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ABSTRACT 

--------------------------------------------------------------------------------------------------------------------- 

In this paper we presented an overview of a Reverse engineering concept by studying different 

available reverse engineering tools. Paper consist a deep study and assessment of two very 

famous tool of this field that is RIGI and Imagix 4D. This assessment helped us to find out 

advantages and limitation of both tools.      
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1. INTRODUCTION 

Reverse engineering concept came from the problem of legacy system. Legacy system migration 

encompasses many research areas. A single migration project could, quite legitimately, address 

the areas of reverse engineering, business re engineering, schema mapping and translation, data 

transformation, application development etc. 

Reverse engineering is the process of discovering the technological principles of device, object 

or system through analysis of its structure, function, and operation.  

Software Reverse engineering is one of the fields that allows developers and maintainers to do 

things easily and saves money and time both. 

The Reverse engineering tools help software engineers to analyzing and understanding a 

complex software system (fig 1.1).  
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Fig 1.1 Reverse and Forward Engineering Concept 

Reverse engineering is motivated by many things like Interfacing, Military or commercial 

purpose, to improve documentation short coming, obsolescence, software modernization,  

product security analysis, bug fixing, creation of unlicensed, unapproved, duplicated, academic 

or learning purpose, competitive technical intelligence, saving money. For performing reverse 

engineering on a system many tools are available in the market. 

 

 In this paper we study reverse engineering concept and tools. After understanding Reverse 

engineering concept we assist some tools to understand the analyzing way of tool and study their 

results which help us to understand the system. The assessment of tool will help the developers 

to improve their mechanism of tools.  

 

2. BRIEF INTRO OF DIFFERENT TOOLS 

The reverse engineering community has developed many reverse engineering tools— including 

Bauhaus, Columbus, SNIFF++, Code Crawler, GUPRO, SolidX, Rigi, Defacto and IMAGIX 4D, 

Enterprise Architect, CPPX etc. We can categories tools on the basis of language, in which they 

can perform reverse engineering task. Importantly, most of these reverse engineering tools have 

similar software architecture, consisting of several components with standard functionalities: 

extractor, analyzer, visualizer, and repository. The extractor, analyzer, and visualizer components 

reflect the reverse engineering activities of extraction, analysis, and synthesis, respectively. [1] 

We study some famous reverse engineering tools each of which represent different category of 

reverse engineering tools: 

 

Bauhaus: Bauhaus offers a wide range of techniques: source code metrics, pointer analyses, 

side-effect analyses, data flow analyses, program slicing, code duplication techniques, static 

tracing, query techniques, source code navigation and visualization, object recovery, re-

modularization, architecture recovery techniques, Bauhaus lets you resolve the pointers statically 

through an automatic analysis. For large programs, it is very difficult to trace all the function 

calls and not to get lost. Bauhaus uncovers all side effects statically through an automatic 

analysis.  Bauhaus analyze Uncover Side Effects, Control and Data Dependencies, Harmless 

pointers, Detect Code Clones, Measure Code Attributes, Lines-of-Code-per-Function Metric, 

Cyclomatic Complexity Metric, Nesting Metric, Detect Dead Functions, Find uninitialized 

variables, Static object tracing, Component mining.[3] 

 

Columbus: Columbus is able to analyze large C/C++ project sand to extract facts from them. 

Columbus is a frame work tool which supports project handling, data extraction, data 

representation, data storage, altering and visualization. All these basic tasks of the reverse 

engineering process are accomplished by performing. The parsing of the input source code via 

the C/C++ extractor plug-in of Columbus, which invokes a separate program called CAN (C++ 

Analyzer). CAN is a command line application for analyzing C/C++ code. This allows its 

integration into the user's make files and other configuration files, thus facilitating automated 



International Journal of Computer Application (2250-1797)  

Volume 5– No. 5, August 2015 

56 
 

execution in parallel with the regular software build process. In essence CAN accept one 

complete translation unit at a time (a preprocessed source file) and for files that are not 

preprocessed a preprocessor will be invoked. The actual results of CAN are the internal 

representation files, which are the binary saves of the internal representations built up by CAN 

during extraction. These files will be linked (merged together) by CANLink, the command line 

linker for CAN. CAN is able to instantiate templates at source level, which is accomplished 

using a two-pass technique in program analysis. The first pass only recognizes the language 

constructs in connection with the templates (like a "fuzzy" parser) and instantiates them. The 

second pass then performs the complete analysis of the source code and creates its internal 

representation. The C++ language processed by the analyzer meets the ISO/IEC standard of 1998 

[4].  

CAN supports the precompiled headers technique as well, which is widely used by compiler 

systems in order to decrease compilation time. This technique is efficient especially in case of 

large projects. The parser is fault-tolerant (it has the ability to parse incomplete, syntactically 

incorrect source code), which means that it can carry on with the analysis from the next parsable 

statement after the error. [4] 

 

Rigi: Rigi is an interactive, visual and public domain tool Developed in Rigi Research Project at 

the University of Victoria (Hausi A. Muller). It is designed to help you better understand and re-

document your software. Rigi includes parsers to read the source code of the subject software 

and produce a graph of extracted artifacts such as procedures, variables, calls, and data accesses.  

To manage the complexity of the graph, an editor allows you to automatically or manually 

collapse related artifacts into subsystems. 

The first phase of the reverse engineering process, the extraction of software artifacts, is 

language-dependent and essentially involves parsing the source code and storing the artifacts in a 

repository. Rigi parsing system currently supports the programming languages C, COBOL, and a 

proprietary IBM system-programming language. It uses GRAS, a database specially designed to 

represent graph structures, as a central repository to store the parsed artifacts Brandes and 

Lewerentz, 1985. The software engineer can then manipulate the stored artifacts through an 

interactive graph editor. Initial resource flow graph generated by parsing system is static and 

unique [4].Rigi has a number of pre-defined models (e.g., for C and C++) and accompanying 

parsers that can extract information from the subject system and store this information in Rigi’s 

exchange format. [5]  

Rigi's fact extractors target source code exclusively. Both the C (cparse) and Cobol (cobparse) 

parsers are based on Lex and Yacc. There is also a C++ parser (vacpp parse) that is built on top 

of IBM's Visual Age compiler. There are also fact extractors developed by other groups that 

support Rigi (e.g., Columbus's C/C++ parser and SHriMP's Java extractor).[5] 

 

Imagix 4D: Imagix 4D developed to provide a solution for C, C++ and Java developers, It helps 

you reverse engineer software that is large, complex, unfamiliar or old, by automating the 
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analysis and browsing of your code.  You're able to achieve faster and more accurate program 

understanding by more readable representation generated by the tool. This resulting in fewer 

software defects while requiring less investment of precious engineering resources in 

development process. Tool presents this key information on software in a 3D-graphical format 

which enables the user to quickly focus on particular areas of interest. [2] 

Imagix 4D, like Refine/C, provides an excellent parser and the generation of projects is well 

supported by the tool (e.g. project definition by file, directory, makefile, reparse and incremental 

parsing, etc.). The tool has a good user interface and is easy to use. The context sensitive online 

help and the tutorials contributed to make the learning curve a lot steeper than in the other tools. 

It provides the most number of views of all the evaluated tools and it owns the best set of 

supporting capabilities (e.g. search engine, integrated editor with highlighting and great browsing 

capabilities, etc.). The generated views were sometimes too big and complex to be of real use, 

but because of a lot of capabilities to manipulate them (e.g. filters, scopes, groups, etc.) they 

could be well tailored to the task or problem at hand. Additionally the views could be saved 

during a session to be used for further reference or to be the starting point for a new view (the 

views can be used to save selections). Especially the queries for the source code that are 

provided proved very useful (e.g. to comprehend the program faster). Another capability that is 

only provided by Imagix 4D is the automatic generation of documentation from the source code. 

It allows generating HTML documentation which can then be browsed. Document generation is 

not so rich in Imagix 4D. What is also provided by Imagix 4D is the import of additional data 

sources (graph profile data - gprof and test coverage data - tcov) that can then be related to the 

views (e.g. to show the test coverage results in a call graph). Two major capabilities that are 

missing are a way to extend the tool and to generate graphical views that are also useful in 

printed form. [2] Imagix 4D tool has a powerful parsing capability including documentation 

generation. 

 

Enterprise Architect: EA is a scalable, multi-user, visual tool with a rich feature set. Enterprise 

Architect provides reverse engineering support for a number of popular programming languages. 

However, if the language you are using is not supported, you can write your own grammar for it, 

using the in-built Grammar Editor. You can then incorporate the grammar into an MDG 

technology to provide both reverse engineering and code synchronization support for your target 

language.  

Enterprise Architect uses a variation of Backus–Naur Form (nBNF) to include processing 

instructions, the execution of which returns structured information from the parsed results in the 

form of an Abstract Syntax Tree (AST), which is used to generate a UML representation.[7] 

 

3. ASSESSMENT CRITERIA 

Assessments or an evaluation needs criteria or parameters on which we can perform this task.  

While doing literature survey we found some authors defined criteria for the assessment of the 
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reverse engineering tool. We took Berndt Bellay and Harald Galldefined criteria for our 

assessment work which is the best suitable for our Aim.      

[Berndt Bellay and Harald Galldefined] A set of assessment criteria in four main categories: 

analysis, representation, editing/browsing and general capabilities to evaluate the capabilities of 

the above four tools [Bellay and Gall, 1998]. 

Analysis: The parser is the core subsystem of every reverse engineering tool. The results of the 

parsed source code, i.e. the representation from which all the views are created, depends on the 

abilities of the parser. Parts of the source code that are not parsed or parsed incorrectly will affect 

all the generated views. [2] So in these criteria we talked about the parser ability to parse the 

source code. 

Representation or Import /Export: The capability of importing existing projects and exporting 

to various formats of presentation. [2] Representations are divided into textual and graphical 

reports, and properties of these reports, and are assessed based on their usability [2] 

Textual (tabular, formatted, etc.): This provides a list with different textual reports, which are 

evaluated for each tool on their usability and completeness. Graphical (2-, 3-dimensional): This 

provides a list with different graphical reports, which are evaluated for each tool on their 

usability and completeness. 

Editing/browsing: The editing/browsing capabilities are essential because the user often 

switches the abstraction level from the generated views to the actual source code. The text 

editor/browser should therefore provide means to facilitate browsing the source code. [2] 

General capabilities: General capabilities span a wide range from supported platforms to 

online-help. User interface, extensibility, storing capability, multi-user support, among other 

things [2] 

 

4. DETAILED STUDY OF IMAGIX 4D BASED ON CRITERIA 

We already mentioned basic assessment criteria categories for the reverse engineering tools. This 

section contains the assessment of the four tools Based on the definition of the criteria. 

 

4.3.1 Analysis 

Rigi: The first phase of the reverse engineering process, the extraction of software artifacts, is 

language-dependent and essentially involves parsing the source code and storing the artifacts in a 

repository. Rigi parsing system currently supports the programming languages C, COBOL, and a 

proprietary IBM system-programming language. It uses GRAS, a database specially designed to 

represent graph structures, as a central repository to store the parsed artifacts Brandes and 

Lewerentz, 1985. The software engineer can then manipulate the stored artifacts through an 

interactive graph editor. Initial resource flow graph generated by parsing system is static and 

unique [4].Rigi has a number of pre-defined models (e.g., for C and C++) and accompanying 

parsers that can extract information from the subject system and store this information in Rigi’s 

exchange format. [5]  
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Rigi's fact extractors target source code exclusively. Both the C (cparse) and COBOL (cobparse) 

parsers are based on Lex and Yacc. There is also a C++ parser (vacpp parse) that is built on top 

of IBM's Visual Age compiler. There are also fact extractors developed by other groups that 

support Rigi (e.g., Columbus's C/C++ parser and SHriMP's Java extractor).[5] 

 

Imagix 4D: Imagix 4D, like Refine/C, provides an excellent parser and the generation of 

projects is well supported by the tool (e.g. project definition by file, directory, makefile, reparse 

and incremental parsing, etc.). The tool has a good user interface and is easy to use. The context 

sensitive online help and the tutorials contributed to make the learning curve a lot steeper than in 

the other tools. It provides the most number of views of all the evaluated tools and it owns the 

best set of supporting capabilities (e.g. search engine, integrated editor with highlighting and 

great browsing capabilities, etc.). The generated views were sometimes too big and complex to 

be of real use, but because of a lot of capabilities to manipulate them (e.g. filters, scopes, groups, 

etc.) they could be well tailored to the task or problem at hand. Additionally the views could be 

saved during a session to be used for further reference or to be the starting point for a new view 

(the views can be used to save selections). Especially the queries for the source code that are 

provided proved very useful (e.g. to comprehend the program faster). Another capability that is 

only provided by Imagix 4D is the automatic generation of documentation from the source code: 

It allows generating HTML documentation which can then be browsed. Document generation is 

not so rich in Imagix 4D. What is also only provided by Imagix 4D is the import of additional 

data sources (graph profile data - gprof and test coverage data - tcov) that can then be related to 

the views (e.g. to show the test coverage results in a call graph).Two major capabilities that are 

missing are a way to extend the tool and to generate graphical views that are also useful in 

printed form. [2] Imagix 4D tool has a powerful parsing capability including documentation 

generation. 

 

4.3.2  Representation 

 Rigi: In any reverse engineering process to analyzing large amounts of source code is firstly 

identify system abstractions and, in particular, to determine and recover overall structure and 

architectural design respectively. These subsystem composition facilities and measures supported 

by the Rigi systems can be used to summarize, analyze and optimize software structures such as 

call graphs, data dependency graphs, module graphs, include dependency graphs, and directory 

hierarchies. Rigi environment works on layered structure so it helps to discover, compose, 

explore, visualize, and analyze layered subsystem structure. [4] 

Rigi defines the Rigi Standard Format (RSF), which has been adopted by a number of other tools 

as well. RSF has inspired other tuple -based formats such as Holt’s Tuple Attribute language 

(TA). Rigi’s graph model was also inspirational for the Graph Exchange Language (GXL). [13] 

 

Imagix 4D: Imagix 4D has a good user interface and provides views to rapidly check and 

systematically study software at any level of abstraction ranging from high-level design to the 
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details of its build, class, and function dependencies. Window allows reverse engineer to 

visualize extracted facts in the form of charts and graphs. Imagix 4D supports both 2D and 3D 

representation.  Imagix 4D 3D-graphical format enables the user to quickly focus on particular 

areas of interest. By using three dimensions the graph does not get that broad. Using the rotate 

and zoom functions the graph can be viewed from all sides and the entities can be identified. The 

disadvantage of this smaller graph is that highly connected graphs get complicated and 

unreadable. [2] 

 

4.3.3 Editing/Browsing 

Rigi: Rigi has a visualizer that enables the reverse engineer to view the extracted information 

from the subject system as a directed graph. The core of Rigi is a graph editor named as Rigiedit 

placed in Rigi’s bin. In this graph window entities are represented as nodes and relationships as 

arcs between two nodes. This graph can be iteratively explored and interactively manipulated by 

the reverse engineer by some provided functionalities like zooming, lay outing, filtering, and 

summarizing.  

The visualizer has a multi-window approach. This multi window visualizer allows the reverse 

engineer to create different views of the graph. These views are synchronized; for example, 

selecting a certain node in one view also selects the node in all the other views   [5]. This 

synchronization allows viewer to concentrate on a particular part of system in every abstracted 

views.   It uses a colorful, interactive, graphical interface, shorting the learning curve, and 

making the user more productive in less time.   

 

Imagix 4D: The graphs can either be viewed top-down or bottom-up and the views are layered 

according to this selection. All entities viewed in the graph are also shown in context to the files 

and directories in the text window. The graph can be manipulated by hiding or isolating 

selections made and also by grouping of the selected entities to one entity. This grouping 

function is very useful because functional groups can be combined to one entity and can then be 

observed in interaction with the rest of the graph. Another advantage is that such groupings help 

to make the graph smaller and more understandable. In contrast to Rigi, Imagix 4D does not 

provide layered views based on these groupings and these groupings cannot be saved between 

sessions. Selections can be made in any of the views and then used to limit the scope in the next 

created view (e.g. selecting a C files in the file view and hiding it creates a call graph without the 

functions in this file). 

 

4.3.4 General Capabilities 

Rigi: Rigi is very flexible because Rigi’s feature of extensibility does not limit you by using only 

fixed array of data gathering, organization, analysis , and presentation techniques. Rigi’s 

approach to reverse engineering is based on end-user-programming. Rigi runs on several 

platforms. Supported platforms are windows 98, 2000, NT and xp, Linux 2.0 System (ix86), 

IBM AIX 4 System, SunOS 4 System, Solaris. Output capability of rigi is good it also provide 
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facility to save graphs and views to see them again and again as per needed without parsing the 

source code again. This functionality saves the time of analyst. Search capability. Rigi provide 

online help via rigi’s website other then this tool doesn’t provide any user guide tour but it 

provides demo with the explanation of the generated graphs.[6][9]  

 

Imagix 4D: once u export project in Imagix 4D, the tool store all information about your project 

in its database. This shows a powerful storing capability of the tools. Tool supports multiple 

platforms HP-UX, Linux, Solaris, and Windows XP/Vista/Win7/Win8. Output capability, file 

index, graph window and other tabs make searching easy. Other then online help tool provides 

user guidance, tour and help window for the new user.  History of browser [6][8] 

 

5. CONCLUSION 

Reverse engineering is very popular area of research. Most of the organizations take interest in 

this field only because it provides assistance to save time, manpower and money.    

To encapsulate what we have covered in this study on the basis of assessment criteria, we 

summarize our assessment result bellow. In result we mainly focused on the graphical 

representation. [7]  

 

Table1. Conclusion of Assessment 

 Rigi Imagix 4D 

Analysis(Parser) Good Good 

Representation: 

Textual:  

Report 

 

 

Graphical: 

Call graph 

Control flow graph 

Data flow graph 

Entity Relationship Diagram 

Data structure diagram 

State Transition graph 

System Architecture 

Other Diagram 

Gives information about node, 

interface like Node name, node type, 

and about incoming and outgoing arc 

and, window statistic, cyclomatic 

complexity. 

 

No 

No 

No 

No 

No 

No 

Yes 

Forward, Reverse Tree, Overview Of 

Subsystem, Neighbor, children and 

parent information 

 

 

 

 

 

 

Yes 

Yes 

No 

No 

No 

No 

Yes 

Collaboration, 

Class, Function 

call, file call. 

Editing/Browsing Not attractive, use node for 

representation and shrimp 

Very good and 

Easy 

General Capabilities Acceptable Good 
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As we see the table to the left, Imagix 4D found more powerful tool then Rigi. But some time it’s 

easy to understand system via Rigi. Imagix 4D have rich environment then rigi and also satisfies 

more assessment criteria then Rigi. But both the tool has limitations like some handmade 

diagram is not same as generated diagrams. We studied two tools to understand the concept of 

reverse engineering and finding the best tool of them. We know the reverse engineering tools are 

used to understand complex software system by analyzing the source code. Source code gives up 

to date information. So that we can also have information about the changes performed on 

system but somehow missed in documentation. Our study on Rigi and Imagix 4D reverse 

engineering tool gave us a good knowledge of reverse engineering and also helps to understand 

how to prepare reverse engineering documents. As we studied we found that Imagix is more 

understanding and easy use tool then Rigi. Most of the limitations of Rigi are removed by Imagix 

4D. But in other hand Imagix 4D also has some limitations. 
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