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(57) ABSTRACT 

A computer implemented method, data processing system, 
and computer usable program are provided by the aspects of 
the present invention. Aspects of the present invention 
identify required classes of a software program in the import 
statements in the source code. Next, the aspects of the 
present invention identify an element in a classpath envi 
ronment variable that contain only the required classes and 
generate a neW classpath environment variable With the 
identi?ed element. Aspects of the present invention then 
store the neW classpath environment variable in a classpath 
?le that is speci?c to the software program for subsequent 
invocation. 
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\‘ (PRIOR ARI) 

setenv CONDOR_LOCATION /home/utexas/staff/mausolf/mycondor 
setenv JAVA_HOME /usr/iava/j2sdk1 .4.1_05 
set DIRLIBS=(${CONDOR_LOCATION}/Iib/gt3/Iib/*.jar) 501\setCP=".:${CONDOR_L0CAT|0N}/lib:${JAVA_HOME}/jre/Iib/rt.jar" 
toreach i (${DIRLIBS}) \ \ \ 

504% set CP = ${CP}:"$i" 502 506 
end 
if ( ! $?CLASSPATH ) then 

setenv CLASSPATH ${CP} 
else 

setenv CLASSPATH ${CP}:${CLASSPATH} 
endif 

FIG. 7 
CLASSPATH = luser/local/classes; /user/local/lib; 
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METHOD AND APPARATUS FOR CLASSPATH 
OPTIMIZATION IN A JAVA RUNTIME 

ENVIRONMENT 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates generally to a data 
processing system. In particular, the present invention 
relates to a JavaTM runtime environment in a data processing 
system. Still more particularly, the present invention relates 
to optimiZing a classpath environment variable in the JavaTM 
runtime environment by generating a neW classpath envi 
ronment variable that only includes directories containing 
classes that are required by a current JavaTM program. 

[0003] 2. Description of the Related Art: 

[0004] In the JavaTM runtime environment, When a user 
invokes a JavaTM program, the JavaTM class loader loads 
bootstrap classes, extension classes, and user classes. JavaTM 
runtime environment (JRE) is a product available from Sun 
Microsystems, Inc. Bootstrap classes are classes of the basic 
JavaTM platform. Extension classes are JavaTM archive (JAR) 
?les that are required by the JavaTM platform. User classes 
are classes that are de?ned by program developers. Cur 
rently, the location of the user classes is identi?ed by the 
classpath environment variable, Which lists directories and 
JAR ?les containing class ?les. The classpath environment 
variable is typically set on a user login to be used for all of 
the JavaTM programs. 

1. Field of the Invention: 

[0005] When JavaTM programs are installed, JavaTM class 
loader loads packages containing classes that are required by 
the JavaTM program by traversing the classpath environment 
variable as de?ned by the user. In this Way, the required 
classes may be identi?ed by the JavaTM class loader. HoW 
ever, as the number of directories or JAR ?les de?ned in the 
classpath environment variable increases or as the number of 
JavaTM programs increases, searching through the classpath 
environment variable becomes very time consuming. The 
number of classes or JAR ?les in a directory also is a factor. 
Thus, the number of classes, directories, and JAR ?les may 
increase as additional JavaTM programs are installed. 

[0006] Furthermore, some JavaTM programs may be 
executed repeatedly With different input data. These pro 
grams include programs that process a ?le of credit card 
transactions, cumulative rainfall amounts, seismic data, 
images, or other types of information. These repeatedly 
executed programs are either time sensitive or run on 
resources that are constrained by usage or time. If all 
directories and JAR ?les in the classpath environment 
variable are searched each time one of these programs is 
executed, performance of the program may suffer. 

[0007] Since the required classes must be loaded before 
the JavaTM program can be executed, it Would be advanta 
geous to have the classpath environment variable that only 
contain relevant classes for the current JavaTM program, such 
that the time spent searching for the required classes in the 
classpath environment variable may be minimiZed. 

SUMMARY OF THE INVENTION 

[0008] A computer implemented method, a data process 
ing system, and computer usable program code are provided 

Mar. 15, 2007 

for classpath optimiZation in a platform independent runtime 
environment. A required class is identi?ed in an import 
statement in source code for a softWare program, Wherein 
the softWare program requires the required class. In a 
classpath environment variable, an element containing the 
required class is identi?ed to form an identi?ed element. 
Using the identi?ed element, a neW classpath environment 
variable is generated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The novel features believed characteristic of the 
invention are set forth in the appended claims. The invention 
itself, hoWever, as Well as a preferred mode of use, further 
objectives and advantages thereof, Will best be understood 
by reference to the folloWing detailed description of an 
illustrative embodiment When read in conjunction With the 
accompanying draWings, Wherein: 

[0010] FIG. 1 is a block diagram of a data processing 
system in Which exemplary aspects of the present invention 
may be implemented; 

[0011] FIG. 2 is a diagram illustrating interactions 
betWeen aspects of the present invention in accordance With 
an illustrative embodiment of the present invention; 

[0012] FIG. 3 is a block diagram illustrating the relation 
ship of softWare components operating Within a computer 
system invention in accordance With an illustrative embodi 
ment of the present invention; 

[0013] FIG. 4 is a block diagram of a JavaTM virtual 
machine in accordance With an illustrative embodiment of 
the present invention; 

[0014] FIG. 5 is a diagram illustrating a knoWn script for 
setting the classpath environment variable; 

[0015] FIG. 6 is a diagram illustrating a knoWn classpath 
environment variable generated; 

[0016] FIG. 7 is a diagram illustrating a knoWn classpath 
environment variable; 

[0017] FIG. 8 is a diagram illustrating a knoWn JavaTM 
program source ?le; 

[0018] FIG. 9 is a diagram illustrating an exemplary 
classpath environment variable generated by the aspects of 
the present invention in accordance With an illustrative 
embodiment of the present invention; 

[0019] FIG. 10 is a ?owchart of an exemplary process for 
classpath environment variable optimiZation in accordance 
With an illustrative embodiment of the present invention; 
and 

[0020] FIG. 11 is an exemplary implementation of class 
path environment variable optimiZation in accordance With 
an illustrative embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0021] FIGS. 1-2 are provided as exemplary diagrams of 
data processing environments in Which embodiments of the 
present invention may be implemented. It should be appre 
ciated that FIGS. 1-2 are only exemplary and are not 
intended to assert or imply any limitation With regard to the 
environments in Which aspects or embodiments of the 
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present invention may be implemented. Many modi?cations 
to the depicted environments may be made Without depart 
ing from the spirit and scope of the present invention. 

[0022] With reference noW to the ?gures, FIG. 1 depicts a 
pictorial representation of a netWork of data processing 
systems in Which aspects of the present invention may be 
implemented. Network data processing system 100 is a 
netWork of computers in Which embodiments of the present 
invention may be implemented. Network data processing 
system 100 contains netWork 102, Which is the medium used 
to provide communication links betWeen various devices 
and computers connected together Within netWork data 
processing system 100. NetWork 102 may include connec 
tions, such as Wire, Wireless communication links, or ?ber 
optic cables. 

[0023] In the depicted example, server 104 and server 106 
connect to netWork 102 along With storage 108. In addition, 
clients 110, 112, and 114 connect to netWork 102. These 
clients 110, 112, and 114 may be, for example, personal 
computers or netWork computers. In the depicted example, 
server 104 provides data, such as boot ?les, operating 
system images, and applications to clients 110, 112, and 114. 
Clients 110, 112, and 114 are clients to server 104 in this 
example. NetWork data processing system 100 may include 
additional servers, clients, and other devices not shoWn. 

[0024] In the depicted example, netWork data processing 
system 100 is the Internet With netWork 102 representing a 
WorldWide collection of netWorks and gateWays that use the 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
suite of protocols to communicate With one another. At the 
heart of the Internet is a backbone of high-speed data 
communication lines betWeen major nodes or host comput 
ers, consisting of thousands of commercial, governmental, 
educational, and other computer systems that route data and 
messages. Of course, netWork data processing system 100 
also may be implemented as a number of different types of 
netWorks, such as for example, an intranet, a local area 
netWork (LAN), or a Wide area netWork (WAN). FIG. 1 is 
intended as an example, and not as an architectural limita 
tion for different embodiments of the present invention. 

[0025] With reference noW to FIG. 2, a block diagram of 
a data processing system is shoWn in Which aspects of the 
present invention may be implemented. Data processing 
system 200 is an example of a computer, such as server 104 
or client 110 in FIG. 1, in Which computer usable code or 
instructions implementing the processes for embodiments of 
the present invention may be located. 

[0026] In the depicted example, data processing system 
200 employs a hub architecture including north bridge and 
memory controller hub (NB/MCH) 202 and south bridge 
and input/output (I/O) controller hub (SB/ICH) 204. Pro 
cessing unit 206, main memory 208, and graphics processor 
210 are connected to NB/MCH 202. Graphics processor 210 
may be connected to NB/MCH 202 through an accelerated 
graphics port (AGP). 

[0027] In the depicted example, netWork adapter 212 
connects to SB/ICH 204. Audio adapter 216, keyboard and 
mouse adapter 220, modern 222, read only memory (ROM) 
224, hard disk drive (HDD) 226, CD-ROM drive 230, 
universal serial bus (USB) ports and other ports 232, and 
PCI/PCIe devices 234 connect to SB/ICH 204 through bus 

Mar. 15, 2007 

238 and bus 240. PCI/PCIe devices may include, for 
example, Ethernet adapters, add-in cards, and PC cards for 
notebook computers. PCI uses a card bus controller, While 
PCIe does not. ROM 224 may be, for example, a ?ash binary 
input/output system (BIOS). 

[0028] HDD 226 and CD-ROM drive 230 connect to 
SB/ICH 204 through bus 240. HDD 226 and CD-ROM drive 
230 may use, for example, an integrated drive electronics 
(IDE) or serial advanced technology attachment (SATA) 
interface. Super I/O (SIO) device 236 may be connected to 
SB/ICH 204. 

[0029] An operating system runs on processing unit 206 
and coordinates and provides control of various components 
Within data processing system 200 in FIG. 2. As a client, the 
operating system may be a commercially available operating 
system such as Microsoft® WindoWs® XP (Microsoft and 
WindoWs are trademarks of Microsoft Corporation in the 
United States, other countries, or both). An object-oriented 
programming system, such as, the JavaTM programming 
system, may run in conjunction With the operating system 
and provides calls to the operating system from JavaTM 
programs or applications executing on data processing sys 
tem 200 (JavaTM is a trademark of Sun Microsystems, Inc. 
in the United States, other countries, or both). 

[0030] As a server, data processing system 200 may be, for 
example, an IBM eServerTM pSeries® computer system, 
running the Advanced Interactive Executive (AIX®) oper 
ating system or the LINUX operating system (eserver, 
pSeries and AIX are trademarks of International Business 
Machines Corporation in the United States, other countries, 
or both While LINUX is a trademark of Linus Torvalds in the 
United States, other countries, or both). Data processing 
system 200 may be a symmetric multiprocessor (SMP) 
system including a plurality of processors in processing unit 
206. Alternatively, a single processor system may be 
employed. Instructions for the operating system, the object 
oriented programming system, and applications or programs 
are located on storage devices, such as HDD 226, and may 
be loaded into main memory 208 for execution by process 
ing unit 206. The processes for embodiments of the present 
invention are performed by processing unit 206 using com 
puter usable program code, Which may be located in a 
memory such as, for example, main memory 208, ROM 224, 
or in one or more peripheral devices 226 and 230. 

[0031] Those of ordinary skill in the art Will appreciate 
that the hardWare in FIGS. 1-2 may vary depending on the 
implementation. Other internal hardWare or peripheral 
devices, such as ?ash memory, equivalent non-volatile 
memory, or optical disk drives and the like, may be used in 
addition to or in place of the hardWare depicted in FIGS. 1-2. 
Also, the processes of the present invention may be applied 
to a multiprocessor data processing system. 

[0032] In some illustrative examples, data processing sys 
tem 200 may be a personal digital assistant (PDA), Which is 
con?gured With ?ash memory to provide non-volitile 
memory for storing operating system ?les and/or user 
generated data. 

[0033] A bus system may be comprised of one or more 
buses, such as bus 238 or bus 240 as shoWn in FIG. 2. Of 
course, the bus system may be implemented using any type 
of communication fabric or architecture that provides for a 
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transfer of data between different components or devices 
attached to the fabric or architecture. A communication unit 
may include one or more devices used to transmit and 
receive data, such as modern 222 or netWork adapter 212 as 
shoWn in FIG. 2. A memory may be, for example, main 
memory 208, ROM 224, or a cache such as found in 
NB/MCH 202 as shoWn in FIG. 2. The depicted examples in 
FIGS. 1-2 and above-described examples are not meant to 
imply architectural limitations. For example, data process 
ing system 200 also may be a tablet computer, laptop 
computer, or telephone device in addition to taking the form 
of a PDA. 

[0034] With reference noW to FIG. 3, a block diagram 
illustrating the relationship of softWare components operat 
ing Within a computer system that may implement the 
present invention. JavaTM-based system 300 contains plat 
form speci?c operating system 302 that provides hardWare 
and system support to softWare executing on a speci?c 
hardWare platform. J avaTM Virtual Machine (JVMTM) 304 is 
one softWare application that may execute in conjunction 
With the operating system. JV MTM304 provides a JavaTM 
run-time environment With the ability to execute JavaTM 
application or applet 306, Which is a program, servlet, or 
softWare component Written in JavaTM programming lan 
guage. The computer system in Which JVMTM304 operates 
may be similar to data processing system 200 or netWork 
data processing system 100, as described above. HoWever, 
JVMTM304 may be implemented in dedicated hardWare on 
a so-called JavaTM chip, JavaTM-on-silicon, or JavaTM pro 
cessor With an embedded pico JavaTM Core. 

[0035] At the center of a JavaTM run-time environment is 
the JV MTM, Which supports all aspects of JavaTM’s environ 
ment, including its architecture, security features, mobility 
across networks, and platform independence. The JVMTM is 
a virtual computer component that actually executes J avaTM 
programs. J avaTM programs are not run directly by the 
central processor but instead by the JV MTM, Which is itself 
a piece of softWare running on the processor. The JV MTM 
alloWs JavaTM programs to be executed on a different 
platform as opposed to only one platform for Which the code 
Was compiled. JavaTM programs are compiled for the 
JVMTM. In this manner, JavaTM is able to support applica 
tions for many types of data processing systems, Which may 
contain a variety of central processing units and operating 
system architectures. 

[0036] To enable a JavaTM application to execute on dif 
ferent types of data processing systems, a compiler typically 
generates an architecture-neutral ?le formatithe compiled 
code is executable on many processors, given the presence 
of the JavaTM n run-time system. The JavaTM compiler 
generates bytecode instructions that are nonspeci?c to a 
particular computer architecture. 

[0037] A bytecode is a machine independent code gener 
ated by the JavaTM compiler and executed by a JavaTM 
interpreter. A JavaTM interpreter is part of the JV MTM that 
alternately decodes and interprets the bytecode or bytecodes. 
The bytecode instructions are designed to be easy to inter 
pret on any computer and easily translated on the ?y into 
native machine code. Bytecodes may be translated into 
native machine code by a just-in-time compiler or HT. 

[0038] The JVMTM loads the class ?les and executes the 
bytecodes Within them. The class ?les are loaded by a class 
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loader in the JV MTM. The class loader loads class ?les from 
an application and the class ?les from the JavaTM application 
programming interfaces (APls) Which are needed by the 
application. The execution engine that executes the byte 
codes may vary across platforms and implementations. 

[0039] One type of softWare-based execution engine is the 
just-in-time compiler. With this type of execution, the byte 
codes of a method are compiled to native machine code upon 
successful ful?llment of some type of criteria for jitting a 
method. The native machine code for the method is then 
cached and reused upon the next invocation of the method. 
The execution engine may also be implemented in hardWare 
and embedded on a chip so that the JavaTM bytecodes are 
executed natively. JVMTMs usually interprets bytecodes but 
JVMTMs may also use other techniques, such as just-in-time 
compiling, to execute bytecodes. 

[0040] When an application is executed on the JV MTM that 
is implemented in softWare on a platform-speci?c operating 
system, a JavaTM application may interact With the host 
operating system by invoking native methods. A JavaTM 
method is Written in the JavaTM language, compiled to 
bytecodes, and stored in class ?les. A native method is 
Written in some other language and compiled to the native 
machine code of a particular processor. Native methods are 
stored in a dynamically linked library Whose exact form is 
platform speci?c. 
[0041] With reference noW to FIG. 4, a block diagram of 
a JVMTM is depicted in accordance With an illustrative 
embodiment of the present invention. JV MTM400 includes 
class loader subsystem 402, Which is a mechanism for 
loading types, such as classes and interfaces given fully 
quali?ed names. JVMTM400 also contains runtime data areas 
404, execution engine 406, native method interface 408, and 
memory management 410. Execution engine 406 is a 
mechanism for executing instructions contained in methods 
of classes loaded by class loader subsystem 402. Execution 
engine 406 may be, for example, JavaTM interpreter 412 or 
compiler 414. Native method interface 408 alloWs access to 
resources in the underlying operating system. Native method 
interface 408 may be, for example, the JavaTM Native 
Interface (INT). 

[0042] Runtime data areas 404 contain native method 
stacks 416, J avaTM stacks 418, PC registers 420, method area 
422, and heap 424. These different data areas represent the 
organiZation of memory needed by JV MTM400 to execute a 
program. 

[0043] JavaTM stacks 418 are used to store the state of 
J avaTM method invocations. When a neW thread is launched, 
the JV MTM creates a neW JavaTM stack for the thread. The 
JVMTM performs only tWo operations directly on JavaTM 
stacks: it pushes and pops frames. The thread’s J avaTM stack 
stores the state of JavaTM method invocations for the thread. 
The state of the JavaTM method invocation includes its local 
variables, the parameters With Which it Was invoked, its 
return value, if any, and intermediate calculations. JavaTM 
stacks are composed of stack frames. A stack frame contains 
a state of a single J avaTM method invocation. When a thread 
invokes a method, the JV MTM pushes a neW frame onto the 
J avaTM stack of the thread. When the method completes, the 
JVMTM pops the frame for that method and discards it. The 
JVMTM does not have any registers for holding intermediate 
values; any JavaTM instruction that requires or produces an 
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intermediate value uses the stack for holding the interme 
diate values. In this manner, the JavaTM instruction set is Well 
de?ned for a variety of platform architectures. 

[0044] Program counter (PC) registers 420 are used to 
indicate the next instruction to be executed. Each instanti 
ated thread gets its oWn PC register and JavaTM stack. If the 
thread is executing a JV MTM method, the value of the PC 
register indicates the next instruction to execute. If the 
thread is executing a native method, then the contents of the 
PC register are unde?ned. Native method stacks 416 store 
the state of invocations of native methods. The state of 
native method invocations is stored in an implementation 
dependent Way in native method stacks, registers, or other 
implementation-dependent memory areas. In some JV MTM 
implementations, native method stacks 416 and JavaTM 
stacks 418 are combined. 

[0045] Method area 422 contains class data While heap 
424 contains all instantiated objects. The constant pool is 
located in method area 422 in these examples. The JV MTM 
speci?cation strictly de?nes data types and operations. Most 
JVMTMs choose to have one method area and one heap, each 
of Which are shared by all threads running inside the JVMTM, 
such as JVMTM400. When JVMTM400 loads a class ?le, it 
parses information about a type from the binary data con 
tained in the class ?le. JVMTM400 places this type of 
information into the method area. Each time a class instance 
or array is created, the memory for the neW object is 
allocated from heap 424. JVMTM400 includes an instruction 
that allocates memory space Within the memory for heap 
424 but does not include instructions for freeing space 
Within the memory. Memory management 410 in the 
depicted example manages memory space Within the 
memory allocated to heap 424. Memory management 410 
may include a garbage collector, Which automatically 
reclaims memory used by objects that are not referenced. 
Additionally, a garbage collector also may move objects to 
reduce heap fragmentation. 

[0046] Currently, a JavaTM class loader in class loader 
subsystem 402 loads class ?les 426 in order to execute a 
JavaTM program. The JavaTM class loader identi?es class ?les 
426 that are required by the JavaTM program by traversing 
classpath environment variable 428. classpath environment 
variable 428 tells the JavaTM class loader in JVMTM400 
Where to ?nd class ?les 426, including user-de?ned class 
?les to load. The JavaTM class loader traverses the classpath 
environment variable and examines all of the directories or 
JAR ?les in the classpath environment variable to determine 
if the required class ?les are present. HoWever, as the 
number of directories and JAR ?les to be examined 
increases in the classpath environment variable, class load 
ing e?iciency suffers because there are more and more 
directories or JAR ?les to search through. In addition, if the 
JavaTM program is executed repeatedly, the time spent on 
searching for the required classes may affect performance of 
the program. 

[0047] Aspects of the present invention provide a com 
puter implemented method, data processing system, and 
computer usable program code for classpath optimiZation by 
generating a neW classpath environment variable that only 
include elements containing classes that are required by a 
current JavaTM program. These elements include directories 
and JAR ?les. In an illustrative embodiment, aspects of the 
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present invention may be implemented in a JavaTM class 
loader Within class loader subsystem 402 of JVMTM400 in 
FIG. 4. 

[0048] Turning noW to FIG. 5, a diagram illustrating a 
knoWn script for setting the classpath environment variable 
is depicted. As shoWn in FIG. 5, script 500 sets the classpath 
environment variable 501 to include every directory and 
JAR ?le that is in a user environment. This includes a library 
in /home/utexas/sta?f/mausolf/mycondor directory 502, each 
?le in each jar ?le of the library 504, and a rt.jar ?le in the 
/usr/java/j2sdkl.4.lfOS/jre/lib directory 506. Thus, every 
thing in the user environment, including all of the directories 
and JAR ?les, are included in the classpath environment 
variable regardless of Whether it is relevant to a current 
J avaTM program. 

[0049] Turning noW to FIG. 6, a diagram illustrating a 
knoWn classpath environment variable generated using a 
knoWn script is depicted. After script 500 in FIG. 5 is run, 
classpath environment variable 600 is generated. Classpath 
environment variable 600 includes every directory and JAR 
?le in the user environment including those that are not 
relevant to the current JavaTM program. 

[0050] To avoid examining all directories or JAR ?les 
identi?ed in the classpath environment variable that are 
irrelevant to the program, the aspects of the present inven 
tion generate a neW classpath environment variable by 
including only those directories or JAR ?les that contain 
classes that are required by the current J avaTM program. The 
aspects of the present invention generate the neW classpath 
environment variable by examining the import statements in 
the source code for the current JavaTM program and remov 
ing directories or JAR ?les that do not contain classes 
identi?ed in the import statements. An import statement 
includes the source code of another ?le into the source code 
of the current ?le. 

[0051] The import statements in the source code specify 
classes that are required for the JavaTM program. For 
example, import com.ibm.my_project.* statement indicates 
all class ?les Within the directory com/ibm/my_project are 
required for the JavaTM program. If dependencies exist in the 
required class ?les of the import statements, the aspects of 
the present invention examine the required class ?les them 
selves in a recursive manner until all required classes are 
identi?ed. In order to identify directories or JAR ?les in the 
import statements to be removed, aspects of the present 
invention examine each of the import statements to identify 
the required class ?les. 

[0052] Next, the aspects of the present invention search 
each directory identi?ed in the classpath environment vari 
able for the required class ?les. If none of the required class 
?les are present in the directory, the fully quali?ed name of 
the JAR ?le in the directory is removed from the classpath 
environment variable. If the classpath environment variable 
includes JAR ?les, the aspects of the present invention 
searches each JAR ?le identi?ed in the classpath environ 
ment variable for the required class ?les by utiliZing a 
“jar-tvf’ command. The “jar -tvf’ command lists the content 
of a JAR ?le. If none of the required class ?les is present in 
the JAR ?le, the JAR ?le is removed from the classpath 
environment variable. 

[0053] The aspects of the present invention continue to 
search for the required class ?les until the required class ?les 
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are located. Once all of the required class ?les in the import 
statements are located, a neW classpath environment vari 
able is generated With the remaining directories or JAR ?les 
in the classpath environment variable. In other Words, the 
neW classpath environment variable only includes those 
directories or JAR ?les that contain the required classes. In 
this Way, the time spent searching for the required classes in 
the classpath environment variable may be minimized and 
the JavaTM class loader may locate and load the required 
classes faster. 

[0054] Turning noW to FIG. 7, a diagram illustrating a 
knoWn classpath environment variable is depicted. As 
shoWn in FIG. 7, classpath environment variable 700 iden 
ti?es tWo directories Where the JV MTM may ?nd the class 
?les. In this example, the tWo directories are /user/local/ 
classes 702 and /user/local/lib 704. Within each of the tWo 
directories, there may be hundreds of class ?les and librar 
ies. Thus, searching through the tWo directories for class 
?les at runtime may be time consuming. 

[0055] Turning noW to FIG. 8, a diagram illustrating a 
knoWn JavaTM program source ?le is depicted. As shoWn in 
FIG. 8, JavaTM program source code 800 includes tWo 
import statements, Which indicate the class ?les that are 
required by the current JavaTM program. The tWo import 
statements are import statements 802 and 804. Import state 
ment 802 indicates that class ?le com.ibm.my_project.reg 
istration is required. Import statement 804 indicates that 
class ?le com.ibm.my_project.utilities is required. 

[0056] Currently, the JavaTM class loader searches through 
hundreds of class ?les and libraries in directories 702 and 
704 in FIG. 7 to ?nd the required class ?les as indicated in 
import statements 802 and 804 in FIG. 8. In order to avoid 
searching through all of the ?les and libraries, aspects of the 
present invention generate a neW classpath environment 
variable that includes only directories and JAR ?les that 
contain the required class ?les, such that the search time may 
be reduced. 

[0057] In order to generate the neW classpath environment 
variable, aspects of the present invention examine each of 
import statements 802 and 804 in FIG. 8 to identify required 
class ?les com.ibm.my_project.registration and com.ibm 
.my_project.utilities. Next, the aspects of the present inven 
tion search each directory identi?ed in the classpath envi 
ronment variable, /user/local/classes 702 and /user/local/lib 
704 for the required class ?les. If none of the required class 
?les are present in the directory, the fully quali?ed name of 
a JAR ?le in the directory is removed from the classpath 
environment variable. For example, if no com.ibm directory 
exists in /user/local/classes 702, the fully quali?ed name of 
the JAR ?le in /user/local/classes directory 702 is removed 
from the classpath environment variable, such that the 
directory Would not be searched by the JavaTM class loader. 

[0058] On the other hand, /user/local/lib 704 includes a 
plurality of JAR ?les, including my_project.jar. The aspects 
of the present invention searches each JAR ?le identi?ed in 
/user/local/lib 704 for the required class ?les by utiliZing a 
jar -tvf command. The jar -tvf command lists the contents of 
a JAR ?le. For example, a “jar-tvf ] grep com.ibm 
.my_project” command is used to list the contents of the 
my_project.jar. 
[0059] Based on the list of contents, the aspects of the 
present invention determines if the required class ?les 
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com.ibm.my_project.registration and com.ibm.my_projec 
t.utilities are present in my_project.jar. If the required class 
?les are absent, the fully quali?ed path name of the jar ?le 
in the directory is removed from the classpath environment 
variable. HoWever, if the required class ?les are present, a 
neW classpath environment variable is generated With only 
the directories or JAR ?les that contain the required class 
?les. 

[0060] Turning noW to FIG. 9, a diagram illustrating an 
exemplary classpath environment variable is depicted in 
accordance With an illustrative embodiment of the present 
invention. As shoWn in FIG. 9, neW classpath environment 
variable 900 is generated by the aspects of the present 
invention after traversing classpath environment variable 
700 and removing any directories or JAR ?les that do not 
contain the required class ?les for the current JavaTM pro 
gram 800, as described above. 

[0061] NeW classpath environment variable 900 includes 
only tWo JAR ?les: /user/local/lib/runtime.jar 902 and /user/ 
local/lib/my_project.jar 904. In this example, runtime.jar 
902 is needed by the JavaTM runtime environment. 
My_project.jar 904 is a single JAR ?le that is required by 
program 800. Instead of searching through hundreds of class 
?les and libraries in /user/local/classes 802 and each JAR 
?le in /user/local/lib 804 as shoWn in FIG. 8, the JavaTM class 
loader may simply load runtime.jar 902 and my_project.jar 
904 to execute program 800. Once the neW classpath envi 
ronment variable 900 is generated, it may be stored in a 
classpath ?le With a name of the current JavaTM program and 
a .classpath extension. For example, test.classpath. 

[0062] In one illustrative embodiment, When the user 
invokes the program, such as program 800, the program is 
manually invoked by using a “java -c” command With the 
parameter “neW_classpath” program_name. For example, 
“java -c test.classpath test”. The “java -c” command speci 
?es the classpath to be used by the JavaTM class loader. In an 
alternative embodiment, When the user invokes the program, 
the JavaTM runtime environment looks for a classpath ?le 
With the program name “test” folloWed by the .classpath 
extension. If the classpath ?le is found, the neW classpath 
environment variable is set for the program and the program 
is invoked using the neW classpath environment variable. 
HoWever, if the classpath ?le is not found, the aspects of the 
present invention may generate a neW classpath ?le auto 
matically according to the steps as described above. The 
aspect of the present invention then uses the neW classpath 
?le to invoke the program and saves the classpath ?le With 
a .classpath extension for subsequent use. HoWever, the 
automatic generation of optimiZed classpath environment 
variable is optional. For programs that are run infrequently, 
the user may not Want the overhead of optimiZing the 
classpath environment variable each time the program is 
run. On the other hand, if the program is invoked frequently 
and is time sensitive, the user may Want to optimiZe the 
classpath environment variable such that each subsequent 
execution of the program Will take less time and be more 
ef?cient. This e?iciency is achieved because the optimiZed 
classpath environment variable is only generated once for 
the program, but is subsequently used each time the program 
is run. 

[0063] Turning noW to FIG. 10, a ?owchart of an exem 
plary process for classpath environment variable optimiZa 
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tion is depicted in accordance With an illustrative embodi 
ment of the present invention. This process may be 
implemented Within a JavaTM class loader Within a class 
loader subsystem, such as class loader subsystem 402 of 
JVMTM400 in FIG. 4. 

[0064] As shoWn in FIG. 10, from the perspective of the 
JavaTM class loader, the process begins When aspects of the 
present invention examines the import statements of the 
JavaTM program to identify class ?les that are required by the 
program (step 1000). Next, aspects of the present invention 
search the next directory that is identi?ed in the classpath 
environment variable for the required class ?les (step 1002). 
A determination is made by aspects of the present invention 
as to Whether the directory contains the required class ?les 
(step 1004). If the directory contains the required class ?les, 
the directory is included in the neW classpath environment 
variable (step 1006). If the directory does not contain the 
required class ?les, the aspects of the present invention 
remove the fully quali?ed name of the JAR ?le in the 
directory from the classpath environment variable (step 
1008). 
[0065] A determination is then made as to Whether addi 
tional directories are present in the classpath environment 
variable (step 1010). If additional directories are present, the 
process returns to step 1002 to search the next directory for 
the required class ?les. HoWever, if additional directories are 
not present, the aspects of the present invention search the 
next JAR ?le identi?ed in the classpath environment vari 
able for the required class ?les using the “jar-tvf" command 
(step 1012). The “jar -tvf" command lists the contents of the 
JAR ?le. 

[0066] A determination is then made as to Whether the 
contents of the JAR ?le contain the required class ?les (step 
1014). If the JAR ?le contains the required class ?les, the 
JAR ?le is included in the neW classpath environment 
variable (step 1016). If the JAR ?le does not contain the 
required class ?les, the aspects of the present invention 
remove the JAR ?le from the classpath environment variable 
(step 1018). 
[0067] Next, a determination made as to Whether addi 
tional JAR ?les are present in the classpath environment 
variable (step 1020). If additional directories are present, the 
process returns to step 1012 to search the next JAR ?le for 
the required class ?les. HoWever, if additional JAR ?les are 
not present, the aspects of the present invention generate the 
neW classpath environment variable With the directories and 
JAR ?les that contain the required class ?les (step 1022). 
The neW classpath environment variable is then stored in a 
classpath ?le With the program name and .classpath exten 
sion (step 1024). 

[0068] Later, When the user invokes the JavaTM program 
(step 1025), in one embodiment, the JavaTM runtime envi 
ronment looks for a classapth ?le With a program name 
folloWed by a .classpath extension (step 1026). A determi 
nation is made by the JavaTM runtime environment as to 
Whether the classpath ?le exists (step 1028). If the classpath 
?le exists, the program is invoked by using a “java -c 
“neW_classpath” program_name” command (step 1030). 
The neW_classpath is the name of the classpath ?le stored 
With the neW classpath environment variable in step 1024. 
Thus, the process terminates thereafter. HoWever, if the 
classpath ?le does not exist, the process may return to step 
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1000 and repeat the steps to automatically generate a neW 
classpath environment variable. Instead of having to search 
through all of the directories and JAR ?les in the classpath 
environment variable each time a repeatedly executed pro 
gram is executed, the neW classpath environment variable in 
the classpath ?le may be used repeatedly by the JavaTM 
runtime environment. 

[0069] It is noted that automatic generation of a neW 
classpath environment variable is optional. For programs 
that are run infrequently, the user may not Want the overhead 
of optimizing the classpath environment variable. On the 
other hand, if the program is invoked frequently and is time 
sensitive, the user may Want to optimize the classpath 
environment variable such that each subsequent execution of 
the program Will be more efficient. This ef?ciency is 
achieved because the optimized classpath environment vari 
able is only generated once for the program, but is subse 
quently used each time the program is run. Thus, the 
optimized classpath environment variable does not have to 
be generated for a program that is run infrequently or that is 
not time-sensitive. 

[0070] In addition to including only directories and JAR 
?les that contain the required classes, other types of class 
path optimizations may be performed. For example, the 
classpath environment variable may be reordered starting 
from directories or JAR ?les With the highest number of 
classes to directories or JAR ?les With the loWest number of 
classes. By reordering the classpath environment variable 
based on the number of classes the directories or JAR ?les 
contain, the likelihood that the required class ?les are found 
early in the search process is increased because the prob 
ability that the required classes are found is higher in a 
bigger set of directories and JAR ?les than a smaller set of 
directories and JAR ?les. This optimization decreases the 
search time of the JavaTM class loader and the execution time 
of the program, hence, improves the program performance. 

[0071] Turning noW to FIG. 11, an exemplary implemen 
tation of classpath environment variable optimization is 
depicted in accordance With an illustrative embodiment of 
the present invention. This exemplary implementation uti 
lizes the process as depicted in FIG. 10. As shoWn in FIG. 
11, the optimization process begins When a user invokes an 
optimization command “javaoptCp” to optimize the class 
path environment variable for a JavaTM program named 
“my_program.java” (step 1100). JavaTM source ?le 1102 
includes tWo import statements, Which specify tWo required 
class ?les: com.ibm.my_project.registration 1104 and 
com.ibm.my_project.utilities 1106. 

[0072] Upon receiving the “javaOptcp” command, aspects 
of the present invention identify the required classes in the 
import section in source code of JavaTM source ?le 1102 
(step 1108). The aspects of the present invention then locate 
the required classes in the directories as speci?ed by class 
path environment variable 1110 (step 1112). Classpath envi 
ronment variable 1110 includes directories and JAR ?les that 
are required by different J avaTM programs. Once the required 
classes are located, the aspects of the present invention 
remove the directories that do not contain required classes 
from the classpath environment variable (step 1114), since 
these directories are not required for this particular program, 
my_program.java. NeW classpath environment variable 
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1116 is generated by aspects of the present invention as a 
result, Which includes only “/home/mausolf/dev” directory 
1116. 

[0073] Aspects of the present invention then save the neW 
classpath environment variable in an optimized classpath ?le 
With the same ?lename as the JavaTM program but With a 
.classpath extension (step 1118). In this example implemen 
tation, the optimiZed classpath ?le is My_program.classpath 
1120. Once the neW classpath environment variable is saved 
in the classpath ?le, the classpath optimiZation process 
completes. 
[0074] Later, the user invokes the JavaTM program by 
using a “javaopt” command (step 1122). The “javaopt” 
command looks for a classpath ?le With a .classpath exten 
sion of the program name. If the classpath ?le is found, the 
command sets the program classpath to the neW classpath 
environment variable in the classpath ?le by calling a “java 
-classpath” command. By using the “javaopt” command, 
search time by the JavaTM class loader may be minimized. 
The program then executes and the program invocation 
process terminates. 

[0075] It is noted that classpath optimiZation steps 1100, 
1108, 1112, 1114, and 1118 in FIG. 11 are executed only 
once to optimiZe the classpath, While program invocation 
step 1122 in FIG. 11 may be executed multiple times for a 
program that is executed repeatedly. It is also noted that the 
classpath ?le is unique to a program. Thus, each program is 
associated With a different classpath ?le. 

[0076] In summary, the aspects of the present invention 
optimiZes JavaTM program performance, in particular repeat 
edly executed JavaTM program performances, by dynami 
cally ?ltering and reordering the classpath. The aspects of 
the present invention create an optimiZed classpath that is 
speci?c to a particular program in advance of program 
execution. Furthermore, the aspects of the present invention 
may be integrated With enterprise development tools, such 
as Eclipse, to optimiZe the performance of programs during 
their development. In this manner, the optimiZed classpath 
may be deployed all of the Way from the development phase 
to production phase along With the application such that the 
optimiZation is separate from the time-sensitive processing 
of the production resources. 

[0077] The invention can take the form of an entirely 
hardWare embodiment, an entirely softWare embodiment, or 
an embodiment containing both hardWare and softWare 
elements. In a preferred embodiment, the invention is imple 
mented in softWare, Which includes but is not limited to 
?rmware, resident softWare, microcode, etc. 

[0078] Furthermore, the invention can take the form of a 
computer program product accessible from a computer 
usable or computer-readable medium providing program 
code for use by or in connection With a computer or any 
instruction execution system. For the purposes of this 
description, a computer-usable or computer readable 
medium can be any apparatus that can contain, store, com 
municate, propagate, or transport the program for use by or 
in connection With the instruction execution system, appa 
ratus, or device. 

[0079] The medium can be an electronic, magnetic, opti 
cal, electromagnetic, infrared, or semiconductor system (or 
apparatus or device) or a propagation medium. Examples of 
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a computer-readable medium include a semiconductor or 
solid state memory, magnetic tape, a removable computer 
diskette, a random access memory (RAM), a read-only 
memory (ROM), a rigid magnetic disk and an optical disk. 
Current examples of optical disks include compact disk-read 
only memory (CD-ROM), compact disk-read/Write (CD-R/ 
W), and digital video disc (DVD). 

[0080] A data processing system suitable for storing and/ 
or executing program code Will include at least one proces 
sor coupled directly or indirectly to memory elements 
through a system bus. The memory elements can include 
local memory employed during actual execution of the 
program code, bulk storage, and cache memories Which 
provide temporary storage of at least some program code in 
order to reduce the number of times code must be retrieved 
from bulk storage during execution. 

[0081] Input/output or I/O devices (including but not 
limited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. 

[0082] NetWork adapters may also be coupled to the 
system to enable the data processing system to become 
coupled to other data processing systems or remote printers 
or storage devices through intervening private or public 
netWorks. Modems, cable modems, and Ethernet cards are 
just a feW of the currently available types of netWork 
adapters. 
[0083] The description of the present invention has been 
presented for purposes of illustration and description, and is 
not intended to be exhaustive or limited to the invention in 
the form disclosed. Many modi?cations and variations Will 
be apparent to those of ordinary skill in the art. The 
embodiment Was chosen and described in order to best 
explain the principles of the invention, the practical appli 
cation, and to enable others of ordinary skill in the art to 
understand the invention for various embodiments With 
various modi?cations as are suited to the particular use 
contemplated. 

What is claimed is: 
1. A computer implemented method for classpath optimi 

Zation in a platform independent runtime environment, the 
computer implemented method comprising: 

identifying a required class in an import statement in 
source code for a softWare program, Wherein the 
required class is required by the softWare program; 

identifying an element containing the required class in a 
classpath environment variable to form an identi?ed 
element, Wherein the element includes at least one of a 
directory and an archive ?le; and 

generating a neW classpath environment variable using 
the identi?ed element. 

2. The computer implemented method of claim 1, further 
comprising: 

storing the neW classpath environment variable in a 
classpath ?le, Wherein the classpath ?le has a name of 
the softWare program and a classpath extension; 

responsive to user invoking the softWare program, deter 
mining if a classpath ?le With a name of the softWare 
program and a .classpath extension is present; and 
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if the classpath ?le with a name of the software program 
and a .classpath extension is present, invoking the 
software program using the classpath ?le. 

3. The computer implemented method of claim 2, wherein 
the invoking step comprises: 

setting a runtime environment of the software program to 
the new classpath environment variable; and 

loading at least one class that is required by the software 
program using the new classpath environment variable. 

4. The computer implemented method of claim 1, wherein 
the second identifying step comprises: 

determining if a directory listed in the classpath environ 
ment variable contains the required class; 

if the directory contains the class, including the directory 
in the new classpath environment variable; and 

if the directory does not contain the required class, 
removing the directory from the new classpath envi 
ronment variable. 

5. The computer implemented method of claim 4, wherein 
the second identifying further comprises: 

determining if an archive ?le listed in the classpath 
environment variable contains the required class; 

if the archive ?le contains the required class, including the 
archive ?le in the new classpath environment variable; 
and 

if the archive ?le does not contain the required class, 
removing the archive ?le from the new classpath envi 
ronment variable. 

6. The computer implemented method of claim 5, wherein 
the determining step comprises: 

listing contents of the archive ?le using a java-tvf com 
mand; and 

examining contents of the archive ?le to determine if the 
archive ?le contains the required class. 

7. The computer implemented method of claim 1, further 
comprising: 

reordering directories and archive ?les in the classpath 
environment variable starting from directories and 
archive ?les with a largest number of classes to direc 
tories and archive ?les with a least number of classes. 

8. The computer implemented method of claim 2, wherein 
the classpath ?le is speci?c to the software program. 

9. The computer implemented method of claim 1, wherein 
the ?rst identifying, second identifying, and the generating 
steps are performed once prior to an execution of the 
software program. 

10. A data processing system for classpath optimiZation in 
a platform independent runtime environment, the data pro 
cessing system comprising: 

a bus, 

a storage device, wherein the storage device contains 
computer usable code; 

a communications unit connected to the bus; and 

a processing unit connected to the bus, wherein the 
processing unit executes the computer usable code to 
identify a required class in an import statement in 
source code for a software program, wherein the 
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required class is required by the software program; 
identify an element containing the required class in a 
classpath environment variable to form an identi?ed 
element, wherein the element includes at least one of a 
directory and an archive ?le; and generate a new 
classpath environment variable using the identi?ed 
element. 

11. The data processing system of claim 10, wherein the 
processing unit further executes the computer usable pro 
gram code to store the new classpath environment variable 
in a classpath ?le, wherein the classpath ?le has a name of 
the software program and a classpath extension and is 
speci?c to the software program; determine if a classpath ?le 
with a name of the software program and a .classpath 
extension is present responsive to user invoking the software 
program; and invoke the software program using the class 
path ?le if the classpath ?le with a name of the software 
program and a .classpath extension is present. 

12. The data processing system of claim 10, wherein the 
processing unit, in executing the computer usable program 
code to identify an element containing the required class in 
a classpath environment variable to form an identi?ed 
element, executes the computer usable program code to 
determine if a directory listed in the classpath environment 
variable contains the required class; include the directory in 
the new classpath environment variable if the directory 
contains the class; and remove the directory from the new 
classpath environment variable if the directory does not 
contain the required class. 

13. The data processing system of claim 12, wherein the 
processing unit, in executing the computer usable program 
code to identify an element containing the required class in 
a classpath environment variable to form an identi?ed 
element, further executes the computer usable program code 
to determine if an archive ?le listed in the classpath envi 
ronment variable contains the required class; include the 
archive ?le in the new classpath environment variable if the 
archive ?le contains the required class; and remove the 
archive ?le from the new classpath environment variable if 
the archive ?le does not contain the required class. 

14. The data processing system of claim 10, wherein the 
processing unit further executes the computer usable pro 
gram code to reorder directories and archive ?les in the 
classpath environment variable starting from directories and 
archive ?les with a largest number of classes to directories 
and archive ?les with a least number of classes. 

15. The data processing system of claim 10, wherein the 
computer usable program code is executed by the processing 
unit once prior to an execution of the software program by 
the processing unit. 

16. A computer program product comprising: 

a computer usable medium having computer usable pro 
gram code for classpath optimiZation in a platform 
independent runtime environment, said computer pro 
gram product including: 

computer usable program code for identifying a required 
class in an import statement in source code for a 
software program, wherein the required class is 
required by the software program; 

computer usable program code for identifying an element 
containing the required class in a classpath environ 
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ment variable to form an identi?ed element, wherein 
the element includes at least one of a directory and an 
archive ?le; and 

computer usable program code for generating a neW 
classpath environment variable using the identi?ed 
element. 

17. The computer program product of claim 16, further 
comprising: 

computer usable program code for storing the neW class 
path environment variable in a classpath ?le, Wherein 
the classpath ?le has a name of the softWare program 
and a classpath extension; 

computer usable program code for responsive to user 
invoking the softWare program, determining if a class 
path ?le With a name of the softWare program and a 
.classpath extension is present; and 

computer usable program code for invoking the software 
program using the classpath ?le if the classpath ?le 
With a name of the softWare program and a .classpath 
extension is present. 

18. The computer program product of claim 16, Wherein 
the computer usable program code for identifying an ele 
ment containing the required class in the classpath environ 
ment variable to form an identi?ed element, comprises: 

computer usable program code for determining if a direc 
tory listed in the classpath environment variable con 
tains the required class; 

computer usable program code for including the directory 
in the neW classpath environment variable if the direc 
tory contains the class; and 
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computer usable program code for removing the directory 
from the neW classpath environment variable if the 
directory does not contain the required class. 

19. The computer program product of claim 18, Wherein 
the computer usable program code for identifying an ele 
ment containing the required class in the classpath environ 
ment variable to form an identi?ed element, further com 

prises: 

computer usable program code for determining if an 
archive ?le listed in the classpath environment variable 
contains the required class; 

computer usable program code for including the archive 
?le in the neW classpath environment variable if the 
archive ?le contains the required class; and 

computer usable program code for removing the archive 
?le from the neW classpath environment variable if the 
archive ?le does not contain the required class. 

20. The computer implemented method of claim 1, 
Wherein the computer program product further comprising: 

computer usable program code for reordering directories 
and archive ?les in the classpath environment variable 
starting from directories and archive ?les With a largest 
number of classes to directories and archive ?les With 
a least number of classes. 


