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ABSTRACT™": This paper describes a prototype
tool that facilitates the process of understanding
and managing multi-language  program
dependencies. More specificaly, the software
tool maintains a repository of host-to-foreign
language dependencies between C/C++ and Java
code. We describe some program comprehension
features of the tool and we discuss a preliminary
case study performed in order to verify its
functionality and validate its usefulness. Based
on the results of this study, we continue
improving the tool.
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1. INTRODUCTION

Today, no one single language can accommodate
al the needs of the software industry. As a
result, multiple programming languages are often
used to implement a single software system. For
instance, portions of a program may be written in
C, Java, and C++ and then integrated into a
single system. Capers Jones has found that at
least one third of the software applications today
are written using two different programming
languages. In addition, he estimates that ten
percent of all applications incorporate three or
more languages [Jones, 1998, page 321]. Despite
this trend toward multi-language software,
almost no attention has been paid to the issue of
measuring the impact on program
comprehension and maintenance when a
combination of different programming languages
isused.

Program dependencies have been
successfully used as a basis for the
comprehension of programs written in just one
language [Wilde and Huitt, 1992]. In fact, Linos
et a. have shown experimentally that when
presenting such dependencies during program
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comprehension, the productivity of software
engineers is increased by 37.4% [Linos et a.,
1994]. An open issue is whether the use of
multi-language program dependencies (MLPDs)
is an equally powerful device for facilitating the
process of comprehending multi-language
programs [Linos and  Schach, 1999].
Furthermore, innovative tools are needed to
detect, dtore, filter, and present such
dependencies in an easy-to-understand and
scaleable way.

Today, there exist numerous program
comprehension tools, which are used during
various phases of the software life cycle [Bassil,
2001]. Moreover, various experiments have been
performed in order to observe the productivity of
users of such tools. In addition, various efforts
have been done in order to create program
comprehension tools, which provide
customizable views. It has also been suggested
that flexible presentation techniques that capture
diagrammatic metaphors can aid program
comprehension [Tilley, 1998]. Despite all this,
not much research has been done on multi-
language program dependencies. For example,
Mittermeir and Motschnig-Pitrik  reviewed
different language paradigms for specifying
component interconnection and provided a
unifying framework for comparing linguistic
features for interconnection  specification
[Motschnig-Pitrik  and  Mittermeir,  1996].
However, their work is done at the language
design level, and their focus is on linguistic
features.  Sellink, Sneed, and Verhoef are
actively involved in research into aspects of
multi-language software, including programs
written in CICS and COBOL [Sellink, Sneed,
and Verhoef, 1999]. Linos presented a tool
caled PolyCARE that detects and displays
graphically program dependencies found in lan-
guages of different paradigms such as C, C++,
Lisp and Prolog [Linos, 1995]. However, the
tool handles each language separately within an
integrated environment. It does not handle the
linkage of multi-language program depend-
encies, a key aspect of the research done here.



We conclude that very little attention has been
paid to the issue of program comprehension
when a combination of different programming
languages is used. Thus the goal of this research
is to facilitate the process of understanding
multi-language program dependencies.

The remainder of this paper is
organized as follows. The second section
discusses the nature of multi-language program
dependencies and how they can be classified and
managed. After that, in the third section, we talk
about our program comprehension tool and in
the fourth section we present a case study for
assessing its usefulness and validating its
functionality. Finally, we close by discussing our
conclusions and some of our future plans.

2. MULTI-LANGUAGE
DEPENDENCIES

When implementing a program using more than
one programming language, we introduce multi-
language program dependencies (MLPDs).
These dependencies arise when one or more
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One entity within aC program
relates to other entities within

entities of one programming language relate to
entities of a different programming language
within the program. For instance, entities
written in one language can reference or use
other entities written in another language. In this
paper, we focus on MLPDs arising from the
interaction of three specific languages namely C,
C++ and Java.

Figure 2.1 summarizes the interface
protocol used among these three languages. It
also includes the keywords used to implement
the host-to-foreign language interface. For
instance, the interaction between C++ and Javais
implemented via the JNI (Java Native Interface)
interface as described in the table of figure 2.1.
More information on how the Java and C/C++
Foreign Language Interface (FLI) protocol is
implemented can be found at [Sun, 2000], [C
Scene, 2000] and [Sun, 2001]. In the later part of
this section, we present some small examples to
demonstrate possible combinations of such
interfaces.

The Java Native Interface (INI) includes a

that program. For example, a
variable X may be defined to be
of type Y; thisis expressed by
thetriplet <Vari abl e,

Type, is-defined-as>

Theext er n keyword is used
and it allows variablesin
separately compiled object files
to be called.

capacity for communication with a Java
Virtual Machine (JVM), allowingaC
program to call Java methods and access
all Java-created data.

Theextern ‘ C notation
alows a part of a C++ program

CH++ to be compiled as though it was
C.

An entity within a C++ program
relates to other entities within
that program. For example, a
class A may inherit properties
from class B; thisis expressed by
thetriplet <C ass A,
Class B, inherits-
fronp

The Java Native Interface (JNI) entails a
capacity for communication with a Java
Virtual Machine (JVM), allowing a C++
program to call Java methods and access
all Javae-created data. Also, a number of
special classes for the manipulation of Java
datain C++ areincluded.

The Java Native Interface (INI)
allows functions from shared
libraries written in C or C++ to
be executed using the Java

nat i ve keyword.

Java

The Java Native Interface (INI)
allows functions from shared
libraries written in C or C++ to
be executed using the Java

nat i ve keyword.

An entity within a Java program relates to
other entities within that program. For
example, aclass A may inherit properties
from class B; thisis expressed by the triplet
<Cass A Cdass B, inherits-
fronp

Figure 2.1 Language dependencies among C, C++ and Java




There exist various library-functions used in
defining interconnections between C and Java. In
that case, the C program must first create a Java
Virtua Machine, using the
JNI _CreateJavaVM ) function in the JINI
library. In order to call a particular method, the
programmer then runs Fi ndCl ass() to create
a pointer to the class and
Get St ati cMet hodl D() to find the offset in
the byte code of the particular function being
referenced. For example, Figure 2.2 shows a C
program that invokes the Pr og. mai n method
defined in the Prog. j ava file [Sun, 2001].
This code snippet contains the primary functions
used in calling a particular Java method.

public class Prog {

public static void main(String[]

args) {
Systemout.printin("Hello

World" + args[0]);

}

/* C code starts here */

res=JNI _CreateJavaVM & vm &env, & m ar gs) ;
cls = (*env)->FindC ass(env, "Prog");

md = (*env)->Cet StaticMthodl D(env, cls,
"main", "([Ljaval/lang/String;)V');

args = (*env)->New(bjectArray(env, 1,
(*env) - >Fi nddl ass(env,

"javal/lang/ String"),jstr);

(*env)->Cal | Stati cVoi dMet hod( env,

cls, md, args);

relations between Java's object types. In
addition, calling C and C++ functions through
Java is done by the creation of a native
method through the Java Native Interface (INI).
A native method is one that has been
implemented in another programming language.
It can be used in the same way a normal Java
method can.

Setting up a native method entails a
four-step process as shown in Figure 2.4. In
addition to creating a compiled object file from
the code, the programmer must also create a
series of special prototypes for the functions,
which alow Java to reference the C or C++
function using its own naming conventions. A
header file containing these prototypes can be
generated automatically by using the j avac
program, which is included in the Sun’'s Java
Developer Kit.

Figure 2.2;: Example of C interfacing with Java

When C programs make use of external
entities defined in C++, then the extern
keyword is typically used to accomplish the C-
to-C++ interface. Moreover, when referencing
entities defined in C from C++ files, the keyword
extern ‘C can be used successfully. A
simple example that demonstrates such an
interface between C and C++ is shown in Figure
2.3 [Sun, 2000].

The interface from C++ to Java is
similar to that from C to Java. It is dlightly
cleaner because of C++'s support of object-
orientation. Sun Microsystems Corp. has created
a wide array of C++ functions defined in the
Java Native Interface (INI), which can be found
in the JNI . h header file. (See [Sun, 2000] and
[Sun, 2001]). Perhaps the most helpful part of
using C++ when interacting with Java is its
support for inheritance. JNI . h defines a series
of dummy classes to help C++ understand the

#i ncl ude <stdio. h>
#include "use_c_c.h" /* C header */
void printme(void) {

printf("Hello fromC\n");

/* C header for use_c.c */
#i fndef _ CPP_USE C C HDR _
#define _ CPP_USE C C HDR _
void printme(void);
#endi f
------------------ use_cpp. hh------------
/'l C++ header for use_c.c
/!l so we can use it with our C++ program
#i fndef __CPP_USE C CPP_HDR _
#define __ CPP_USE C CPP_HDR _
extern "C' void printme(void);
#endi f
------------------- use_cpp.CC-----------
/1 C++ main function that
/'l uses use_c's printme()function.
#i ncl ude <stdio. h>
#i ncl ude "use_cpp. h"
int main(void) {
printne();
return O;

}

Figure 2.3: Example of C interfacing with C++

3. AMULTI-LANGUAGE TOOL (MT)

In this section, we describe our Multi-language
Tool (MT) developed at the CeASER (Center for
Applied Software Engineering Research; see
http://ceaser.butler.edu). The purpose of MT isto
facilitate the process of detecting, storing and
managing MLPDs found in programs written
using a combination of three languages C, C++




and Java. Figure 3.1 shows a use-case diagram
for MT.

/I Stepl: Declare the method:
private native static int
get Capabilities(int id);
private native static float getX(int id);
Il Step 2: Create ashared library.
Il The following is a part of the "joystick" shared library:
JNI EXPORT jint JNI CALL
Java_com central nexus_i nput _Joysti ck_getC
apabilities (JNIEnv *, jclass, jint);
JNI EXPORT jfloat JNI CALL
Java_com central nexus_i nput _Joysti ck_get X
(JNIEnv *, jclass, jint);
JNI EXPORT jint JNI CALL
Java_com central nexus_i nput _Joysti ck_get C
apabilities(JNIEnv *, jclass, jint id)
{JOYCAPS caps;

if (joyGetDevCaps(id + JOYSTI CKI D1,
&caps, sizeof (JOYCAPS)) ! =JOYERR_NCERROR)

return O;

return caps.wCaps; }
JNI EXPORT jfloat JNI CALL
Java_com central nexus_i nput _Joysti ck_get X
(JNIEnv *, jclass, jint id)
{return (jfloat)((jint)Joylnfo[id].wXpos
- HALF_AXI S)/ (jfloat)HALF_AXI'S; }

/I Step 3: Load the shared library into the Java program
static{System | oadLi brary("j oystick");}
//Step 4: Now the function can be called within the

/I Java program asif it was written in Java.

Figure 2.4: Afour-step processto set up a Java
native method.

These actors include the software maintenance
engineer and three databases for storing
information about the user (i.e. the owner of the
multi-language code to be analyzed), information
about the project (i.e. how many files, languages,
etc.), and the information about the various
dependencies, which is gathered from the parser.

O——n

Logn User Informetion Database

X

W
&Jlmerelvbl\ : \

Generate Visual views of .
i inten ons Multi-anguege Interconnections

N

Generate reports of muiti-language
interconnections informetion

Figure 3.1: A use-case diagramfor MT

The use-case diagram also shows the various use
cases that are provided by the MT, such as
login/security transactions, analysis of the code,
generation of diagrammatic views of the MLPDs
and generation of appropriate reports.

3.1 Graphical User Interface

The GUI for MT is based on a simple
presentation model, which entails a series of
displayed circles, one for each programming
language involved in the software. The size of
each of these circles is proportional to the
corresponding number of lines of code.
Moreover, color is used for indicating the
programming paradigm used (e.g. procedura,
object-oriented, functional or logic). Moreover,
at a quick glance, a software engineer can make
the distinction among the host language and the
foreign languages used. In addition, within the
circles, one can see various metrics such as the
total number of files and percentage of lines of
code.

MT's presentation model entails
animation features such as the gravitation of
circles. More specifically, when pushing the
gravitation button, it causes all the circles
representing the languages involved to attract
each another. As aresult, al circles come closer
to each other and overlap accordingly based on
the number of dependencies. The gravitation
algorithm entails both incremental and full
animation features. It is implemented using
ActionScript and  Macromedia  Flash 5
(www.macromedia.com). Moreover, MT
displays various program metrics such as the
number of files, lines of code, number of
languages used, host-to-foreign  program
dependencies etc. It also supports typical GUI
operations such as hide, show, zoom etc. Finally,
MT allows for editing the source code via the
View-Source-Code  button. This feature is
implemented using standard client-side HTML
and server-side Per| scripts.

3.2 The Parser

The prototype parser is implemented using
typical Unix lexical analysistools such as lex. At
this point, it detects and extracts host-to-foreign
function-calls based on keywords such as
native, extern and jniexport.

More specifically, the parser uses a three-step
algorithm as shown in figures 3.2-3.4. These
figures show the state-transition diagrams used
to implement the parsing agorithm. During the




first step, the parser detects the appropriate
keywords and extracts the complete function
definition including its body. Thisinformationis
used as the input to the second step, which A (start of line)

dismantles the function down to its various parts
Beginning of
line found

such as its return value, name and parameters.
({LETTER} or {NUMBERY})*

Scanning

{LETTER}
This information is subsequently piped to the
third step, which extracts the function name. At
the end, the parser stores the line number where
the entity declaration was found; weather or not
the body of the function was present (or if it was

Function Name
Found

smply a prototype) and the name of the Output matching data and return
function. In addition, the parser gathers statistical to start

information. Examples of such information

collected are the number of files parsed, the type Figure 3.4: Sate transition diagram for

of files entailed (e.g. source, header, etc.), the detecting C++ to Java dependencies (third step)

number of interconnections, the number of lines
of code etc. This layer isimplemented as a web-

based application using Perl scripts and cgi 3.3 ATour of MT
forms. In this section, we describe a tour of the main
features supported by MT. The example we use
Scanning during the tour entails a small Joystick driver
mmm ne) written in a combination of C/C++ and Java. It
E = aso includes some other application-specific
oD v languages, .WhICh. we rgfer to as “other”
fanvy //V/*NYP / languages in this section. These “other”
[ Scanning ] [ ST ] (PARAMY languages are not the main focus of the MT
RIS Parameters prototype and they are not discussed here at this

i point.

i S : Scanning Funciion First, the source code of the Joystick
o "fror Y program is uploaded to our 'web-server, its files
m are parsed and the database is populated with all
SamncTored ) ¢ (“Seaming ol the host-to-forei gn interfacing informatio.n. After
[ of function H of function ] that the graphical front-end is invoked
\ ity (implemented in Flash 5.0). Figure 3.5 shows the
default screen showing that the Joystick program
Output matching data and return consists of three main languages. From that

to start
Figure 3.2: Sate transition diagram for
detecting C++ to Java dependencies (first step)

figure we can see that Java is the dominant and
host language occupying 40% of the code. There
is also some C++ code, some C code and also

L some code written in “other” languages. In
{LETTER} addition, we can see on the upper left of the
Cﬂmcﬁmm (LETTER} or {NUMBER} ) i screen in figure 3.5, a couple of pull-down

Found Function Name meﬂUS COHtaI ni ng various program met”CS Ol’l

i the right bottom of the screen we have various

{sPcy buttons supporting hide/show operations of any

_ raphical object. Moreover, in figure 3.5, we can

ppanetion. e < psdicied gezpthe “ G:avitate" button, Wl‘gl]ich is used to

ik invoke the animation algorithm. Also, MT

(PARAM}* utilizes colors to convey semantic information to

the user. For instance, the blue color is used to

ST AT R Output matching data and return indicate that the code is written using the object-

: | tostan oriented paradigm (i.e. it uses classes and

Figure 3.3: Sate transition diagram for inheritance), whereas the red color represents
detecting C++ to Java dependencies (second procedural code.

step)



Figure 3.5: Initial screen presentation of the
Joystick program

In the next step, the maintenance engineer
wishes to know how these pieces of code
(written  in  different  languages) are
interconnected. Then the gravitation algorithm is
invoked where all circles are approaching and
overlapping each other. Figure 3.6 shows a pair-
wise incremental gravitation where the degree of
interconnection between C++ and C is shown.

Figure 3.6: Interconnections between C++ and
C is shown after gravitation.

Whereas, in figure 3.7 we see the result
of the complete gravitation algorithm where all
circles are overlapping to some degree with each
other (except the 2other® languages). Moreover,
Figure 3.8 shows the result of using the hide
button in order to hide the 2other® languages
circle from the screen.

After that, the maintenance engineer
wishes to get to the code where he/she can make
changes. This is accomplished by pushing the
aView Source® button as shown in figure 3.9.
Also notice that the cursor shows the exact
number of interconnections from Java to C. In
the case of the Joystick example there are twelve
host-to-foreign external functions.

Figure 3.7: Language interconnections are
shown after full gravitation.

Figure 3.8: Demonstration of the hide option.
Green circlelabeled “ Other” is hidden.

Figure 3.9: The“ View Source” button allows for
access to the source code.

Finaly, figure 3.10 demonstrates how
the host-to-foreign interfacing functions are
located via hypertext links. In figure 3.11, we
can see how the actua source code can be
changed and modified.



Figure 3.10: Accessing the source codevia a
web-based interface.

Figure 3.11: Editing and modifications of the
source code.

4. A CASE STUDY

In this section, we describe a small case study
using MT. The main objective of the study is to
validate the usefulness of the tool and aso to
assess some of the tool's functionality. During
this exercise, we also observe how the subjects
performed modifications on multi-language
software. To this end, an experiment with four
Computer Science senior students is conducted
during this study. The students are divided into
groups A and B, each having two members, and
they are asked to complete a maintenance task.
None of these four students had used or seen the
program and the MT tool before. Group A is
given the source code of the program to be
modified plus the MT tool, whereas Group B is
given only the source code of the program.
During the experiment, the students do not know
anything about the internal structure of the
program to be modified other than the languages
used to create it. During the course of the

experiment, the groups are asked to think out
loud while solving the problem and their
verbalized thoughts are recorded. A separate
guestionnaire is completed at the end of the
maintenance task.

During the exercise a Joystick program
is given to the students. This program acts as a
joystick driver supporting X, Y, and Z axes. It
consists of 1,694 lines of code found in ten files
and it is written using three programming
languages. For the purpose of this maintenance
task, we request that the students modify the
Joystick program in order to provide support for
an additional axis of movement (e.g. axis R).
The completion of this task requires locating and
editing filesin Java, C and C++.

Finaly, during this study, we gather
guantitative and qualitative results. The
guantitative results reveal the measurements of
the time needed to perform the maintenance
tasks. Moreover, the qualitative results reflect the
usefulness of the user interface and functionality
of thetool.

4.1 Results

Both groups A and B completed the exercise
correctly. Figure 4.1 shows the number of code
changes made (i.e. how many statements were
modified) in order to accomplish the
maintenance task. As we can see from figure 4.1,
the group that used the MT tool (group A)
removed 83 statements and added 196 new
statements in order to finish the maintenance
exercise. However, group B (without the tool)
had to remove 102 lines and add 211. Overdl, it
appears that group A had to edit fewer lines of
code and thus using MT led them to better
quality changes.

Changes Made

- 8 8 & 8 R 8 &

Figure 4.1: Comparison of changes made during
the exercise by groups A and B.



When measuring the time of task-completion, we
discover that Group B (without the tool) took 45
minutes to complete the task, while group A
(with the tool) took 60 minutes to complete the
task. The dlightly longer time taken by group A
may be justified by the need to learn how to use
the tool. We estimate that learning how to use
the MT tool should not take more than 20-30
minutes. We noticed that once group A learned
how to use the tool, a more efficient maintenance
approach was taken. More specifically, we found
that group A removed about 23% fewer lines of
code than group B. Moreover, group A added
8% fewer lines of code than group B in order to
complete the mai ntenance task.

After the completion of the exercise,
both groups are given a series of questions to
answer. Group A is given questions about the
features of the tool to help us evaluate its
performance and user-friendliness. Figures 4.2
and 4.3 show the results collected with respect to
the frequency of use and usefulness of the
various features supported by the MT tool. As
illustrated in figure 4.2, certain features, such as
the capability to 2View Source® code and 2List
Interconnections® were found to be very useful,
and they were used frequently by the members of
Group A. The results shown in figure 4.3 also
support the need for such operations whereas
other operations such as hide/show where not
used frequently perhaps due to the small size
program in hand.

Frequency of Usage
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Figure 4.2: Freguency of use of various
operations supported by the MT tool.

1 B some use

Quseful

BNo use at al

@very useful

Biot very useful

operation

Figure 4.3: Usefulness of various features
supported by the MT tool.

More specifically, as shown in figures 4.2 and
4.3, the tool features that were used at least once
and considered useful by at least one member
include the aView Source®, the 2List of
interconnection®, 2L egend® pull down menu, and
aZoom® operations. The members of Group A
found the 2View Source® code feature of the tool
to be very useful and used it frequently. Both
users responded in writing that it was that feature
they used the most out of al in order to locate
the code needed.

Group A rated the 2Ligt-of-
interconnections® feature as useful. Both groups
responded that this operation was used often,
making it the second most popular feature of
MT. One group member said it was useful in
finding the functions and making them match
when completing the assigned task. Moreover,
the group members responded that the zoom-
infout feature of MT was useful. One member
used it often, but the other only rarely. All
students made suggestions to support the
improvement of the tool with a greater emphasis
on the 2View Source® code and 2List of
I nterconnections® features.




As mentioned earlier, Group B, without
MT, took forty-five minutes to complete the
exercise.  This group mentioned that the
automatic identification of the host-to-foreign
language interconnections would be a good thing
to have. Furthermore, one group member
responded to the exercise saying that the
program was probably too small to indicate
significant feedback and noted that a larger case
study would be necessary to find accurate
results.

4.2 Discussion

The results of this study are limited by the size of
the program being examined, but some very
useful commentary was gleaned from the user
responses, particularly regarding the user
interface, functionality and user-friendliness.
While Group A, who needed to learn to use the
tool as well as solve the problem, took slightly
more time, they ended up making fewer overall
changes to the code, which may trandate to a
gain in efficiency in alarger program. For more
accurate results regarding the increase in
productivity when using the MT tool, another
larger-scale case study is now underway. The
users responses were very positive for the view-
source and language-interconnection capabilities
of the MT tool, which leads us to believe that
those are areas of future enhancement.

5. FUTURE DIRECTION

During this research, we attempt to bring some
light to the comprehension of multi-language
program dependencies. To this end, we
developed a software tool that uses animation
features to help maintenance engineers gain a
high level understanding of a system that is
written in a combination of languages such as
C/C++ and Java.

Based on some preliminary results of a
small case study, we are validating our tool's
usefulness and functionality such as including a
more efficient parsing algorithm and extensions
to incorporate other popular languages such as
COBOL and Fortran. Moreover, we are working
on alarge-scale empirical evaluation.
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