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Abstract. The aim of this paper is to discuss how our pattern-basedegira
for the visualization of data and control ow can effectiydle used to animate
the program and exhibit its behavior. That result allowsaugropose its use for
Program Comprehension. The animator uses well known cemgithniques to
inspect the source code in order to extract the necessamriafion to visualize
it and understand program execution.

We convert the source program into an internal decoratedt{obuted) abstract
syntax tree and then we visualize the structure by travgiisimnd applying vi-
sualization rules at each node according to a pre-de negtibake. No changes
are made in the source code, and the execution is simulated.

Several examples of visualization are shown to illustia¢esipproach and support
our idea of applying it in the context of a Program Comprel@msnvironment.

1 Introduction

PCVIA, Program Comprehension by Visual Inspection and Animai®@ research
project looking for techniques and tools to help the sofemangineer in the analysis
and comprehension of (traditional or web-oriented) corapapplications in order to
maintain, reuse, and re-engineer software systems.

To build up a Program Comprehension environment we need toaope with the
overall system, identifying its components (program anizh das) and their relation-
ships; complementary to those, other kind of tools is alsesegary in order to explore
individual components. These tools—that are our concemgathe paper—deal with
single programs instead of the complete set of programmiitg (the application), and
their purpose is to extract and display static or dynamie d@bout a program to help
the analyst to understand its structure and behavior.

Depending on the actual program facet we want to explorierdifit approaches to
inspection and visualization can be followed. We are exgmeiing that in the context
of PCVIA. We are developing a tool that does not modify the sourcerprognd uses
abstract interpretation techniques, aiming at an easy ystdraatic adaptation to cope
with different programming languages. In the Section 2 @ reper, we are going
to discuss this approach and the generated visualizaflonattain such an objective,
we parse the source program and build a decorated syntaarmce@ symbol table,
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that are kept in memory to support all the other subsequepertions (visualization
and animation), while the program itself is discarded andoscompiled (it will not
be executed in the target machine). Following this appregeimplementedima, a
program animation system.

We show some visualizations createdAlyna. Alma facilitates the representation
of abstract program concepts and can be useful in circuesawhere there are not
speci c tools to visualize programs written in the languagke produced visual rep-
resentation contains information about instructions aatd dhat will allow the user to
get the perception of the program's execution behaviouthedhanges in the value of
variables.

1.1 Related work

During our study of the state of the art we found several saftvhandling tools: classic
Program ComprehensioRC) tools; software visualization tools that can be also seen
as program understanding tools; development environnikatause visual or textual
representation to help the programmer; tools that are uss#drj some speci ¢ tasks
of software maintenance; graph visualization tools thatlwa used for some program
visualization tasks; and teaching tools.

Almost all of these tools were constructed for some spearmrguage and are to-
tally dependent of that language. Most of them use parseratically generated,
and compiler techniques to process information. Theseepaere used to transform
the source code in order to instrument it with inspectiorcfioms or special data types.
They can be also used to construct an internal represemtgttbe program. This repre-
sentation can be then systematically used to generateratjaas, statistics, structured
information, visualization or animation of programs.

Some examples of tools that create and use internal repatieeras the core of the
tool are: Moose [1], CANTO [2] or Bauhaus [3]. In Moose (a rgerering tool) the
information is transformed from the source code into a seuore model. Moose sup-
ports multiple languages via the FAMIX languages indepehdeta-model. In almost
all cases a parser is constructed to directly extract inéion to generate the appropri-
ate model. The CANTO environment has a front-end (for C) Wihgarses the source
code and creates an intermediate le with structural, ovdawinter information. Then
a ow analysis tool is used to compute ow analysis on the cotlee front-end also
creates an abstract syntax tree that is used by an archibetoovery tool which recog-
nizes architectural patterns. The Bauhaus system haghalsse compiler techniques
which produce rich syntactic and semantic information tingea low level representa-
tion of programs.

Alma follows this kind of approach — well-known language prodegsechniques
are applied to visualization and animati@dma uses a parser to construct an internal
representation of the program and then uses a set of patisatyules to inspect the
code.

A rst difference is thatAlma can be easily prepared to cope with a new language;
it is simply a matter of building a map between language cptecandAlma nodes,
and nothing more is needed. Another difference is Alaia is not a tool to analyze an
application (a set of modules) and extract informationf®comprehension. Instead of
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that,Alma aims at aiding to understand a program by visual inspectid@is structure
and by animation. Of course, one of its handicaps is that mmmgplementary tools are
needed to comprehend an application. Another disadvaigdigat the visual represen-
tations can be not so beautiful as those produced by toolsated to a language or a
problem class; but, on the another hand the system is moggigen

TKSee [4] or SeeSoft [5] are some examples of tools that ciodiatistic informa-
tion about the source program and then this information ésvshin a structured way
without changing the source code. TKSee permits users totsdze whole system for
les, routines or identi ers whose name or lines match a a#rtpattern and build hi-
erarchies to organize the information. SeeSoft also etetstatistical information from
a variety of sources (like version control systems, prognampurpose and static and
dynamic analysis) and shows the information using diffecetoured lines.

2 DAST Approach

In this section, we discuss the approach to program inggeetid visualization fol-
lowed in the context oAlma, one of thePCVIA tools under development. Although
not a classic tool for program comprehension, we believeitizan truly contribute to
this task, at the program understanding level (as argudukimtroduction).

Alma is a system for program visualization and animation. Thegpse of such a
family of tools is to help the programmer to inspéetaandcontrol ow for a given
program (astatic viewof the algorithm realized by the program wisualization), and
to understand itbehavior(a dynamic viewof the algorithm —animation).

The core of such tool is language independent; it is simila compiler'sback-end
that takes as input an abstract representation, and implsrtiee visualizer and the an-
imator components in a systematic way. To process a conureggamming language,
the tool is specialized providing a dedicafesht-endthat converts the input programs
into that internal abstract representation. As an interatedepresentation, between the
front-endand theback-endwe chose ®AST— Decorated Abstract Syntax Tree.

In this paper we do not want to introduce or explaima in detail; our purpose is
just to discusshe information we need to extraitbm the source prograrhow do we
do it, the format under which thigformation is representecandhow is it visualized
to help the user to understand the program.

3 Patterns: the information to extract

In contrast to the most common animators, we are lookingdodwo building a more
generic system, in the sense that it can animate any algostid that it can be easily
adapted to work with different programming languages. Tdrgthat direction, it is
essential to nd out a set of program patterns that we knowtoosheal with (display and
rewrite). That is, we need to discover the information, camno a set of programming
languages, that describes the structure and semantics pfagram, and that we know
how to store and to display (we intend to create a set of rolegdtematically visualize
those patterns).



1028  Pedro Rangel Henriques et al.

An analysis of the programming languages, belonging to ttieeuse we want to
deal with, allows us to state that all of them have commortiestilike: literal values
andvariables(atomic or structured)assignmentdoops and conditional statements
write/read statemen@ndfunctions/procedures

After the common entities have been identi ed, we must nd aywo describe
them at an abstract level, in order to establish a generiafsates to handle them in a
language independent way. The solution is a sele@hentary programming patterns

In this paper, we consider thapattern is a tree that represents an abstraction of a
programming concept; it is composed by two parts: a strattamponent (given by a
grammar production) and a semantic component (given byaf a#tribute occurrences
affected to the symbol that labels each tree-node).

These patterns capture the abstract syntax of each entitye(wr operation) in
order to preserve and keep, via attributes, the necesdaryniation to express its static
semantics.

This set of patterns can be compared with the instructionfstnachine. At com-
pile time, the statements of a program, in the source languag mapped into the
proper instructions of the target machine (translatiomfiagh-level to low-level, or
machine-level). In the same way, with our approach, theestants of a program are
translated into patterns (in this case, from high-levelt@bstract-level). For example,
in an high-level language, thieference to a variablen an expression means thecess
to its stored valueThe corresponding machine instructions have to load thialhia
value into the stack or accumulator; in the assembly langwdg stack machine these
instructions are something lik€USH var_address, followed by LOAD. Similarly,
in our approach, this operation will be mapped, in our irdénepresentation, to the
pattern that matches a variable; similar to assembly lageuae get the value of this
variable from the attribute where it was stored at parsimgi

4 Program representation: Pattern Tree

Once we decided the information that we need to extract frasoueice language, we
must now nd a way to represent it. The internal represeatatihosen to store these
patterns is DAST [6][7] that describes the meaning of the program we intene o
resent and visualize, being separated from any partitylafia source language. This
DAST is speci ed by an abstract grammar independent of a consmiece language.
This DAST is intended to represent the program in each execution.point

Consider the following program in some imperative souroglemge:

a=2;
write((a+10)  *2);

Clearly, we have two different statements:amsignmenand anl/O statement (write)

One possible representation for it could be the syntax treess in Figure 1(a):
Figure 1(b) shows the pattern treBAST) chosen in our approach. Each node in a
concreteDAST will match and instantiate a speci ¢ pattern. These treeasoare im-
plemented with attributes, whose values are obtained gtini@ information extraction
phase, and describe the characteristics of the sourcegonagrpreserve.
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program

assign write
pattern pattern

(@) Syntax Tree representation of the (b) Pattern Tree representation of the
program program.

Looking at Figure 1(a), we see that assignment node has tildret—a variable
name and avalue—and an implicittype So, the correspondinDAST pattern will
use three attributestame, value andtype . Bellow, we list the patterns considered
in our approach, as well as some of the attributes used in@ash

— Constants— value , type ;

— Variables— name, value , type ;

— Assignments— left-side:variable name |, right-side:expression ;

— Arrays — particular case of variable, have one more attribdigension ;

— Conditional If/ Then — boolean expression (1) to evaluateset of statements

to execute in case (1) is true;

— Conditional If/Then/Else — boolean expression (2) to evaluateset of
statements  to execute in case (2) is truset of statements to execute
in case (2) is false;

— Loops— boolean expression (3) to evaluateset of statements to
execute in case (3) is true;

— Read— (variable)name, value , type ;

— Write — expression

— Functions/Procedures—table forlocal variablesarguments ,set of statements

return value (for functions).

The visualization and animation are internally supportgdrbes. At rst, thepro-
gram treeis constructed, representing a static visualization oétitee source program.
Then, an execution tree is constructed representing thamlignfacet of the program.
The rewriting and visualizing processes are applied pegci® this second tree; the
rst one will be only used as a repository of nodes. For examplhen an instruction
is executed three times, three instances of the correspgnddes will be copied from
theprogram treeto theexecution tree

In order to simulate the execution, all the pattern instarita/e one common at-
tribute: isEvaluated . This attribute is mainly used to control thewrite process
(necessary foprogram animatioh—it indicates if the tree hadlreadybeen evaluated
or not yet

In next section, we show how we implement the patterns andthe@AST is built.
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5 Pattern extraction and implementation

To extract information from a concrete source program itgeigessary to parse it. This
operation will be responsible for byfeont-endbuilt speci cally for the concrete lan-
guage under consideration. Tfrent-endwill be in charged of identifying the source
language constructs and map them to B%ST patterns. To develop suchfeont-
endwe will use a compiler generator based on an attribute grama choice was
LISA [8,9]. LISA is implemented in the programming languatga, following an
object-oriented approach either in its internal impleraéoh or in the attribute gram-
mar it accepts. To generatdérant-endfor a speci ¢ source language, we use the syntax
and static semantics of that language speci ed by its grarmama then we add to each
production new attribute evaluation rule®(mputing statements in LISA's met-
alanguage) to build the internal representation of theespondindAST pattern.

For example, consider a grammar derivation rule (prodogtmde ne the assignment
statement in some imperative language. Its de nitiorLISA's metalanguage using
attribute evaluatiotemplatess:

rule extends Assign
ASSIGN ::= DESIGNATOR \= EXPR \; compute

ALMA_ASSIGN_VAR<ASSIGN,
DESIGNATOR.name,
EXPR.value,
DESIGNATOR.type>

}

ALMAASSIGN.VARIis atemplateand has the three attributes mentioned in subsec-

tion 4 — the variablename, value andtype .
Each template is previously de ned in &hma library and has the generic form shown
below:

template<attributes X_in, Y_in, Z_in,...> compute NODETY PE

X_in.dast = new Node(Y_in, Z_in,...);

}

Notice thatNODETYPHEdenti es the type of theDAST node to be built corresponding
to the pattern found (one of those listed in page 1029).

As we are using th&lSA tool to automatically produce the extractor, we also de-
cided to implement the patterns (subsection 3) reusing 4dB8w classes. It was very
easy to identify and understand the data structures ancbaetised by thelSA sys-
tem to process a given attribute grammar speci cation ona@program — they are
properly encapsulated in classes with attributes and rdett&o the coding of patterns
became straightforward, due to the reus€8fyntaxTree andCTreeNode classes to
build the internal tree representation. As an immediatesequence, all the facilities
provided byLISA to manipulate the attributed tree became available to geotiee
DAST. This consequence made the development oflh@a back-endanotherdava
class that implements the visualizer and animator) mucieeasd faster; to code that
class, we kept the object oriented approach followed $A.
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6 Pattern visualization

At this point, we had already decided which information térast, how to extract it,
how to represent it, thus making how to visualize it is a r@teonsequence of the
previous decisions.

Once we have a pattern tree as the intermediate representatiwveen théront-
endand theback-endtheDAST will be used to construct a visual representation for the
source program. Each pattern will be extended with one isahdik attribute:vr , that
contains the correspondirngisualization rule Thus, the visualization of a program is
obtained by making top-downtraversal over th®AST, applying the speci ed rule to
each node instance. The rst traversal produces a pictutkeoéntire program before
execution. So, the animation of a program will be done by ipleltop-downtraversals
to theDAST, until program is totally rewritten.

Figure 1 shows the visualization of a program, using theepatree corresponding
to the source program shown in the bottom-left sub-window.

Figure 1 and gure 2 show the animation ofLldSS program.LISS [10] is a lan-
guage where all variables are initialized at declaratiometi(with explicit values or
default ones). Figures 3, 4 and 5 (subsection 6.2) are delgith C language.

[=] Alma - Program Vicualization and Comprehension [E=T]r=a )
File Help

Identifiers
Class | Value | Arguments

¢=3+d(15-3)
wiite(d),

o start © FE® » (O Rima.. rome, “pr.. ; ) . T\ AF w2

Fig. 1. Global visualization of the source program
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6.1 Arrays and Structured Data Types

For arrays and structured data types we chose a differentiongnow their initialization.
The initialization of variables of this kind is usually madté cult to understand; when
a variable of one of those data types is initialized, a newwinalow is shown, giving
the user the opportunity to see in detail the attributionalfies to each component or
to skip all the steps at once.

Figure 2 shows the sub-window to initialize a structuredalale. After a variable is
initialized in the respective row of the identi ers tableilvappear a link 'See tabléto
the current value of this variable. In the case of an array appear the values at each
index ('gure 2). In the case of a structured data type wilbappear a local identi ers
table.

[Z] Aimsa - Program Visuslization snd Comprehension (=]l =]

File Help

Identifiers

dentifier

def

Type Class | Value

iinteger riable |

| Arguments

student__larray variable | I |

| 2] Struct Initalization
Wentifiers
e | Glass | Valus [rguments|

| dentiier |1y

o W R (| ey E—

Identifier:
[Identiier| Type [ Class [ Value [Arqume.
\vecl0] _[integer _ivariable 0 |
\vecl1] _[integer _variable 0 |
\vecl2] _|integer _|variable 0 [

18 sta

T

I I I

¥ Start FE=E > (@2ee < @wine. |[O6mat. | @warl. | @ Maeo. |Eoitine.. | Fissis. WY PT < GEMRMIT ¥ E0 55

[ Forwara || zoom+ |[ zoom. |[ Grow |

Fig. 2. Struct initialization and local table with values of an grrariable

6.2 Function and procedures

To animate functions or procedures, a new window is openeld game the subpro-
gram is invoked. This window is divided into parts: the rsheis used to animate
the parameters passing process; and the second one, tot@tlimaxecution of the
function/procedure body. In case of subprograms withordrmpaters, the rst window
(related with parameters passing) is omitted.

To illustrate thefunction call mechanism-suspending the execution of the invoker,
evaluating and passing actual values to the function fopasameters, executing the
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function body, returning a value and resuming the invokexcexion—we include Fig-
ures 3, 4 and 5 that are concerned with the animation of aiclpssgram written inC
language. The program under consideration in this exarsplernposed by two func-

[ Alma - Proaram Visualzation and Comprehension =TETE

Identifiers | Executing function
Identifier | Type | Glass |  Value | Arguments |
ractc lfactorial it function | \See table
mairn fmain Jint ffunction | |
1 Jint \variabte s |
rents
(o
i
2 12 intfastorial(ntr) { — Valte: S
e Statements || Name:f
5 ||s > 0( j calt factorial Ve |
e fes=n " factorial(n-1) Tnput E=
I }
8 s else E‘ Please input avalue
4

10 [f1o fetun res; O
L ok_|[ cance '
13 113 intmaing{
14 1 i
18
17 (17 1= factorial()
18 [f1s PNt %er )
19 [J1a 4§

o] I Ii D
1 o | L |one o[ |
| t B: [ Forwara zoom+ || zoom- | eroup |

Bt | FEE = i il T TR o < 20 @G m

Fig. 3. Invoking the main function

tions:main() that prints the factorial of a given integer, invoking a ftion to do the
computation; andactorial() that receives a parameter and computes recursively
its factorial. The rst screen displayed ®ima for this example, corresponds directly
to the program tree, and shows that program global structure
Automatically the Animator invokes functiomain() , opening a second window to
show inside it thamain() execution. Figure 3 is a screen-shot of thain() state
corresponding to the execution of ttead statement; notice thaput window that
appears in the middle of the screen to get a new value fromgée This picture also
illustrates the mapping of a concrefenstruction,scanf(%d,&f) , into theAlma's
abstract patterread . The next two gures (Fig. 4 and Fig. 5) illustrate the invtioa
of factorial() function. The rst describes the parameter passing (imateti
after executing theall statement, a new window is opened and the animation of the
evaluation and assignment of the actual parameter is gsgp)aThe second (Fig. 5)
corresponds to the execution of the third recursive invonadf factorial() . No-
tice that a new window is opened for each function invocationew identi er table
and a new tree are displayed in order to animate that new Baagqrocess.

For each function, a local identi er table is created, anid possible to map each
row of this table to the visualization of the function bodyeution. When the function
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execution ends, the local table disappears, and the realue Vs transferred to the
previous identi er table.

[£] Alma - Progra = e]
File H o=
“identt | igi L Function call: factorial
actoria_ ffactor Identifiers Passing arguments | Execuiing function
main_| I0enifier Type Class Value Arguments
f| ifactorial fint unction ‘See table
r main int unction
int riable 4

2 itz
i 3 [+]
5 5 3 intres=1
B 5
7 7 5 it >0}
3 E 6 res =n* factorial(r-1),

4 ¥
10 10 [f8 sise {p
"y

10 retum res;
13 it f13 |11 3
14 14

13 intmaing {
o | - intf.r.
17 7
18 18 [|18 scant(% &)
181 f1e g7 r="factorial(D;

18 printfC %dt)

19

[ ForWarg || Zeom+ || Zeom- | Group |

¥ Start FEEBR 7 Ofe MR2e Pk |tk @M. | [ZWn. | B ‘W T et < B0 E G 1715

Fig. 4. Parameters passing to factorial function

7 Conclusion

To help the software engineer to understand the behaviorgdfem program (in the
context of program comprehension environments), it is s&agy to extract and collect
from it static data—concerned with variable/type declarations and statestantture—
anddynamic data—concerned with the data and control ows.

The objectives of our approach are two-fold: to show the m@ogstructure (the
hierarchy of the statements); and to illustrate the exenutw and how it affects the
program state. For that purpose we just have to parse theespusgram in order to:
collect the information that de nes its state (values andaldes); and to nd out its
structure. A symbol table (or de nition table) and an abstisyntax tree are enough to
store this information. The visualization process is therigrmed by a systematic tree
traversal, applying straightforward rules to each tre¢gpat and to the correspondent
row in the symbol table and line in the source text.

In our approach, we no longer need the source program; funtire, after extract-
ing information and building thBAST, we are able to give visual details helpful to get
easily anoperational viewof the program. This approach does not modify the source
program, and relies upon a visualization/animation endine Back-End of the tool)
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Fig. 5. Calling recursively the factorial function — Executing tlueaction

that is independent of the source language (and, of coufrtiee algorithm); thus, tun-
ing the tool to analyze programs in different languages tandard task.

In order to usé\lma for a new language we just have to construicbat-endfor that
language. Thifont-endwill map each source language concept té\dma pattern. To
startAlma development, we have createdrent-endfor LISS language, enabling us
to begin the tests. Recently, we have followed a similaresystic process to construct
anotherfront-end this time forC language. Using an attribute grammar (based on a
public CFG for C) andLISA generator, thisront-endwas developed very fast.

We also believe thalma can be very useful to visualize more declarative lan-
guages, like functional/logic programming languages,p@cscation languages, but
we will work out this point as future work.

HenceAlma patterns correspond to the Turing machine basic operatiomargue
they suf ce to deal with the common imperative programmiagduages.

To cope with other paradigms, as referred above, possibviyllibe necessary to
upgrade the patterns library to include some others thatoatribute to a more clear
understanding of their speci cities.

Alma system can be particulary useful for domain speci ¢ langsagnd other
special languages that don't have any kind@ftool implemented. For these languages
a newPC tool would be constructed from the scratch. As we already ssingAlma
a speci cPC tool can be easily prepared.

We are convinced that preseklma animations really help on program understand-
ing — they show a program execution simulation with data aovtrol ow informa-
tion. However, this statement will be measured in the netaré, via usability tests.
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