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DYNAMIC SEMI-STRUCTURED REPOSITORY 
FOR MINING SOFTWARE AND 

SOFTWARE-RELATED INFORMATION 

FIELD OF THE INVENTION 

[0001] The present invention relates to computer aided 
software engineering and more particularly to a dynamic and 
semi-structured repository for reverse engineering softWare 
systems. 

BACKGROUND OF THE INVENTION 

[0002] Software systems are business assets, and typically 
critical assets. Existing softWare systems have become 
increasingly larger and more complex With lifetimes that are 
much longer than planned. Systems, as a Whole, continually 
change. These changes, in turn, must propagate to all 
subsystems including softWare systems. Changes in a soft 
Ware system can be due to changes in the requirement 
speci?cation, for example a change in government regula 
tions, or as a result of changes in the operating environment, 
for example a change in the operating system. Other com 
mon changes can be corrective and in response to the 
detection of “bugs”. SoftWare systems are called legacy 
systems When they are mature, large in siZe, complex, and 
their documentation is limited. Generally such systems are 
business assets that cannot be replaced or retired easily. The 
existence of a large number of legacy systems has generated 
interest in building computer softWare tools that help under 
stand the architecture and functionality of these systems. 

[0003] The issue of change in softWare systems is often 
addressed under the title of maintenance or evolution. It is 
Well knoWn that softWare maintenance is both critical and 
time consuming. Reports of softWare maintenance research 
suggest that a large portion of the softWare life cycle (50% 
to 90%) is invested in maintenance. 

[0004] A primary difficulty in maintaining softWare is 
coming to an understanding of the underlying source code. 
SoftWare maintenance engineers are generally different than 
original designers, Who are in most cases no longer avail 
able. Furthermore, many companies assign their neWly hired 
programmers to the task of maintenance of softWare sys 
tems. The main source of understanding, in such cases, is the 
internal documentation Which Was prepared for the softWare. 

[0005] SoftWare documentation is generally incomplete, 
outdated, or simply non-existent. Under the competitive 
pressures of today’s softWare industry, documenting pro 
grams is considered secondary and often treated as an 
afterthought. In cases Where documentation is available and 
up-to-date, it still may provide little help since it is often 
Written text, augmented With sketches that provide only one 
vieW of the softWare system. Thus, a large portion of 
maintenance time is spent on understanding the softWare 
system by investigating the actual source code and talking to 
programmers With more expertise (i.e., mentoring). 

[0006] The problem of maintenance is exacerbated by the 
short turn around time of softWare professionals: on average 
tWo to three years. Programmers either change projects, take 
promotions, or move for employment elseWhere. The com 
bination of program understanding difficulties and short 
turnaround time of programmers has resulted in higher costs 
of training and, in turn, higher costs for maintaining the 
softWare systems. 
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[0007] The proposed solution to the problems of main 
taining existing softWare systems involves the use of reverse 
engineering techniques. 

[0008] Reverse engineering is the process of understand 
ing hoW an existing softWare system Works. This process 
involves extracting data about the softWare system and 
creating higher-level abstractions that simplify understand 
ing of the system. In simple terms, reverse engineering 
involves mapping of the existing softWare artifact to a 
design speci?cation and from there to a system speci?cation. 
The mapping from speci?cation to an implementation is one 
to many. Based on the knoWledge of programming and the 
application domain, high-level abstractions are constructed. 
These abstractions represent different vieWs of the system 
that capture only some essential properties of the softWare 
system. Some aspects of reverse engineering, such as data 
extraction, can be automated, While others cannot. It Will be 
appreciated that reverse engineering even With the develop 
ment of various reverse engineering tools remains a semi 
automated process, Which requires the involvement of 
human programmers. 

[0009] KnoWn reverse engineering tools provide support 
in the processes of extraction, analysis, and understanding of 
complex softWare systems during maintenance and evolu 
tion. Typically these tool sets include processes for parsing 
source code, grouping and ?ltering of the parsed code, 
representing derived information in textual and/or graphic 
forms, and broWsing. 

[0010] The Re?ne/CTM utility is a knoWn extensible Work 
bench for reverse engineering of existing C programs. The 
Re?ne/CTM utility provides a C parser and a lexical analyZer 
and APIs for building customiZed analysis tools. The RigiTM 
program, Which arose out of research at the University of 
Victoria, is another reverse engineering tool Which is based 
on a graphical editor called rigiedit. The RigiTM tool pro 
vides support for partial parsing of programs Written in C, 
C++, PL/I, and COBOL. The RigiTM tool also provides 
broWsing and editing facilities for entities generated by 
parsing the source code. 

[0011] The Imagix 4DTM program is a reverse engineering 
tool for C and C++ programs from the Imagix Corporation. 
The Imagix 4DTM program provides parsing facilities for C 
and C++ programs as Well as vieWs of the program at 
different levels of abstractions. These vieWs are presented in 
a 3D format that alloWs the user to focus on those of 
immediate interest. 

[0012] Also of note are tools that Were developed for the 
purpose of architectural discovery. An example of such a 
tool is the DaliTM program, Which Was developed by Soft 
Ware Engineering Institute. The DaliTM program is a com 
bination of various tools. It uses existing parsers for extract 
ing information, a relational database for storing the 
extracted information, and RigiTM for vieWing and editing 
the extracted information. Each of the tools mentioned here 
has been applied to moderate siZed softWare systems With 
some success. 

[0013] In vieW of the foregoing, it Will be appreciated that 
reverse engineering inherently is an ill-de?ned problem due 
to the difference in levels of expertise of the programmers. 
As a result, the process of reverse engineering has been 
characteriZed as exploratory. Many approaches have been 
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put forward for reverse engineering, each With a varying 
degree of success in industrial settings. These approaches 
typically use one or more cognitive models of program 
understanding and support the reverse engineering process 
by providing a number of tools for extraction, analysis, 
visualiZation, and manual editing and broWsing. In other 
Words, all these approaches are tool-based. Unfortunately, 
reverse engineering is a time consuming endeavour. It 
typically takes months before a model of the softWare 
system being investigated is constructed, and these models 
are often inadequate in a number of Ways. First, oWners of 
softWare systems generally do not have an ability to generate 
and investigate models of the existing softWare system. The 
models are mostly constructed by using speci?c tools and 
the creation of neW models requires the construction of neW 
tools or the modi?cation of existing ones. Second, searching 
capabilities are limited. In some cases, relational databases 
are used for intermediate storage of extracted information. 
Relational databases provide ef?cient facilities for querying 
databases. HoWever, these relational databases are generally 
not suitable for interactive query of softWare repositories. As 
a result, relational databases are usually used during early 
stages for “off-line” querying. Once the higher-level abstrac 
tions are constructed, the relational database is no longer 
used. Thus, We need a combination of database and knoWl 
edge base technologies. 

[0014] Third, most conventional reverse engineering tools 
lack history and replay mechanisms. The process or reverse 
engineering, in other Words, is once again in the minds of 
those involved in the initial process. Fourth, reverse engi 
neering tools are centered around parsing engines. These 
tools rarely provide partial or incremental parsing, and as a 
result they are generally Weak in incremental model building 
and reasoning in the presence of incomplete and unresolved 
references. Fifth, the tool-centric vieWs of reverse engineer 
ing approaches do not provide suf?cient support for inte 
grating external tools. 

[0015] The increase in siZe and complexity of softWare 
systems combined With their long lifetime has shifted the 
focus from design to maintenance and evolution. Akey issue 
in maintaining legacy softWare systems is to understand 
them. Understanding large softWare systems involves 
abstracting aWay nonessential details and focussing on What 
is needed for the task at hand. For example, if changes in a 
softWare speci?cation require integrating a neW subsystem, 
it may only be necessary to understand the interfaces for the 
softWare system as opposed to details of the entire system. 

[0016] Current reverse engineering technologies focus 
mainly on ad hoc tools that are designed for speci?c tasks: 
construction of data-?oW graphs, control-?oW graphs, call 
graphs, etc. The information captured by these tools, and the 
knoWledge invested in construction of them are not readily 
usable by other systems. Further, softWare systems, as Well 
as the personnel involved in maintaining them, continually 
change. There must be a Way to understand softWare systems 
that can respond to continuous change. The challenge is to 
build tools that support knoWledge interchange and Work in 
dynamic environments. 

[0017] Accordingly, in vieW of the shortcomings associ 
ated With existing reverse engineering techniques there still 
remains a need in the art. The present invention provides a 
repository-based system for reverse engineering softWare, 

Nov. 15, 2001 

particularly legacy softWare systems. The repository-based 
system according to the invention provides mechanisms for 
incremental building of models of the softWare system, 
?ltering, grouping, manual manipulation, navigation and 
querying of softWare systems as Well as history and replay 
facilities for recreation of models in lieu of changes to the 
softWare system. Advantageously, the repository mecha 
nisms are useable With different programming languages and 
provide the capability for integrating external softWare tools. 

BRIEF SUMMARY OF THE INVENTION 

[0018] The present invention provides a repository-based 
system for reverse engineering softWare, and is particularly 
suited for legacy softWare systems. 

[0019] The repository-based reverse engineering system 
according to the present invention combines database and 
knoWledge base technologies Which enable the user to 
capture historical information that is required for dealing 
With changes in the softWare system. The repository-based 
reverse engineering system provides the capability to store 
extracted data Without enforcing a predetermined model, to 
make incremental updates to the extracted data, to capture 
knoWledge about programming and the softWare system, to 
provide analysis tools for ?nding structure in the extracted 
data, to interface to external tools such as visualiZation tools, 
and to support export and import of information. The 
repository-based reverse engineering system complements 
existing technologies for data extraction, analysis, and visu 
aliZation by providing uniform access to the data extracted 
from the softWare system and abstract models build from 
this data. Furthermore, historical data, in the form of records 
of operations of the data, Would provide insight into the data 
extraction, generation of models, and the results of previous 
analyses performed on the softWare system. 

[0020] The repository-based reverse engineering system 
features a softWare information infrastructure for managing 
the reverse engineering of computer programs in softWare 
systems. 

[0021] The repository-based reverse engineering system 
provides the capability to integrate heterogeneous informa 
tion sources, to integrate external visualiZation and analyti 
cal tools, and to integrate search and broWsing utilities. 
Advantageously, the storage of semi-structured information 
in the repository supports highly-evolving data manage 
ment. 

[0022] The repository-based reverse engineering system 
includes the folloWing features: a mechanism for ?exible 
graph-based storage of information; and mechanisms for 
creating multiple levels of information abstractions. The 
repository-based system includes scalability support through 
connection to a conventional relational database such as 
DB2TM. The repository-based system also features a ?exible 
search and broWse facility for heterogeneous data sources 
based on pattern matching, structural searching, fuZZy and 
incomplete searching, and similarity-based searching. 

[0023] In one embodiment, the repository-based reverse 
engineering system according to the present invention is 
implemented in the knoWn JavaTM programming language. 
In another embodiment, XML is the speci?cation language 
for the repository-based reverse engineering system. 

[0024] In a ?rst aspect, the present invention provides a 
system for reverse engineering a computer program, the 
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system includes: (a) means for extracting information 
related to source code in the computer program; (b)means 
for storing the extracted information in a semi-structured 
form; (c) means for creating a plurality of representations of 
the semi-structured information; and (d) means for updating 
the semi-structured information. 

[0025] In another aspect, the present invention provides a 
method for reverse engineering a computer program, the 
method comprising the steps of: (a) extracting information 
related to source code in the computer program; (b) storing 
the extracted information in a semi-structured form; (c) 
creating a plurality of representations of the semi-structured 
information, Wherein the representations provide means for 
analyZing the source code. 

[0026] In yet another aspect, the present invention pro 
vides a Data storage media recorded With a computer 
program Which, in combination With a general purpose 
computer con?gured for a system for reverse engineering a 
legacy computer program and said computer being equipped 
to read into memory and execute program data from the data 
storage media, constituting a method in accordance With the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] Reference Will noW be made to the accompanying 
draWings Which shoW, by Way of example, preferred 
embodiments of the present invention, and in Which: 

[0028] FIG. 1 Which shoWs in block diagram form a 
repository-based reverse engineering system for softWare 
systems according to the present invention; and 

[0029] FIG. 2 shoWs in diagrammatic form an edge 
labelled tree for the repository-based system according to 
the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0030] The present invention provides a dynamic semi 
structured repository-based system for reverse engineering 
computer softWare and legacy systems. As Will be described 
in more detail, the repository-based reverse engineering 
system utiliZes data mining and knoWledge discovery in the 
reverse engineering process. Both activities of data mining 
and knoWledge discovery involve extracting data from soft 
Ware systems, analysis of the extracted data, and deriving 
neW knoWledge from existing data or knowledge. The 
repository-based system provides a mechanism, i.e., an 
infrastructure, for managing information about a softWare 
system, including information storage, retrieval, manipula 
tion, analysis and organiZation of heterogeneous data. The 
repository-based reverse engineering system comprises a 
semi-structured approach based on a graph representation 
and manipulation to provide ?exibility. 

[0031] Reference is made to FIG. 1 Which shoWs a 
repository-based reverse engineering system according to 
the present invention for reverse engineering a softWare or 
legacy softWare system 1. The repository-based reverse 
engineering system 10 is indicated generally by 10. As 
shoWn in FIG. 1, the repository-based reverse engineering 
system 10 comprises a relational database 11, a graph-based 
repository 12, a knoWledge base subsystem 14, an informa 
tion retrieval subsystem 16, and a history and replay facility 
module 18. 
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[0032] The relational database 11 is intended primarily for 
long-term storage of extracted data from the softWare system 
1 that provides access control as Well as rudimentary query 
system. 

[0033] The relational database 11 may be implemented 
using a conventional product such as DB2TM from IBM. The 
graph-based repository 12 is a dynamic materialiZation of a 
portion of the relational database 11 that may be needed for 
understanding of the softWare system 1. The graph-based 
repository 12 comprises a complete graph-based vieW of the 
underlying database 11 or a projection of the database 11 
based on a series of queries. The graph-based representation 
provides an extension of the underlying relational database 
11 and is used to abstract information in order to create 
dynamic vieWs and models of the softWare system 1. As 
shoWn in FIG. 1, multiple vieWs 20, shoWn individually as 
20a, 20b and 20c, of the graph-based data repository 12 can 
be constructed using a conventional graph query system as 
Will be Within the understanding of one skilled in the art. The 
vieWs 20 are purely syntactic and present simple abstrac 
tions of the graph-based data repository 12 on the generating 
query. 

[0034] In the repository-based reverse engineering system 
10, the information retrieval subsystem 16, and the knoWl 
edge base subsystem 14 provide assistance in the re?nement 
of the vieWs 20 into abstract models 22. The models 22 are 
shoWn individually as Model 1 (22a) and Model 2 (22b) in 
FIG. 1. The information retrieval subsystem 16 captures the 
vocabulary of the graph-based data repository 12, and pro 
vides a thesaurus, and idioms of the softWare system 1 being 
investigated. The knoWledge base subsystem 14 captures 
semantic information about programming in general, the 
application domain, and the softWare system 1 being ana 
lyZed. It Will be appreciated that the knoWledge base sub 
system 14 complements the syntactic information of the 
information retrieval subsystem 16. The notion of vocabu 
lary and idioms have been investigated predominantly in the 
?eld of automatic programming as Will be understood by 
those skilled in the art. 

[0035] A human user utiliZes the generated vieWs 20 to 
construct the abstract models 22, i.e. higher-level abstrac 
tions. It Will be appreciated that the models 22 or abstrac 
tions are re?nements of the vieWs 20 and are based on input 
24 from the human user, the information retrieval subsystem 
16, and the knoWledge base subsystem 14. The models 22 
can be further analyZed using external tools 26, shoWn 
individually as 26a and 26b in FIG. 1. For example, the 
external tool 26a may comprise a visualiZing tool for 
manually editing the model 22b. The actions of the reposi 
tory-based reverse engineering system 10 are recorded by 
the history and replay facility module 18 and are replayed to 
shoW the construction process of the models 22. The infor 
mation captured in the history and replay facility module 18 
may be used for evaluation of the evolution of the legacy 
softWare system 1 and also for reconstruction of the user 
de?ned vieWs 20. For example, a change in the database 11 
must propagate through the graph-based data repository 12, 
the vieWs 20, and the abstract models 22 that have been 
created from the database 11. It Will be appreciated that such 
a feature is very useful since there Will typically be a series 
of changes in the softWare system 1 and a user’s under 
standing of the system 1 must re?ect these changes. 
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[0036] The repository-based reverse engineering system 
10 includes an external interface 30. The external interface 
30 provides external tools With direct access to the relational 
database 11 through SQL queries, to the graph-based data 
repository 12 through the graph query language provided by 
the repository, and public application program interfaces or 
APIs. The external interfaces 30 provide ?exibility to users 
to integrate their preferred tools With the repository-based 
system 10. 

[0037] In terms of implementation, according to one 
embodiment, the repository-based reverse engineering sys 
tem 10 is implemented in the Well-knoWn JavaTM program 
ming language. This alloWs advantage to be taken of Web 
(i.e. Internet) technology. For the JavaTM implementation, 
information for the source code in the legacy softWare 
system 1 is extracted using the javap utility in the Java 
language. For example, information about ?les and directory 
structures can be extracted using shell scripts as Will be 
Within the understanding of one skilled in the art. Shell 
scripts are then used to construct the graph-based data 
repository 12. Other types of information, such as author 
names, are then manually annotated to the data repository 
12. In another embodiment, the repository-based system 10 
uses XML for data transfer. 

[0038] According to one embodiment of the invention, the 
graph-based data repository 12 is implemented With an 
edge-labelled tree, similar to that found in a UNIX directory 
structure. In the edge-labelled tree, each arc has a unique ID, 
a label, and a set of attributes. The labels are strings of 
characters and need not be unique. The ID uniquely identi 
?es an arc in the tree. The attribute set provides facilities for 
storing information about an arc. Nodes in the tree connect 
arcs in the tree, and contain no information except a refer 
ence to outgoing arcs. The repository 10 also preferably 
includes a table of all labels in the tree With references to 
their corresponding arcs. 

[0039] The graph-based data repository 12 supports soft 
links Which alloWs arcs to connect different sub-trees in the 
tree. Using soft links alloWs the creation of cycles in the 
graph-based data repository 12. Reference is made to FIG. 
2 Which shoWs a portion of an edge-labelled tree 100 for a 
graph-based data repository 12 in accordance With the 
present invention. The tree 100 includes a soft link 101. As 
shoWn in FIG. 2, the soft link 101 links an arc 102 With the 
label “author” (on the left side of the tree 100) to an arc 104 
With the label “classes” (i.e. on the right side of the tree 100). 

[0040] In the tree 100, leaf nodes 110, shoWn individually 
as 110a, 110b, 110c, 110d, 110f, . . . ., may comprise simple 
values such as a number or a string. The value stored at a 

node 110 may be interpreted by other tools, for example, as 
?le names, offsets into a ?le, etc. 

[0041] According to this aspect, the graph-based data 
repository 12 provides facilities for constructing, adding, 
and deleting information. The query engine integrated With 
the repository 12 provides both navigation and searching of 
the tree 100 using arc labels. Searching can be performed 
either on the entire structure, including the soft links (eg 
101), or only on the tree portion 100 of the structure. If the 
searching includes soft links, then the query system utiliZes 
a cycle detection mechanism. Aquery on the data repository 
12 is implemented as a search for a given path string, Where 
a path string is a sequence of labels. For example, the query 
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for “project/classes” identi?es all paths from the root of the 
tree 100 With a ?rst arc 112 having the label “project” and 
a second arc having the label “classes”. In the tree 100, there 
are tWo such paths: the arc 104 and arc 114. 

[0042] To simplify query expressions and make naviga 
tion easier, the repository-based system 10 preferably 
includes a bookmarking facility. In knoWn manner, a book 
mark provides a relative point of reference for query paths. 
For example, if the arc 116 labelled “people” is bookmarked, 
then queries relative to this bookmark can be performed. In 
this case, the query “user/author” expresses all paths from 
the bookmark “people” With labels “user” and “author”. 

[0043] In addition, the folloWing types of queries can be 
performed With the tree 100 shoWn in FIG. 2: a simple 
query, a simple query With Wild card labels, and a regular 
expression query. The simple query speci?es a set of paths 
in the tree 100 that match a given sequence of labels. For 
example, the query “project/people/user” results in tWo 
paths from the root to arcs labelled “user” through the 
sequence of arcs labelled “project” and “people”. The simple 
query With Wild card labels extends the sequence of labels 
With the use of Wild characters such as “*” (Zero or more 

characters), “?” (one character), or “+” (one or more char 
acters). For example, the result of the query “project/peo*/ 
user” is identical to the simple query “project/people/user” 
as described above. The regular expression query alloWs a 
Wild character to be used for a number of labels. The 
character “*” refers to Zero or more levels With any labels. 

The character “?” refers to one level With any label, and the 
character “+” refers to one or more levels of any label. For 
example, the result of the query “project/people/*/name” is 
all paths from the root to arcs labelled “name” such that the 
?rst tWo levels are labelled “project” and “people” respec 
tively. 
[0044] It Will be appreciated that the graph-based data 
repository 12 according to this aspect of the invention 
provides a simple and unstructured mechanism for storing 
information about the softWare system 1. The information 
can be incrementally added to the repository and a history of 
the operations performed can be recorded or logged in the 
history and replay facilities module 18. Furthermore, con 
ventional syntactic query tools alloW for further exploration 
of the graph-based data repository 12. The repository-based 
system 10 also keeps a dictionary in the information 
retrieval subsystem 16 of all labels in the data repository 12 
that can possibly be used by external information retrieval 
tools. 

[0045] In summary, the repository-based reverse engineer 
ing system 10 according to the present invention preferably 
includes the folloWing features: support for the storage of 
large volumes of data gathered from various types of sources 
using various extraction tools; support for incremental build 
ing and updating of models; fast and reliable query facilities 
that can be used for manipulation of the data; facilities for 
representing softWare and programming knoWledge that can 
be used for constructions of high-level query facilities; 
facilities by Which users can de?ne “metrics” (i.e. quanti 
tative measures) on the data store; history and replay mecha 
nisms that can be used for re- creation of user de?ned vieWs; 
Well-de?ned interfaces by Which external tools can commu 
nicate With the repository. 

[0046] The present invention may be embodied in other 
speci?c forms Without departing from the spirit or essential 



US 2001/0042067 A1 

characteristics thereof. Therefore, the presently discussed 
embodiments are considered to be illustrative and not 
restrictive, the scope of the invention being indicated by the 
appended claims rather than the foregoing description, and 
all changes Which come Within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

The embodiments of the invention in Which an exclusive 
property or privilege is claimed are de?ned as folloWs: 
1. A system for reverse engineering a computer program, 

said system comprising: 

(a) means for extracting information related to source 
code in the computer program; 

(b) means for storing said extracted information in a 
semi-structured form; 

(c) means for creating a plurality of representations of 
said semi-structured information; and 

(d) means for updating said semi-structured information. 
2. The reverse engineering system as claimed in claim 1, 

Wherein said means for storing said extracted information in 
a semi-structured form comprises a graph-based data reposi 
tory. 

3. The reverse engineering system as claimed in claim 2, 
further including means for searching said graph-based data 
repository. 

4. The reverse engineering system as claimed in claim 3, 
Wherein said means for searching includes means for per 
forming a regular expression search on said graph-based 
data repository. 

5. The reverse engineering system as claimed in claim 4, 
Wherein said means for searching includes means for per 
forming similarity-based retrieval searches on said graph 
based data repository. 

6. The reverse engineering system as claimed in claim 2, 
Wherein said representations comprise one or more vieWs of 
said semi-structured information contained in said graph 
based data repository. 

7. The reverse engineering system as claimed in claim 6, 
further including means for creating another level of repre 
sentations on top of said vieWs. 

8. The reverse engineering system as claimed in claim 1, 
further including relational database means for storing said 
extracted information and relational query means for que 
rying said extracted information stored in said relational 
database means. 

9. The reverse engineering system as claimed in claim 1, 
further including an interface for interfacing external tools to 
provide access to said extracted information. 
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10. The reverse engineering system as claimed in claim 9, 
further including a knowledge subsystem for storing de? 
nitional data related to said extracted information. 

11. The reverse engineering system as claimed in claim 
10, further including a trace and replay subsystem for tracing 
and replaying operations associated With said extracted 
information. 

12. The reverse engineering system as claimed in claim 
10, Wherein said knoWledge subsystem comprises a dictio 
nary of labels for use by external information retrieval 
systems. 

13. A method for reverse engineering a computer pro 
gram, said method comprising the steps of: 

(a) extracting information related to source code in the 
computer program; 

(b) storing said extracted information in a semi-structured 
form; 

(c) creating a plurality of representations of said semi 
structured information, Wherein said representations 
provide means for analyZing said source code. 

14. The method as claimed in claim 13, Wherein said step 
of storing comprises storing said extracted information in a 
graph-based data repository. 

15. The method as claimed in claim 14, further including 
the step of searching said graph- based data repository, said 
step of searching including performing a regular expression 
search or similarity-based search. 

16. The method as claimed in claim 15, Wherein said step 
of creating representations comprises constructing one or 
more views of said semi-structured information contained in 
said graph-based data repository. 

17. The method as claimed in claim 13, further including 
the step of storing said extracted information in a relational 
database. 

18. The method as claimed in claim 17, further including 
the step of performing relational queries on said extracted 
information stored in said relational database. 

19. The method as claimed in claim 18, further including 
the step of extracting information from said relational que 
ries and storing said extracted information in said graph 
based data repository. 

20. Data storage media recorded With a computer program 
Which, in combination With a general purpose computer 
con?gured for a system for reverse engineering a legacy 
computer program and said computer being equipped to read 
into memory and execute program data from the data storage 
media, constituting a method in accordance With any of 
claims 13, 14, 15, 16, 17 or 18. 

* * * * * 


