C to Java Migration Experiences

Johannes Martin and Hausi A.iMer
University of Victoria
Department of Computer Science
Victoria, BC, Canada
{jmartin,haus}j@csr.csc.uvic.ca

Abstract ier, companies have also started to re-implement the server
applications partially or fully in Java. To avoid a complete
With the growing popularity of the Java programming redevelopment of the business logic already present in the
language for both client and server side applications in current server applications, it is desirable to integrate parts
network-centric computing, there is a rising need for pro- of these server applications — usually written in a legacy
gramming libraries that can be easily integrated into Java programming language such as COBOL, Fortran, or C —
programs. In a previous paper, we surveyed current strate- into the new Java clients and servers.
gies for integrating C source code into Java programs, In a previous paper [22], we investigated several strate-
pointed out their weaknesses and presented goals for an im-gies for migrating legacy C code to the Java platform and
proved migration approach. In this paper, we present the determined whether they were suitable for integrating the C
Ephedra approach to software migration and report on the code into Java programs. We identified some deficiencies of
results of three case studies transliterating C source code tothese strategies and presented goals and considerations for
Java using the Ephedra environment. an improved migration approach callEgphedra We have
since developed Ephedra further and implemented a set of
tools to aid a software engineer in the migration process. In
1. Introduction this paper, we briefly summarise the main points of the pre-
vious paper, explain the foundations of Ephedra, and show
the results of three case studies transliterating C source code

Electronic commerce over the Internet plays an impor- ,
to Java using Ephedra.

tant role in today’s economy. To stay competitive in the
global marketplace, companies have to offer their services
and products to current and prospective customers online2. Related Work

through Internet clients.

For many applications, like browsing product catalogues  Migrating source code from C to Java is a hard problem
or obtaining account balances from a financial institution, with many facets: as C is a procedural language and Java
it is sufficient for the Internet clients to access the data is an object-oriented language, not only the syntax and se-
stored on the company’s information systems. As soonmantics of the source code need to be translated, but also
as value-added services are to be offered, it is desirable ta paradigm shift is necessary to move from procedural to
have the Internet client not only access data from the com-object-oriented code. The following sections review related
pany’s information systems, but also perform computations software migration approaches.
on the data. Offloading these computations from the central
servers helps keeping the servers available for other tasks2.1. Language Conversion
If the Internet client can perform the computations indepen-
dently, delays through network congestion or heavy load on In their paper The Realities of Language Conver-
the central servers can be avoided, thus improving customessions[30], Terekhov and Verhoef give an account of their
satisfaction. experiences with language conversions. The examples they

Internet clients commonly run as part of a Web browser provide deal mostly with COBOL systems and generalise
and are therefore written in Java [10], the programming lan- to many instances of language conversions. They argue that
guage supported by most Web browsers. To make commu-he difficulties of such conversions are often underestimated
nication between the client applications and the servers easand manifold: Too much emphasis is put on technology and



tools that claim to aid in language conversion and too little source conversion from COBOL to Java, RPG to COBOL,
attention is paid to training of the personnel that has a majorand SQL to SQL;.

impact on the success or failure of the migration project. There are a number of papers describing experiences
They articulate a number of important facts about source and lessons learned from source conversion projects. Kon-
conversion, namely: togianniset al. [13] report on the conversion of the IBM

Candid for | . v th compiler back-end from a PL/I derivative to C++ Ya-
* Candidates for language conversion are usually t € sumatsu [34] describes a system for translating Smalltalk

most critical systems'of .a. business; thus, .an emphasi rograms into a C environment. Terekhov [29] presents
must be put on the reliability of the conversion process. a case study on an automated language conversion project

e The software engineers performing the conversion from a proprietary language to Visual Basic and COBOL.
must be experts in both the source and target lan-

guages to realise the intricate differences between the2.2. Paradigm Shift
language and the problems that can arise out of them.

Another level of complexity is added to source conver-
sion if it involves a paradigm shift. With the growing pop-
ularity of object-oriented languages, there have been many
attempts to move from procedural to object-oriented sys-
e The more similar the source and target languages aretems. One of the major problems in this particular paradigm

the more difficult will be the detection of their differ-  shift is the identification of candidates for classes and their

ences: syntactically close or identical source artifacts members.

might have big semantic differences. A common approach is to use data structures in the
legacy system as basic building blocks for classes and to

o Itis Ver}{ difficult otr even |r_npo|s';3|blettlo go from a rich add functions that operate on these structures as methods to
source language to a minimal target language. those classes [3, 17, 18, 35, 13].

Terekhov and Verhoef list several requirements that have A different approach is to use design documents of a sub-
to be met to achieve a successful source conversion. Theyect legacy system, such as structure charts and data-flow
also propose a coarse three step process for source convefliagrams, to recover a possible object-oriented architecture
sion. for the subject system [8, 9].

In The Migration Barbell[19], Malton notes that there Cimitile et al. centre the identification of classes around
are many ad-hoc techniques for source conversion, but fewpersistent data stores, such as files or tables in a database,
systematic approaches. He formalises the process proposedith functions as candidate methods for these classes [4].
by Terekhov and Verhoef. Malton also defines a set of goals There are other paradigm shifts that may occur con-
for source conversion and identifies three distinct conver- currently with the shift from procedural to object-oriented
sion tasks, which are listed in ascending order of complex- code. For example, C has a very flexible and lax memory
ity: access scheme usipginters while the Java programming

. o ) language imposes strict rules on memory management us-
Dialect conversion is the conversion of a program from_ ing references So, in a conversion from C to Java, two
one dialect of a programming language to another di- paradigm shifts have to be made.

alect of the same programming language. Thls.usually Demaine [5] developed a general method for converting
has t9 be done, if a new version ofa com-p||er is used C pointers to Java references. His theoretical considerations
FO build the system, or if a different compiler product are well-founded and plausible, but unfortunately, he does
is selected. not provide an implementation to show the feasibility of his
API migration is the adaptation of a program to a new approach. The technique for mapping pointers to references
set of APIs. This occurs for example, if a different usSed in our Ephedra tool is similar to his approach.
database or user interface is chosen for an information
system. 2.3. C and Java Integration Strategies

e A converted system will not be as well designed as a
system developed specifically for the target program-
ming language.

Language migration is the conversion from one program-
ming language to a different one possibly involving di-
alect conversion and API migration.

From an integration perspective, the most important dif-
ference between C and Java is the hardware platform for
which these programming languages are compiled. C pro-
Malton’s observations are founded on dialect conversions ingrams are usually compiled to the native machine language
the COBOL, PL/I, and RPG domains, and pilot studies in of a computer, while Java programs are compiled for the



Java Virtual Maching16] (JVM), a virtual hardware plat- 3. The Ephedra Software Migration Environ-

form running on top of a concrete hardware platform. While ment

the basic instructions of a computer’s native machine lan-

guage and the machine language of f[he JVM are similar, the - rp,q previous section mentioned limitations and prob-
JVM also takes care of type conversions and memory man-joms of these existing approaches to integrating C source
agement. The JVM checks all type conversions and storagé., e into Java programs. C2J++ requires extensive manual
accesses for their safety and security and imposes CONSel . in the verification and correction of the transliterated
vative restrictions on these operations. C compilers, on the.,4a \while JNI. C2J. and the Java Backend for GCC are
other hand, implement type conversions and storage acceséusceptible to compromising Java’s type safety and security,

gsing the naFive machir_le_ language of th? target Cc’rm)mertogether with possibly significant performance overheads.
in a very lenient but efficient way, assuming that the pro- The goal of our Ephedra migration environment is to

grammer has made sure that these operations are safe a%pply a better solution to the problem of integrating C

secure. source code into Java programs. It provides a structured
To integrate C code into Java programs, these two hard-approach to migrating C source code to the Java Virtual

ware platforms have to be reconciled. Two main approachesMachine, minimising manual intervention by the software

exist: on the one hand, the Java Virtual Machine can beengineer wherever possible and guiding him or her wher-

extended using code compiled to the native machine lan-ever full automation cannot be achieved. The resulting Java

guage of the target system, using tlava Native Interface  source code does not circumvent the safety features of the

(JNI) [15]. If the code is to be executed on several different Java Virtual Machine and can be easily integrated with ex-

target systems, it has to be compiled and installed on all ofisting Java programs. While the emphasis of our approach

these systems. This may be acceptable for server applicais on the C language, Ephedra also supports the conversion

tions that run on only one or few particular platforms, but of the most commonly used C++ language elements.

is not suitable for client applications that usually need to

run on a wide variety of different platforms. We therefore 3.1. Overview: Three Step Approach

deemed it impractical for our purposes [22].

On the other hand, the C code can be compiled for the Ephedra suggests a three step approach for the conver-
Java Virtual Machine, either directly or by first converting sion of C and C++ programs to Java. The first step is neces-
the C source code to Java. We surveyed several automategary only during the conversion of K&R style C code. This
tools supporting this and found the following deficiencies kind of code does not contain function prototypes, thus lim-
[22]: iting the ability of the compiler to perform type checking.

To find and remedy major type inconsistencies, that may
even be the cause of problems in the current code, all neces-
C2J++ [14, 31], a C++ to Java source transliteration tool, sary function prototypes are inserted in the code. An ANSI
works well only for C++ code written according to @ ¢ or C++ compiler is able to compile the code after this
strict coding standard. In most cases a software engi-step, and test suites can be run to verify the correctness of
neer has to make extensive modifications to the gener-he code.
ated Java code particularly if pointers are used in the Being a procedural language, C allows for data types
original code. to be explicitly related through composition only. Object-
oriented languages also support inheritance relationships.
In Step 2, data types and type conversions are analysed to
C2J [25], a C to Java source transliteration tool, is able find relationships that are implicitly present in the code and
to transliterate large volumes of C code correctly to can be better and explicitly expressed using inheritance re-
Java. However, the generated Java code is difficult to|ationships. The code is then changed accordingly, and as
read and uses its own object model and storage alloca sjde effect, most Java incompatible type casts disappear
tion scheme that circumvents Java’s type and run-time from the code. This step will have to be performed on most
CheCking Systems and makes it hard to interface thec and many ear|y C++ programs. If the Subject System is
code with mainstream Java programs. written in C++ and uses multiple inheritance, it will also be
converted to use only single inheritance at this time. After
these transformations have been performed, the code can be
Java Backend for GCC [32], a C to Java byte code com-  compiled with a C++ compiler and verified using existing
piler, uses an object model and storage allocation test suites.
scheme similar to that of C2J and has the same dis- |n Step 3, the C/C++ source code is transliterated to Java
advantages. source code. Data structures are converted to classes and



functions are converted to methods and collected in classesMain(arge, argv)
During the transliteration, the code is also analysed for in- 1Nt argc;
vocations of C storage allocation library functions, which ~ char *argv(]; {
are converted to near equivalents in the Java language. At Nt argument
the end of Step 3, the generated Java code can be compiled

with any Java compiler and verified with the existing test ~ f (arge 1= 2) {

suites. printf("'usage: %s value\n,
The following sections describe these three steps in more _ argv(0]);
detail. exit(1);
}

3.2. Step 1: Insertion of C function prototypes argument = atoi(argv[i]):

_ ) printf("the square of %d is %d\n",
There are two major styles of C source code: Kernighan argument, square(argument));

and Ritchie [12] first designed the C programming language exit(0);
in 1978, and source code written in that style is often called
K&R C. In 1989, many developments and extensions to
K&R C where standardised by the American National Stan- sqare(ij)
dards Institute [1]. Code following this standard is usually ¢ i {
calledANSI C return i * i:
The most obvious difference, and for Ephedra the most
significant difference between these styles, is the use of
function prototypesIn K&R C, only variables have to be
declared before their use. Any unknown identifier that is Figure 1. K & R style C program
followed by the function call operator is assumed to be the
identifier of a function, and that function is assumed to take _
a variable number of arguments and return an integer value Fi9ures 3 and 4 show an annotated example.
It is left to the programmer to make sure that these assump-
tions are actually valid. 3.3. Step 2: Data type and type cast analysis
In ANSI C however, functions have to be declared us-
ing function prototypes that specify the return type and the  Object-oriented programming languages greatly facili-
number and types of the arguments, if any. These functiontate reuse by providing generalisation or specialisation by
prototypes have to be added to each source file before thaneans of inheritance relationships. Canfoea,al. de-
first invocation of that function in the source file. Figures 1 veloped strategies for identifying classes within a system
and 2 show the differences between the two styles by meang3, 17, 18, 35, 8, 9, 13], but they usually do not take advan-
of a small example program. tage of generalisation or specialisation features provided by
As the consistency checking between function defini- the target programming language. It seems worthwhile to
tions and function invocations is left to the programmer in examine how commonalities and relationships of structures
K&R C, there is a risk for introducing errors. To increase in a legacy system can be exploited to design inheritance
the chances for a successful migration from C to Java, ithierarchies for the target system.
is important to eliminate sources of errors first. Therefore, Type casts between otherwise unrelated structures ina C
as a first step of the Ephedra migration approach, a C pro-program are often used to model generalisation or special-
gram written in K&R style is converted to ANSI C style. isation features in procedural code [21]. These type casts
The Free Software Foundation’s GNU Compiler Collection pose problems, since type casts between data types that are
(GCC [7]) comes with the togbrotoize which automates  not related through inheritance, are prohibited in Java. Even
most of this conversion. stricter type checking is performed at run time to prevent
To improve the readability and correctness of the source objects from being cast to a class type they do not actually
code further, the return types of functions should be instantiate.
checked. If no return type is specified in a prototype of a  To migrate a C program to Java successfully, either such
function, a C compiler assumes it to be an integer. In manytype casts have to removed, or the data structures involved
programs, this default formal return type is used even for in the type casts have to be changed to make their implicit
functions that do not return a value. Modern C and C++ relationship explicit. In [21], we presented methods, al-
compilers can detect and flag these discrepancies and aid thgorithms, and automated tools to identify problematic type
software engineer in locating the code that needs changecasts and their associated data structures and to change these



/I declare printf library function /I return type defaults to ’int’
#include <stdio.h> /I but no value is actually returned
foo() {
/I declare atoi and }
/I exit library functions
#include <stdlib.h> bar() {
/I statement is valid,
/I declare the square function /I but result is indeterministic
int square(int i); int i = foo();
}

/I declares the main function
int main(int argc, char **argv) . . .
{ Figure 3. Hidden error in C program

Int argument; /I state explicitly that

/Il there is no return value

if (argc '= 2) { .
printf("usage: %s value\n", ;Old foo() {
argv[0]);
exit(1); void bar() {
} /[ C compiler correctly flags
_ . ) /I this statement as error
argument = atoi(argv[1]); int i = foo();

printf("the square of %d is %d\n", }
argument, square(argument));
exit(0);
} Figure 4. Error turned explicit

int square(int i)

{ Java object model are critical issues. Ephedra provides a
return i * i tool to automate this transliteration completely.
} The tool follows a four pass approach: initially, the

source code is preprocessed, parsed, and type analysed. The

IBM VisualAge C++ compiler is used as a front-end to per-
Figure 2. ANSI style C program form these tasks. In Pass 2, the tool traversesaistract

semantic grapiASG) generated in Pass 1 and creates a cor-
responding ASG that reflects the semantics of Java. Since

data structures so that their type casts are admissible for & and Java are quite similar, many parts of the graph can be

Ja\f p;ch]grarE.t e in th ) is th ftrivially transformed.
nother obstacle in the conversion process is the Use oty q complicated transformations are needed for the

EH mu_lft_|plle inheritance, ‘tNh"ih 1S 3mly p\eli\;tlall)égupport_ed dconversion of structured type declarations, initialisers, and
y Specific language constructs in Java. Wen [33] examine expressions involving pointers. C2J [25] and the Java back-

:.r;.e (;Js(jgﬁof ml:It'ptle mherltapce II? (|:++ Ero.gt;rams asnr? |d(|an— end for GCC [32] embed all structures and variables in
ihed ditterent categories of mullipie Inhertance. She also large integer array. This makes pointer operations and

developed approaches to convert these different multiple in-

herit ¢ 03 ina J | fruct C%Hrithmetic easy and intuitive, but accessing the data through
agriln?gr(;gc)elges 0 Java using Java fanguage constructs SUGHl »instream Java programs becomes difficult, and the data

can be easily corrupted if there is an error in the code.
) ] Ephedra takes a different approach and maps C structured
3.4. Step 3: Transliteration of source code data types to corresponding Java classes. Where necessary,
pointer arithmetic issmulatedthrough member functions

In the third and final step, the C source code, that wasof these Java classes. This is accomplished without cir-
improved and corrected in Steps 1 and 2, is transliterated tocumventing Java’s storage allocation and memory protec-
Java source code. As one of our primary goals is the integration schemes. Errors in the code will likely result in Java
tion of the generated code into mainstream Java programsruntime exceptions and can thus easily be identified. A de-
readability of the generated code and compliance with thetailed description of all these transformations can be found



in the first author’s dissertation [20]. code since it depended on some external functions, mostly

In Pass 3, the Ephedra tool traverses the newly createdor integer to string conversions, defined by emx-specific
Java ASG. It determines which of the primitive variables in header files. We identified these functions and their pur-
the original program need to be wrapped into classes so theypose and decided to implement them as stubs first and to
can be passed and assigned by reference and then makes theplace calls to them after the transliteration by calls to sim-
necessary changes to the ASG. ilar methods of the Java APIs.

Pass 4 is responsible for the generation of the Java source The second transliteration attempt produced a syntac-
code from the Java ASG. Directories for packages, whichtically correct Java class. Inspection of the Java sources
are derived from namespaces in the C code, are createdshowed that there were many casts between integer and
and every class is written into one source file as requiredboolean values, making the code quite difficult to read.
by Java. The tool also createsviakefile which helps to  Apparently, some of the variables and function return val-
compile and run the generated code in the Ephedra environues used in the source assumed only boolean values, even

ment. though, because of the lack of a boolean type in C, their ac-
tual type washar . To optimise the code, we identified all
4. Case Studies of these variables in the original C source code and changed

their type tobool .

To validate the Ephedra approach, we conducted three After the third transliteration using Ephedra, we obtained

case studies by selecting typical C sources for migration to? well .readable and syntactically correct Javg class. After
Java. To provide a usable migration environment Ephedrareplacmg the calls to stubs created after the first translitera-

offers automatic migration of frequently used C standard 0N attempt by calls to similar Java APl methods, we were

library functions. Many of them can be implemented quite a_ble to verify the correctness of the code using a few regres-

easily and effectively using similar methods from the Java sion tests.

APIs. Some of them however are rather complex (e.g., the

fprintf()  function) and we decided to transliterate them 4.1 2. Evaluation and Optimisation

from an existing C implementation rather than writing them

by hand in Java. This transliteration served as the first casgEven though our new Java implementatiorimfntf()

study. was now working correctly, the readability of the Java
For the second case study, we selected a small standsource code was not perfedprintf() returns the to-

alone game program that is in many aspects similar to thetal number of characters written as its result, and so it has

programs we intend to transliterate using Ephedra. It isto check for I/O errors in various places to guarantee that

written in K&R style C, uses pointers, function pointers, its return value is exact. Most of the subroutines signal

andgoto statements, and contains little documentation.  through their return values whether an 1/O error occurred
We also selected two CPU intensive implementations of during their execution, and thus these return values have to

graph layout algorithms for the third case study to evaluate be checked as well. These checks hide the algorithm behind

in part the performance of the generated Java code. the implementation and make the code difficult to read. In
the original C source, these checks had been hidden using
4.1. C standard library function macros.

As file I/O is an ideal scenario for the use of exceptions,
While looking for an existing, open source implemen- the Java APIs use them extensively for file access. We de-
tation of fprintf() , we found an ANSI C implementa-  cided to modify the generated Java code to use exceptions
tion, approximately 1,000 lines of C source code, written 0 handle I/O errors. Since we do not know of existing tools
by Eberhard Mattes for his DOS and OS/2 port of GCC t0 automate this process and we do not yet have sufficient
emx[23]. The implementation consists of one primary func- €xperience with case studies to provide a general solution
tion and several subroutines. As the source code is already© this problem, we performed these modifications manu-
written in ANSI C, Step 1 of the Ephedra approach was ally- In the end, we were able to replace all checks for 1/0
not necessary. Analysis of the code showed further that it€Ors by a singldry/catch  statement in the primary

contained no problematic type casts, thus Step 2 could befPrintf() function. Moreover, the return type of all sub-
omitted as well. routines could be changed frobmol to void . Through
these modifications, the code size was reduced by about

25%.

The result of the transliteration process exceeded our ex-
A first attempt to transliterate the code in Step 3 failed. The pectations. Not only did we achieve the goal of obtaining a
IBM VisualAge C++ front-end could not compile the source functional Java version dprintf() , we also completed

4.1.1. Step 3: Transliteration of source code



the task quickly, and the resulting Java code was more read!” ) ]
able than the original C code. Neither did we have to de- : This routine executes a tr‘l'Jncated
rive an algorithm from the specification of tharintf() . fet"Of commands until a "yes or
function nor did we have to reengineer it from the C im- 10" ansSWeris gotten.
plementation. There were no bugs, since the original C /
code had been well tested and all transformations performed@&tyn(char *prompt) {
were deterministic. [
We do however have to note a problem with the optimi- }
sation step. Since this step is performed manually, it has
to be repeated whenever the Java code is regenerated frorh-] ] ]
the original C code. As we were dealing with C code that  // correct invocation;
does not change any more, this was not a problem in this 9€tyn(‘enter yes or no");
case study. When we are dealing with original code that ) _
still changes, we have to be careful to record all optimisa-  // compiler detects mismatch

tions so they can be re-applied whenever the Java code is char *"yn|]; )
regenerated. getyn("enter yes or no", yn)

4.2. Stand-alone C program Figure 5. Error in Monopoly Program
During the development of the Ephedra source code

transliteration tool, we wrote various small C programs as a = This routine executes a truncated

regression test suite to test certain aspects of the translit- x set of commands until a "yes or

eration. To validate the correctness of the many applied « 'ng" answer is gotten.

transformations in the context of a real program that uses a

large range of C language features, we chose a stand-alongetyn(char *prompt, void* = 0) {

monopolygame program, which we had used in previous [.]

studies [27, 28]. This program is written in K&R style C

code and uses complex data structures, pointers, and func-

tion pointers. As such, it constitutes a solid test case fory

Step 1 and the more difficult transformations of Step 3 of =/ poth invocations now correct

the Ephedra approach. getyn("enter yes or no");
char *yn[];
4.2.1. Step 1: Insertion of C function prototypes getyn("enter yes or no", yn)

In a preparatory step, we compiled and ran the original

monopoly program to get an impression of its functional- Figure 6. Corrected Example Code

ity. According to Step 1 of the Ephedra approach, we then

used theGNU protoizetool to transform the program from

K&R style C to ANSI C. The monopoly program was then of the superfluous parameter did not correct the errors in the

ready to be imported into and compiled in the IBM Visu- code, but rather obscured them and might also confuse fu-

alAge C++ IDE. The first attempt to compile the program ture developers working on the code.

failed — the C++ compiler detected some errors that the  The compiler also flagged discrepancies between de-

C compiler had been unable to discover due to the lack ofclared return types and actual return values of functions.

prototypes in the K&R style C program. Using the brows- None of the functions in the code had a return type explicitly

ing capabilities of the IBM VisualAge C++ IDE, detection specified, and thus they all defaulteditd . Some of the

of the source of the errors was easy. functions did not actually return a value and were flagged
In some cases, extra parameters were passed to a funas incorrect by the compiler. We corrected them by giving

tion (Figure 5). We determined that these extra parameterdhem an explicit return type ofoid .

were indeed not needed. We had the choice of either cor- The compiler detected more problems in the functions

recting all invocations of the function in question, or adding responsible for loading and saving games. Apparently, the

an extra default parameter to the function prototype thatcode used some Unix system calls to save and load its data

would be ignored in the function body. We decided for the area. Since we used the Windows version of the IBM Vi-

latter to minimise source code changes (Figure 6). In retro-sualAge C++ compiler, these system calls were unknown

spect, we should have chosen the other option. The additiorto the compiler. After looking at the code we found it dif-



ficult to understand and decided that it would be better to 4.3. Conversion of two CPU intensive algorithms
re-implement the load and save functions from scratch in
Java rather than to emulate the Unix system calls used by Tg evaluate not only the correctness but also the ef-
their current implementations. We therefore replaced theseficiency of the generated code, we chose to convert two
functions with stubs. The code now compiled without errors cpy intensive programs. These programs are part of
and Step 1 of the Ephedra migration method was complete.sgraph[ll, 2] and implemenSpringand Sugiyamagraph
layout algorithms. The programs work as filters (i.e., they
read their input from standard input and write the results to
4.2.2. Step 2: Data type and type cast analysis standard output). The graphs they operate on are stored in
a proprietary graph format. Lex and Yacc are used to parse
The automated tool to detect problematic type casts for Stepthis format.
2 did not locate any such casts. Since the program was writ- As the graph format is rather Simp|e and we did not want
ten in C rather than C++, we did not have to transform any o transform Lex or Yacc in this case study, we decided to
instances of multiple inheritance. re-implement the parser without Lex and Yacc for testing
purposes. This new parser was implemented in about 100
lines of C code.
4.2.3. Step 3: Transliteration of source code The Rigi graph editor [24, 26] uses the Spring and
Sugiyama stand-alone programs for generating graph lay-
The Ephedra source code transformation tool performedouts. As the layout programs did not come with test suites,

most of the work necessary for Step 3. The tool does not yetwe used this graph editor to generate a few test cases.
transformgoto statements, and, hence, these constructs

had to be converted manually. The remaining transfor-
mations were executed automatically. The generated Java

source code then compiled correctly. As the programs were written in K&R style C, we used
This was our first comprehensive test of the transforma- GNU protoize to transform them to ANSI C. While compil-
tion tool. Unfortunately, the resulting program did not work ing the programs using the VisualAge C++ IDE, the com-
properly at first. Some of the library functions had to be piler found a few problems. As in the monopoly program,
implemented or corrected and some of the code transfor-the compiler noticed discrepancies between declared return
mations had been implemented incorrectly. These errorstypes and actual return values of functions. Some of the
usually resulted in an exception to be thrown exactly at or functions in the code had no return type explicitly speci-
very near the point in the code were the actual error was lo-fied, and thus their return types defaultedrib . As they
cated. It was therefore easy to locate and correct the errorslid not actually return a value, they were flagged as incor-
in the library functions or the transformation tool. The Java rect by the compiler. We corrected them by giving them
code was then re-generated from the C code and compiledan explicit return type ofoid . The compiler also encoun-

and tested again until a correct version of the program wastered an incorrect function call: an extra parameter had been
obtained. specified.

.3.1. Step 1: Insertion of C function prototypes

4.3.2. Step 2: Data type and type cast analysis
4.2.4. Evaluation p yp yp y

The sgraph data structures usedraon to save attributes

To obtain a better estimate of the time needed to perform aof the graph. These unions could contain either one integer
complete conversion, we repeated the entire transformationor an untyped pointer. According to Step 2 of the Ephedra
process. The process was completed in a few hours by approach, this union should be converted to a hierarchy of
different developer who is familiar with moving programs  classes with an abstract base class and concrete subclasses
from K&R C to C++. Thus the time it took to convert this  for the different types of attributes.
game program is considerably less than if we had to rewrite  Since the fields of the union were rather small, we de-
the program in Java. The number of lines of code is ap- cided to take a different approach and transform the union
proximately the same for the original C program and the to a regular data structure with one field each for the inte-
resulting Java program. ger and pointer value. We felt that the little extra amount

In a final step, we re-implemented the load and save of memory used in this approach was preferable to the loss
functions that we had removed earlier in Java. The in performance that would result from type casts or calls
java.io.Serializable interface helped to make this to virtual functions when strictly following the Ephedra ap-
implementation simple. proach.



The source code transliteration tool (Step 3) performs does not put such high demands on the Java Virtual Ma-
this transformation automatically for all unions that are still chine. If this new strategy compromises other goals of the
present in the code. Thus, we did not have to make anytransformation process, we will have to let the developer
manual changes to the code. prioritise and select transformation strategies.

4.3.3. Step 3: Transliteration of source code 5. Conclusions and Future Work

The transliteration of the code went smoothly, and no ma- . .
. . Since electronic commerce over the Internet plays a
jor problems were encountered. The size of the gener-

- 6{?rominent role in today’s business environment, customers
ated source code was about the same as that of the origin ; . S .
source code expect integrated Web-based services historically provided

. . by legacy information systems. One way to provide these
wh?;T]ehgrc??lroin;Zeur?ier?\psl‘gr?gn(t:ejtsgtd aédn(l:'gr;rgyﬂﬁggt'ggz’services to the users quicKIy and effectively is to .integrate
implemented, the Spring layout proéram performed cor-qhe legacy C code of such information systems with newly

' . . ) developed Java programs. In this paper, we presented sev-
re_ct!y. There were minor differences in the output of the eral integration strategies by discussing their characteris-
original and transformed program. They were caused by

differences in how C and Java handle floating point num- tics, strengths, and weaknesses. We also introduced the
bers ap Ephedra approach for migrating C programs to Java using

. . the Ephedra software migration environment. Three differ-
The Sugiyama layout program aborted with a null e tphe W grat Vi :

. : ; L .. ent migration case studies were used to evaluate this ap-
pointer exception while printing the rgsults. Inv_estlgatmg proach to migrating C/C++ code to Java.
the p.roblem revealed a severe error in the_onglnal C pro- Two of the case studies showed that debugging the gen-
gram. some memory was released before it was last us(Ederated code seems to be easier than debugging C code com-
As the program did not allocate any new dynamic storage

fter this rel f stor the stor was not verwrit-p”ed to native machine code. The run-time checks per-
atter this release ot storage, the storage was not o formed by the Java Virtual Machine help greatly in locat-
ten and the C program still functioned properly. In the Java

; literation. the de-allocai f . ulated b ing faults that may go undetected in C programs under cer-
ransiiteration, the de-aflocation of memaryis em Y tain conditions. It may be possible to decrease development
setting references to storage that is to be de-allocated t

ull A subsequent access to those references thus r(3_ime and cost for new C/C++ programs by transliterating
ur-- ubsequ . US "hem to Java and debugging them using the Java Virtual Ma-
sulted in a null pointer exception.

chine. We are pleased with the Java code generated by the
i transliteration tool. The generated code seems to be cor-
4.4 Performance Evaluation rect and reasonably efficient. If certain guidelines are fol-
lowed in the development of new C++ code (e.g., portable
For small input files, the transformed versions of the type casts, single inheritance), no manual intervention will
Spring and Sugiyama graph layout algorithms performed be required to migrate such C++ code to Java. Moreover,
worse than the original program. It was quickly determined it is quite likely that faults detected in the Java code are
that this is mainly due to the long start-up time of Java pro- faults in the original C code. Debuggers could be instru-
grams. mented to hide the intermediate Java code from the devel-
For larger examples, the difference in execution time be- oper and make it appear as if he or she was debugging the
comes smaller, but is still significant. For a graph with 560 original C/C++ code. A study comparing the development
nodes, the transformed version of Spring takes about five tocost when using this approach, as opposed to the cost of tra-
seven times as long as the original version, depending onditional development, might be interesting. This might be a
the Java Virtual Machine used. Sugiyama performs worse.viable and useful option for C development environments.
Laying out a graph of 270 nodes with the Java version of the We did not anticipate this application when we began this
program takes twenty to forty times longer than with the C project.
version. Examination of the problem showed that the trans- The monopoly application was used in previous case
formed programs use huge amounts of memory for arraysstudies [27, 28] to evaluate the usability of reengineering
of integers: instead of 2 MB, Sugiyama uses 80 to 160 MB tools in a structured experiment. This experiment could be
of memory, depending on the virtual machine. Obviously, repeated to determine whether the source code migration
there is room for improvement both in the transformation helps or hinders the software engineer in understanding the
performed by Ephedra and in the Java Virtual Machine. program. Such studies would also help us to evaluate how
These results prompt us to reconsider the techniques weaeadable and maintainable the generated code is. Asiitis dif-
currently use for transforming pointers and arrays. We will ficult and not very objective to judge the readability of code
have to develop a strategy to allocate storage in a way thatoy simply looking at the code, we have consciously avoided



conclusions about the code readability in this paper. Since
the authors of the paper are familiar with the conversions

applied in these case studies, they probably rate the codd10]
as more readable compared to Java developers who are not
familiar with the code.

Some parts of Ephedra (e.g., goto conversion) could be
further automated or improved to speed up the transforma- (13

(11]
(12]

tion process and to relieve the software engineer. The au-

tomated tools that are currently provided do not have a uni-

form user interface. The IBM VisualAge C++ IDE could be
extended to provide presentation integration for all the au- [14]
tomated tools. Finally, the transformation tool should pre-
serve the comments in the code. This involves finding a [15] S. Liang. The Java Native Interface, Programmer’s Guide
method to identify to which token a particular comment in
the source code really refers to.

Step 2 of the Ephedra approach (i.e., data type and type[17]
cast analysis) has so far only been tested with specially con-
structed examples [6]. It was not needed in the case stud-
ies reported in this paper. We will have to apply the entire
Ephedra method to a program that requires all three Ephedra
steps to demonstrate their effective integration and interac-[18]

tion.

(16]

While these case studies were very successful, we need

to conduct more case studies with larger programs to vali- [19]
date the Ephedra approach further. In particular, we would

like to evaluate the integration of the generated Java code
into mainstream Java programs.
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