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Abstract— Conversion of legacy software applications into a main features and includes data abstraction, informatidna h
new technology platform is common in many of today's ICT ing, and inheritance. This facilitates system maintailitgi
(Information and Communication Technologies) companies. The and enables software reuse, thus contributing to the ineprov

objective is to improve performance, as a result of modeling t of th ft , uti Th h h
important aspects and features through the development of ment o € sonware's evolution. € approach, however,

conversion technologies. Much focus has been made on devishas limitations, including: difficulty in reverse engineey of
ing efficient methodologies in software architecture research. sophisticated inheritance hierarchies (together wittymol-

This paper presents a combination of round-trip engineering phism) and strict encapsulation of the generation of peivat
(RTE) and use of JavA Language Conversion Assistant (JLCA) class attributes.

to migrate legacy software applications developed in multiple .
programming languages into a uniform object-oriented platform. The slicing-based approach [15] on the other hand, allows

This re-engineering process is applied to MB-Risk Management's rapid reuse of the existing architectural design resourtges
BLUE™ Financial System software. An automated process is problem is that it mainly focuses on the architectural side a

derived to migrate code from VJ++ (Visual Java™), C, and C++  not on implementation. Thus, this method is not really siéta
(as used in BLUE™) to a consistent C# platform. The results ¢, converting software between platforms
of conversion show an overall efficiency of 93% of full code Unified Modeling L UML) 110 'h b o
conversion for this automated process. L ) N elrlg anguage ( i ) [10] a_s_ ecoml a
factodesign tool in the industry. Using UML, it is possible to
l. INTRODUCTION translate up Fo 80% of the code by providing only about 20%
_ o _ of the modeling diagrams.

Conversion of_Iegacy soft\_/vare applications into a new tech- Round-trip engineering (RTE) [11] is considered to be the
nology platform is common in many of today’s ICT (Informamost efficient re-engineering approach. Its advantagésdac
tion and Communication Technologies) companies. Oftes, thutomation of the design process of an application, auiemat
pbjectlve is to improve performance, as a result of modelingrivation of an application’s implementation, automatjs:
important aspects and features through the developmentdating of design documents, and the ability to update the

conversion technologies. Sometimes, the objective istw&® jmplementation without loss of manually-created code.
software from an obsolete, unsupported environment int on

which is current and fully supported to allow the software to  !l. AN OVERVIEW OF ROUND-TRIP ENGINEERING

continue to be maintained. The round-trip engineering process [3] was created as a
Much of the focus has been on devising efficient methodolgesult of merging two main processes, reverse and forward

gies in software architecture research, including: resegying engineering. The complete process is illustrated in Figure

class hierarchies using concept analysis, capsule-eder@ (next page). It is formally defined as:

verse engineering, generating different views of a modiglgus  Definition 1: Let D be the design of a produd®. Let R

a slicing-based approach, and round-trip engineering. be a reverse engineering procedure such &d) = D. And
Re-engineering class hierarchies [12] increases quality flet g be a product generation procedure such g{d@) = P,

tors such as low coupling and high cohesion, but requirésen if g|R(P)] = P, and thusR[g(D)] = D, then (g, R)

large numbers of complex analytical computations. Oftetefines a complete round-trip engineering process.

the resources necessary to fully conduct this analysis areNotice that the reverse and forward engineering processes

unavailable to the company, so other approaches must be used interrelated—the outcome from either process is used as
Capsule-oriented reverse engineering [1] involves the usgut to the other. Each process is distinguished in a simple

of object-oriented mechanisms to determine an applicationvay. Forward engineering, for instance, involves genegati
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Fig. 1. The Round-Trip Engineering (RTE) process.

one or more software products that are closer in form and
level of detail to the final system when compared to its inputs
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Reverse engineering, on the other hand, involves gengratin o -
one or more software designs having the same abstractdetail - "

as the original system, but are possibly presented in areliffe
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form than the original input artifacts; the goal being toaesr i
any information lost in the forward process. i T2 e

Reverse engineering is first used on the entire application t
extract its components and the associated relations ant®ng i
classes in the form of class diagrams which help translate th
design into a specific language. The class diagrams arelyisual
not enough to generate a full conversion of the system, leyt th
convert the most important parts: relations between céasse
attributes, and headers of the methods. Therefore, they are
used, together with language-conversion software, to daiw
engineer the application into the target language.

Much research has focused on RTE. In [4], different views
of class diagrams are presented using the RTE process with
FUJABA (From Uml to Java And Back Again) software as
a CASE (Computer-Aided Software Engineering) tool. In [6],
some of the important issues relating to automating the RTE
process are clarified. In [5], different CASE tools are coregda
by their outcomes with respect to various issues. In [8], RTE
was considered as a method for enhancing UML by assessix
its suitability for modeling the architectural conceptsheT w
result was a UML Analyzer, which provides automated suppo?{
for both forward and reverse engineering using UML clad§
diagrams.

I1l. REVERSEENGINEERING OFBLUE™
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Fig. 2. Tree view of the BLUE project

The reverse engineering of the BLUE application was done
ing Enterprise ArchiteEY UML tools. Reverse engineering

ks in the following manner: The execution path of the
iginal code is given to the CASE tools. Some tools also
quire the type of the language to which the code is to be
converted. When the process starts, each file is imported into
the CASE tool's data and converted into its corresponding
class diagram.

Some UML tools extract more diagrams allowing the gen-
In the initial phase, the system consists of multiple coneration of sequence diagrams and transition and collabarat
ponents. Some UML notations describe this state as a claésgrams [9]. Extracting more diagrams allows more code to
tree hierarchy. Figure 2 shows the tree view of the BIWE be generated inside the bodies of methods with a class; this

project. The tree hierarchy is then iterated into a clasgreia
— one of the 9 standard UML diagrams.

leads, naturally, to a fuller conversion of the code between
source and target languages. However, extraction of mare th



TABLE |
FORWARD ENGINEERING OF THEAL| B_MONI TOR1 CLASS FROMC++ CODE TOC#

The old C++ Blue &l i b_noni t or 1) code The Converted C# Blual(i b_noni t or 1) code
#i ncl ude "stdafx. h" /] Static Mdel
#i ncl ude "resource. h" usi ng External Cl asses;
#i ncl ude <initguid. h> public class Uility
#include "alib_nonitorl. h" {}
#include "alib_nonitorl_j.c" public class alib_nonitorl
#i nclude "AlibMnitorl. h" {}
const DWORD dwTi meCut = 5000; public const External Casses. DAWORD
/1 time for EXE to be idle before shutting down dwTi nreQut = new 5000;
const DWORD dwPause = 1000; public const External Cl asses. DANORD
/] time to wait for threads to finish up dwPause = new 1000;
stati c DWORD W NAPI public static DWORD
Moni t or Proc(voi dx pv) Moni t or Proc(voi d* pv)
{
CExeModul ex p = (CExeMbdul ex) pv;
p- >Moni t or Shut down() ; The body does not get converted
return O;
} }

one class diagram through reverse-engineering is a compéexch as Rational Ro5%, support more than 20 programming
process. In fact, many of today’s CASE tools support onlanguages. Table | gives a snapshot of a forward engineering
the extraction of one class diagram from the code [103f theal i b_rnoni t or 1 class from C++ code to C# code.
FUJABA [14] is a CASE tool thatloessupport the extraction  Java Language Conversion Assistafit(JLCA) is an addi-
of more than one class diagram, but it only supports RTE @nal tool used to achieve this goal. JLEAcompares favor-
Java applications. ably to many of today’s UML CASE tools and has additional
After importing all the files, a tool is used to determindeatures, such as flexibility, framework integration, arudly
relations between the classes. The purpose is to deterlrénedonversion. JLCAM was originally designed by Microsdif
relations of each class with all other classes. This is why &br the conversion ofAvA and VJ++M applications into C#—
class diagrams were generated at the beginning. In the fieahbling the merging of the applications into the Neframe-
stage, a class diagram is created for each folder or workspamwrk in the easiest possible way. JL&Ais very powerful in
according to the options stated at the beginning of the gcecode conversion and it successfully converted, in full, 1565
The main outcomes of reverse engineering were class diava files of BLUE™.
grams showing the different interactions of the classe$én t Due to differences in architecture between theal and
software. These interactions include relations betwe#ferdi C# environments, some conversions still must be made manu-
ent classes like associations, aggregation, and geratiatiz ally. Upgrade issues are concerned with unconverted fields.
The class diagram presents a full static design of the systaupgrades-to-do are concerned with logical differences, or

leading to full understanding of its architecture. changes in certain values as a result of the conversion ggpce
™ for example, the file was successfully converted, but the
IV. FORWARD ENGINEERING OFBLUE naming, or return value was changed. This could easily &ffec

Reverse engineering allows us to extract the full analygige logic of the code, sometimes causing compilation errors
model of the system. It provides an object-oriented anslgsi Upgrade notes give the programmer an indication of what
the system by autogenerating class diagrams from the atigighanges were made in the conversion process. Moreover, a
source code. The model is a class diagram with all relatiorgport is generated showing each one of 1505 files’ conversio
and associations. Even with this, a full conversion into €# $tatuses. It explains if a file was fully converted or if there
not possible, but it does generate an integrated archidctuwvere any issues in its conversion. Figure 3 (next page)
design for the system. Thus, code generation is not fulgows a sample of the report for two filedssert . j ava
complete. In fact, this generation procedure cannot gémerand Box. j ava, which were converted téssert. cs and
the body of the methods within the code. It should also H80x. cs. We see that thé\ssert file was fully converted
noted that the extracted class diagram is abstract and @weswithout any problem, while th@ox file was converted with
model the code in detail. It only models relationships betwe 53 issues.
the code, its attributes, and methods. Therefore, langoage  The generated code is similar to the original code in a
version software is used to perform the conversion of theecodumber of ways. The comments for example are not changed,
imbedded within the body of methods in each correspondiisg tracing of new code will be easy to programmers of the
class. original code.

Forward engineering is applied after extracting the classin addition, an upgrade report of the whole system is
diagram. This gives almost unlimited capabilities to gateer generated. This shows all issues that couldn’t be resolved o
code into any language that the tool supports. Some toatsight have been in the original code, see Figure 4 (next page)



Conversion Report for src.vip

Time of Conversion: 4/18/2005 1:40 FM

List of Project Files

New Filename Original Filename Status Errors Warnings Total Is:
[# {Global Issues) 1] 7 7

[# Assert.cs Assert.java Converted o o o

[+ Box.cs Box.java _Converted with 53 o 53

I1ss5ues

Fig. 3. A part of the generated report showing the statuseéwofof the converted files

Upgrade report for src.vjp

Rational RosE is not integrated with VS.N&{' and does

- not support RTE for C# or VB.N&. However, IBM also
Project was upgraded with 3lisies produces Rational XDB! which has very close integration
Listof upgrade issues with VS.NefM. It is hosted entirely within the user interface
provided by VS.Net". In addition, it shares the same menu

= ; structures, interface, and usage metaphors as the V&' Net

oot s s cveese Microsoft Visio™ is included within the VS.Né¥ pack-
T age, but is only loosely coupled with it. Menu items can be
e o e added to VS.Nét to activate modeling functionality.

Another tool is Together Softwal¥, originally designed
Fig. 4. Upgrade report showing different issues in the cmsive process for Borland™ applications. It provides very good integration
with VS.Net™ through Together Edition for VS.NB{ that
integrates Together Control Cent¥érwith VS.Net™ [13].

Another benefit is that the generated code is located in thep contrast with the previous tools, Enterprise Architct
same folder names as the original ones—different paths g very well integrated with VS.N&Y.

used to avoid overwriting the original code.

V. COMPARING CASE TooLs B. Round-Trip Engineering support

Lately the number of conversion tools supporting RTE has Modeling and coding are separate activities in the software
increased dramatically. These include: Rational R¥sand development process. The application is first modeled agwl th
Rational XDEM, known for its powerful architecture andth€ code is generated. The process of implementing the model
visual modeling; Microsoft" Visio™, a comprehensive tool 1S Simplified usmg.forward engineering, which aut.c?matg.cal
for building and designing applications; FUJABA (From umML9enerates cgde directly from the strugture spguﬁed by the
to Java And Back Again), a public domain prototype toomodel. A_ major step has come Wlth_th_e introduction of reverse
that especially supports RTE for UML class and behavior§ngineering, which analyzes an existing code base and-trans
diagrams to and froma¥a; Multi-language UML modeling 'ates itinto UML model elements: classes, attributes, osh
solutio™; and Enterprise ArchiteBf, a modeling tool that intérfaces, and others. Reverse engineering is a popualaurée
supports 8 of the 9 UML diagrams and also supports RTE 6f mod_ellng tools .b.ecause it enables_ the mode_llng of legacy
many languages including VB.N& and C#. code Wlt_hout requiring a preconstruction of the initial rebd

Even though many researchers have compared UML todfsmodeling tool that can seamlessly blend forward and revers
most of the comparisons were done on the basis of numis&idineering is said to support round-trip engineering.sThi
of classes, number and type of associations, and the Wayfecgture enablles independent changes to _the cpde and modgl to
handling these interfaces [5]. In contrast to the work pesly ©€ synchronized. A developer can work in whichever domain
done in this field, the comparisons here will be done of$ Mmore productive and see the results of the changes in the
integration with Visual Studio .N&Y', support for round-trip Other domain. The degree of support for round-trip enginger
engineering; the capability to generate UML diagrams tgtou for applications developed in different languages varietobl

reverse engineering, and cost. vendqr.
c _ Rational Ros&” supports C++, VC+M, VB6™, Java,
A. Integration with Visual Studio .Ngt J2EE/EJB, CORBAV, Ada83, Ada95, Database (including

Most developers spend their time switching between Qracléd™, DB2, SQL92, SQL Server, and Syb&%y and
modeling tool and VS.N&, so tools try to provide tight Web Applications. For .Né¥ applications, IBM has Rational
coupling with VS.NetM in a variety of ways. Some of themXDE™, which is especially designed to fully support RTE for
provide a very high level of integration, such as sharingpplications designed in the .N¥t environment.
structures and interfaces, but it is more common for thestool Microsoft Visio™ also supports a number of languages:
to provide standalone functionality and loose coupling.  C++, VB6™, Java, C#, VB.Nef™, Database (Oracl¥, DB2,



SQL92, SQL Server, and Sybd¥s, and DelphiM. Visio™ of the RTE process as good soolutions to recurring problems

comes as a part of the VS.N¥t environment and especiallyand form a common vocabulary among developers. Thus,

supports .Nét applications and VS#' like C++, VC++™  recognizing the implementation of design patterns in agst

VB6™, VB.Net™M, VC.Net’™M, and C#. software systems helps the reverse engineer to understand t
Enterprise Architect! supports the same languages asystem. There are many design patterns, so tools vary in thei

Microsoft Visio™, but is not well integrated with the .N&t  support.

environment. It does, however, have excellent support forRational RosE¥, for instance, provides 20 of the GOF

round-trip engineering. (Gang of Four) design patterns foavd [2]. It also supports
TogethefM is another tool that supports C++Avd, C#, pattern combinations to develop new patterns.

VB6™, VB.Net™, and CORBA IDU"™. Togethef™ can also ~ FUJABA uses a pattern specification language to recognize

support design-based projects independent of any languageesign patterns. They are in the process of developing &oredi
FUJABA is a research tool especially designed faval that will allow any FUJABA user to add practical experience

applications but with much more advanced capabilities th&m their design patterns.

the other tools [14]. This tool is in the public domain and Enterprise Architect supports design patterns, but the user

supports round-trip engineering for applications. needs to create the patterns.
_ . Togethef™ also supports design patterns and integrates
C. Generation of UML Diagrams them with their JUnit (the open-source testing framewogyth

UML has nine standard diagrams, which are divided intése). . _
two types: Static diagrams that capture information aboutMicrosoft Visio™ doesn't handle design patterns at all.

static structure of the software; and dynamic diagrams that choosing the best CASE tool for the process

give information about dynamic structure of the software. h d th . Is with
Most CASE tools support creation of both types of diagrams Up to now we have compared the various CASE tools wit
régard to integration with the .N&t environment, support for

but only a limited number of tools support generating these~ "~ " . . . : )
diagrams through the RTE process. round-trip engineering, and the generation of UML diagrams

: . __An even more important criterion for conversion of BLDE
Ratlona! RosBand Rational XDE support. the 'generatlor?s support for ava and C#, as these are the source and
of UML diagrams through the reverse engineering process, . .
. . . rget languages for the conversion process. Another it@pior
Both construct a tree view that contains classes, intesface .~ . . o . .
and associations found at the highest level. Methods a(r:]%terlon IS suitability for the merging process, since tuele
iabl ted und Qi Th. | tusmg RTE must be merged with that generated using JLCA.
variables are nested under owner classes. They also oSt oo Ros&, Rational XDEM, FUJABA, Microsoft

the class diagram representation for the extracted infooma Visio™, and Enterprise ArchiteBf all support dvA as a

and generate a default layout. . o )
) ) . ... source language, so the first criterion is not really an issue
FUJABA works in a little different way. It has the capablhty.l.he first three, however, do not support forward engineering

of generating code from class diagrams, activity diagrany, ¢4 [5]. Microsoft Visid™ and Enterprise Architeft do

stat_e charts, and collabprat_lon diagrams; but, it is SW.'V' support this, so after the initial step our choices are &ahito
designed for Ava applications. FUJABA has the un|que‘:Jnly two CASE tools

capability of generating code for dynamic diagrams and CaNEor the merging process, Microsoft Visio generates its own

reverse engineer the code and generate both static and hi,yna}mrary folder, changing some of the folder names, class and

VIEWS. method names, and references. Enterprise Archifean the

Enterprise Architect' supports generation of class d'a'o her hand, keeps all of the original names and references.

grams from source code. It can generate class diagram PafHe directory tree is an exact copy of the original. When
?lges, |e|th¢r per dlrectorr]y or per namespﬁce,. as vlvell as Bgﬁling with over 1500 names, this is important—it makes the
ne. A_sp It E'Ves one the option to synchronize classes b of tracing update issues easier. For this reason we chose
overwriting t ,er,n'TM _ . ___Enterprise Architedt for the RTE process.

Microsoft Visio™ generates a tree view similar to Rational o RTE process was accomplished as follows: BIVIE

M oy . . ¥
Rosé" and has the ability to construct class diagrams Qi its more than 1500A¥A files, was reversed engineered
demand. using the Enterprise Architeddt UML CASE tool. The result
D. Support for Design Patterns was a class diagram showing the various interactions of the
dtod i fware desi {s}istem. Using forward engineering, the class diagram is con

Patt)terns Zre use tc(; escribe soft adr_?f esign structres [l 1o into C# code. However, the classes are all abstract an

can be used over and over again in different systems. ThEK methods within the classes have empty bodies. Therefore

provide general solutions that can be applied to particulgfy ;ocess must be enhanced and completed using spatialize
situations. Design considerations are used to decide whe

a particular pattern is useful and how it could be best im-

plemented. The first important task in reverse engineering o Enhancing the RTE process using specialized tools
software systems is to understand the system’s source codéls we have seen, round-trip engineering has many advan-
Design patterns are used in the forward engineering portitages but still suffers distinct disadvantages in the immgle-



tation phase. These problems need to be solved, since most

companies care about analysis and design, implementation, o aee o ]
or both. The only way to achieve a full system conversion @ i

is by summing the advantages of the reverse and forward i : @
engineering processes and discarding their disadvanthyes

@ CmemmesiansE TOA Cecomared  \behowtFIEaxe

this way we achieve a fully converted system from design and o

analysis to implementation and documentation.

Most of the work previously done in round-trip engineering
has focused on enhancing the reverse engineering sidee Thes
enhancements were aimed at extracting more modules than TABLE I
just static class diagrams from source code. They enabled CONVERSION RATES FOR TEN APPLICATIONS
development of CASE tools like FUJABA to allow the extrac-

Fig. 5. The full conversion process of the code using RTE

tion of dynamic diagrams such as sequence and collaboration Apﬁ';ﬁte'o” L'g‘;g e"f 'I\:_‘fmcr’; (;fcgf %F(ifé’sn‘"
diagrams. T_h|s allows generation of some of the code withi T Chat Server 11500 093 | 920 791
method bodies.

There has not, however, been much research done in del22 Scheduler 20000| 17601 912 | €9.3
veloping outcomes from the forward engineering process to28Pug9ing Tool 28150 2311] 918 | 781
achieve full system conversion. We will use the outcomes qf Network Client FTP 33350 | 2516] 925 | 655
the specialized tool discussed earlier to finish the RTEgm®c | Accounting 35750 | 1926 | 94.6 76.2
by integrating the JLCA converted method bodies into the Investment 40880 | 2107 | 94.8 74.5
empty body of the forward engineered code. The result will Charting Tool 45000 | 1877 | 95.8 76.3
be a fully converted system. The design will then be updatedmail Client 46250 | 2689 | 94.2 72.1
by reverse engineering the converted system having this newyiiclient TCP Server 49150 | 1838 | 96.3 76.8
code. In this way the design will reflect the fully converted g ye™ Einancial system| 100000 7000 | 930 | 765

system. | overall 410030 | 24717 ] 940 | 744

G. Conversion of BLUB using a specialized tool

Java Language Conversion Assistant is a specialized tool
used to convert code fromavda to C#. It works strictly

TABLE Il
COMPARISON OFJLCA ALONE TO FULL PROCESS

from an implementation point-of-view and does not give any Application Name JLCA alone | Full Process
consideration to the design phase of a system. Chat Server 91.3 94.0
The tool runs entirely from the .NE{ environment. Most Job Scheduler 81.5 91.2
of the code is generated during this process, including the Debugging Tool 76.5 91.8
method_bodies for the classes. JLCA was desigr;ﬂedm J Network Client ETP 86.2 925
applications and supports VJW-, used in BLU.F_T , With Accounting 29.7 94.6
some restrictions. The conversion process here is not aenpl
. . . Investment 86.3 94.8
yet because of differences in architecture between C# and )
™ . . Charting Tool 88.0 95.8
VJ++"™ . Another source of errors is due to missing and/or Mail Cl 839 912
corrupted files in the original source code. Hence, theré wil all Client ' :
still be unconverted lines within the code. However, the Multiclient TCP Server 87.8 96.3
. ™ Ej i
JLCA tool still greatly enhances the RTE output through the BLUE ™ Financial System| _ 84.3 93.0
autogeneration of large chuncks of code. | overal | 876 | ea0 |

H. Updating existing design

The code generated by JLCA was merged with code gen-With few exceptions, the accuracy seems to be proportional
erated from the RTE process. The result was about a 938&cthe number of lines of code. The accuracy ranged from
conversion of the original application into C#. This 93% i91.2% for the schedule to 96.3% for the TCP server. Had
effective enough to give a new design for the applicationgisi BLUE™ not had missing and corrupted files, we believe its
a C# platform. Code updates to the design are added usingcauracy rate would have been much better.
reverse engineering process. Figure 5 shows the full ceimrer  The percentage of fully converted files ranged from 65.5%
process. to 79.1%. There is no clear relationship to the size of the
application. It may, however, be correlated with the number
of files, but the number of files in each application has not

This conversion process was not only performed on theen recorded.

BLUE™ application, but also on nine other test applications. Table 1ll shows accuracy of the full process compared
The conversion results are given in Table I with accuracy achieved using JLCA alone. This improvement

V1. EFFICIENCY OF THERTE-JLCAPROCESS



TABLE IV

reflecting all changes in the design without affecting the
DISTRIBUTION OF ERRORS FOR FIVE APPLICATIONS

balance of the entire code. Code generation is widely aedept

Application Name | 0 1 2 3 4 5 6+ in the industry due to its clear structure.

Chat Server 791 | 14| 28| 24| 43| 20| 80 The class design generated during the RTE process is
Job Scheduler 69.3| 87| 14| 27| 14| 25| 140| regularly updated during the merging process to reflect any
Debugging Tool 781| 501 99| 33| 06 05| 26 design enhancement. Muqh effort is. being 'don'e to achieve
Network Client FTP | 655 | 1501 87 | 06 | 08 | 05| 89 100% code conversion. Thls will require ehr_nmgtmg_ all &gp
TCP Server 2681 771 291 14| 29 | 08| 75 of errors from the original code. The objective is to not

only to reflect new changes on the architectural design of the
system, but also to minimize compilation errors; allow dasi

ranged from 2.7% for the chat server to 15.3% for thgnhancements; and provide flexibility, reusability, angeeaf

debugging tool. Overall, the average improvement was 6.4932intenance features to the current system.
The percentage improvement does not seem related to the size ACKNOWLEDGEMENT

of the application, but may depend upon internal features OfThe authors are grateful to MBRM — MB Risk Man-

the application instead. : . . .
. . . Lo ement — for both financial and technical support of this
After examining and resolving the migration issues tha . ;
research. Special thanks are due to the professional team at

could not be resolved by the JLCA tool, we looked af ) .
the distribution of errors in five randomly picked appli- EaRM—headgdt'by G'Otl’“’!” H;‘]m%d —Ifor valutabfltihgwdanlt(:e
cation from these ten. Table IV shows this distributiorf o 'ccOMMeNdations during the development of this work.

Some files had as more than 300 errors! For example, REFERENCES

Mai nFrane. | ?‘Va was reported to .have 405 errors When[1] H. C. Gall, R. R. Klosch, and R. T. Mittermeidsing domain knowledge
converted tovai nFr ane. cs. In looking at the contents of to improve reverse engineerinigternational Journal of Software En-
the files, most of the files having few errors (1 or 2) were gineering and Knowledge Engineering6(3):477-505. World Scientific

. . . . Publishing Company, 1996.
involved with calculations. In contrast, those with mansoes ] Erich Gamma, Richard Helm, Ralph Johnson, and John Viisside

were usually the files containing the code for the graphisalu Design Patterns Addison-Wesley, 1997.
interface. [3] Anders Henriksson and Henrik LarssoA, Definition of Round-trip
Engineering Linkopings University Sweden, January 2003.
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