with our tool is that
even if the set of dependences is restricted to one execution
of interest, it’s still sometimes hard to find the right infor-
mation: either too many nodes and groups are displayed at
the same time, or too much navigation is required in the
graphs before one finds the place to examine more in depth.
For this, we plan to enhance our filtering mechanism with
the ability to filter out global variables, since they are not
all of interest at the same time, and to implement a query
language that will permit to find, thus to jump to, parts of
the execution corresponding to given criteria.

Besides enhancements of our visualizations we just men-

tioned, our main perspective is now to development further
a similar tool for the C language [4], where we will be able
to integrate it with a debugger. This way, the user not only
will examine the dynamic dependence graph after the ex-
ecution of the program, but s/he will have the possibility
to execute the program step by step, or from breakpoint to
breakpoint, while looking at the corresponding graph. We
expect this functionality to greatly enhance maintenance of
long to execute and hard to understand programs.
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