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Abstract

GUPRO (Generic Unit for Program Understanding,
http://www.gupro.de) provides an adaptable and extesible
workbench for program understanding and software reengi-
neering. GUPRO is strongly based on graph technol-
ogy, i. e. source code is parsed into graph structures which
are accessible by graph algorithms and a general graph
query language GReQL. In GUPRO, these base technolo-
gies are combined into reengineering tools like source code
browsers, cross referencers or slicers. This paper describes
the application of GUPRO on the ’XFIG Bake–Off ’, a re-
verse engineering problem for a tool demonstration at the
Working Conference on Reverse Engineering WCRE 2000.

1. Introduction

GUPRO (Generic Unit for PROgram understanding) [3]
is a generic toolset for understanding software systems. The
GUPRO approach to program comprehension focuses on
querying a graph repository [4]. Program comprehension
is supported by an iterated three step process of repository
queries, report generation and source code browsing. Query
results are presented in various formats, where hyperlinks
provide connectivity between the conceptual entities of the
query result with relevant source code regions. Queries gen-
erate an initial set of bookmarks for concept driven source
code navigation. Results from previous ’round trips’ can be
used as input for subsequent queries.

Software of different source and description languages
is represented uniformly in a graph based repository. By
adapting the conceptual model, the maintenance engineer
can focus on arbitrary properties of a software system at any
level of granularity. The relevant concepts are represented
in UML–like class diagrams. GUPRO tools are parame-
terized by graph classes defined by the conceptual models.
This generic mechanism allows tailoring problem oriented
reengineering tools. Conceptual models (including extrac-

tors) exist for multi language systems on architectural level
[5] and for various single language systems on ASG (Ab-
stract Syntax Graph) level.

GUPRO is strongly based on graph technology. Source
code is transformed into a graph structure by specialized
parsers. The resulting graph is an instance of a graph
class defined by the conceptual model. Software graphs are
stored asTGraphs. A TGraphis a typed attributed directed
ordered graph [2]. An efficient implementation ofTGraph
structures and algorithms is given by theGraLab library
[1]. The software graph is accessible by graph algorithms
and a general graph query languageGReQL(Gupro REpos-
itory Query Language [4]). In GUPRO, these base tech-
nologies are combined into reengineering tools like source
code browsers, inquirers, cross referencers, slicers etc.

GReQLallows the computation of arbitrary reports on
software graphs. Graph properties can be used for easy
and efficient querying even complex structural relationships
between the instances of the modeled software concepts.
GReQL reports are generated by the command line tool
greqleval and can be exported in various formats, e.g.
plain text tables, CSV files or HTML.

The GUPRO team consisted of the author who did the
actual analysis and three students responsible for the neces-
sary tool modifications.

The following sections will introduce the C and CSys-
tem graph classes used as conceptual model throughout the
analysis. We present solutions to some of the analysis tasks
and give an overview over the principal analysis steps. Fi-
nally, we suggest some improvements to GUPRO.

2. Results

2.1. The C/CSystem graph class

In the XFIG analysis, we used a fine granular concep-
tual model of ANSI–C. The ASG represented by this model
is closely related to the concrete syntax tree of the C pro-
gram. GUPRO was previously used with this model in a



software evaluation project to generate evidence for formal
proofs of algorithm properties in single file C programs. In
this context, we extended the conceptual model and our C
parser to accept Microsoft specific extensions. Unknown
language constructs of other C dialects are transformed to
opaque syntactic entities in the ASG. Opaque means that
the corresponding source code of those constructs is not an-
alyzed for syntactic structure but simply stored as one ASG
node.

Static data flow analysis is supported by a SDG (Sys-
tem Dependency Graph) inference tool. The SDG is simply
added to the software graph. A slicing tool can generate for-
ward and backward slices of a statement. This is done by
inline GReQLand native graph algorithms of theGraLabli-
brary. inline GReQLis a function library to embedGReQL
queries into other programming languages.

2.2. The GOTO query

As an example for the solution of one of the tasks, we
present a simpleGReQLquery. This query reports the GO-
TOs as well as the jump destinations.

Figure 1. HTML view of the GOTO report

The GReQL expression in fig. 1 selects allGoto-
Statementsg and uses two path expressions to yield the
corresponding labeli ! fisLabelIngl and jump destina-
tion i! fisGoalIngg.

Since the underlyingTGraph is directed, the arrows in
path expressions determine the direction of the edges. The
argument in curly brackets can optionally be used to re-
strict the edge type. TheTranslationUnit represent-
ing a source file is found by the regular expression property
of path expressions, specifying an arbitrary path from the
GOTO to it’s source file:g ! fg � t.

TheGotoStmt andLabelStmt columns identify the
vertices in the ASG representing the respective entities of
the underlying conceptual model (see fig. 2).
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Figure 2. Extract from C/CSystem graph class

Different to other tools, parsing of C in GUPRO is based
on preprocessedsource files. Preprocessing of XFIG was
done on a Sun Sparc architecture. This is the reason why
the two moreGOTOs of XFIG in main.c are not discov-
ered by the query. The C preprocessor macroUSE TAB to
include graphics tablet support was not defined in the ex-
traction phase. Accordingly the entities depending on that
macro are not represented in the software graph.

2.3. Architecture recovery

A possible solution to architecture recovery is to report
function calls inside one module and between modules.
This is an example for aGReQLquery to generate a direct
function call report:

FROM caller, callee: V{Identifier}
WITH

(1) callee (-->{isFunctionNameIn}
(2) -->{isExprIn}*
(3) -->{isStmtIn}*
(4) -->{isCompoundStatementIn}
(5) <--{isDirectDeclaratorIn}+) caller

REPORT
caller.name, callee.name

END

The path expression in this statement is slightly more
complex. The path in the ASG leads (1) from the callee
Identifier to a FunctionCall vertex, (2) to the
(zero or more) nestedExpressions applying the func-
tion, over zero or more (3)Statements to aCompound-
Statement. This CompoundStatement is the body
in a (4)FunctionDefinition which finally leads over
one or moreisDirectDeclaratorIn edges (5) to the
Identifier vertex representing the caller’s name.

As mentioned before, this query reports direct function
calls. Note that all indirect function calls could be discov-
ered by computing the transitive closure over the given path



from callee to caller. InGReQL, this can easily be specified
by adding a ’+’ (after the closing round bracket) to the path
betweencallee andcaller.

To accomplish the architecture task, we had to extend
our single file conceptual model to a CSystem graph class.
The CSystem ASGs contain software graphs of all source
files providing a repository for inter–module queries. This
required to augment the conceptual entities representing
translation units and source code position references. We
did not complete the architecture task due to graph size
problems.

3. Experience report

3.1. Parsing XFIG

In order to parse XFIG with GUPRO tools, we had to
choose a destination platform and analyze the output of
make. Preprocessing the source files (2MB) with the macro
definitions for the Sun Sparc architecture took about 5 min-
utes yielding approximately 15MB preprocessor output.

Parsing the preprocessed files with the GUPRO C parser
using the C graph class for single source files took another
30 minutes. This resulted in software graphs for each mod-
ule. Graph sizes are about 21,000 nodes and 30,000 edges
per module, adding up to a total of more than 1,440,000
nodes and 2,070,000 egdes (188MB).

3.2. Tool modifications

We had to modify the C parser in two ways: First, it
refused to parse some GCC specific constructs. GCC’s op-
timization hints (i. e.__attribute__ declarations) had
to be ignored by the scanner. The second modification ad-
dressed the single source file problem. To analyze XFIG,
the C graph class had to be extended to the multi file capa-
ble CSystem class.

For a preview of first results of these modifications, we
used theg2html tool to convert graph files into a human
readable form. The attempt to browse the HTML version
of the graphs proved that current main stream web browsers
are incapable to handle large files: Netscape as well as Inter-
net Explorer refused to display the 26MB file and crashed.

A re–link of some GUPRO tools with a newer version
of the GraLab library resulted in a remarkable speedup of
thegreqleval tool, our command line report generator.
Relevant processing time ingreqleval is consumed by
loading the graph files. The re–link reduced the load time
for a 3MB graph from about 20 seconds to only 3 seconds.

3.3. Large graph problem

The fine granular conceptual model results in a very large
software graph. GUPRO tools currently require the en-
tire graph to be in memory. This results in long startup

phase and huge main memory requirements. To address
this problem, we are thinking about aGReQLserver. This
server could work on a powerful machine to answer multi-
ple queries requiring only a single graph load phase.

4. Lessons learned

The application of the GUPRO tools requires a detailed
knowledge of the underlying conceptual model. Beginners
have to take this hurdle before any meaningful queries can
be formulated. The C graph class was built with respect to a
fine granular representation required by it’s first application
in a software certification project. A maintenance engineer
familiar with the concepts of syntax analysis should be able
to understand this model and make effective use of GUPRO
in not more than two days.

To improveGReQL’s practical use, we would suggest
two extensions to the existing function library: A function
for regular expression matching on strings and some very
simple functions for reporting vertex and edge types of the
TGraphcomponents.

In short time, we expect to finish a new integrated
GUI with a folding source code browser integrated with a
GReQLquery interface.

Our first steps in the XFIG tasks lead to the following
understanding: The granularity of the conceptual model
MUST match the reverse engineering problem. To discover
software architecture and to complete tasks at the level of
the this tool demonstration, a far more abstract model is es-
sential. Due to the genericity and scalability of the GUPRO
tools, it is very easy to tailor the existing conceptual models
or create new models for future challenges.
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