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Related Art
As the number and type of hand-held and other electronic
devices increases, there is a cOrresponding increase in the

applications that run on and interface with these devices, as well
15 asanincrease in the desired flexibility for the user to add special
programs and functionality. These devices are sometimes
referred to as “embedded devices," as they include a processor
for executing instructions, special function units, and the
instructions for providing the desired functionality. Embedded
20 devices are typically stand alone devices, having their own
~power supply, but often include the capability to interface with
other systems. For example, embedded devices such as
cellular phones, pagers, and personal digital assistants (PDAs)
typically include a central processing unit (CPU) for executing
25 computer programs stored within the device and a battery
allowing mobility. Subsequent to manufacture of an embedded
device, individual users may desire tb customize their device by
adding special functionality or applications. It is desirable to use
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code for an embedded device is then to maximize the memory
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efficiency and speed of installed applications. Currently, several
methods of increasing the memory efficiency of embedded
applications exist, however, these methods do not generélly

15 extend to the subsequent installation of additional applications
by the user.

Java in particular, is an object-oriented programming
language that is portable, easy to program, and architecture-
neutral. Object-oriented design focuses on the data, referred to

20 as “objects," as well as the interfaces to the objects. The Java
program is able to execute anywhere within a network including
a variety of processing units and operating system architectures.
Java programs are both compiled and interpreted.
Compilation is done once, where compiled Java programming
25 code is referred to as "Java ByteCode" (JBC). The JBCis an
intermediate language that is architecture-neutral or platform-
independent. A Java interpreter parses and runs JBC
instructions on a processor. Interpretation occurs each time the
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browser, uses an implementation of the Java VM. Often, these
tools will either use the Java VM already installed on a system,
or may come bundled with a Java VM. Note that the Java VM
may also be implemented in hardware. In this way, the program
15 may be compiled on any machine with a Java compiler and the
resulting JBC may run on any implementation of the Java VM.
In order to make applications written in Java portable,
much symbolic information is maintained. During normal Java
VM execution of the JBC, the symbolic data is used by the Java
20 VM to perform the dynamic binding whereby the actual pointer to
the referenced structure is obtained. For example, each
reference to a function is represented by the symbolic
information: class name; function name; and signature. The
_class name identifies the class object containing the declaration
25 of the method. The methods identify the various functions
available for that class, and the JBC arrays are programs
‘executed to implement a method. The function name, together

with the signature, identifies the given function within its class.
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argunments passed to and returned by a functi of. The synbolic information
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store themin aqditional problem is latency during execution due to the use of

costly table lookups for handling symbolic references.

To address some of these problems, tools allow for
compacting and formatting of Java class files to more efficiently
15 use memory. "Pre-internalization” is a process of reformatting

Java class file information into a format that, when placed in

memory, represents a class object. Internalization occurs

during loading of a class file and is the process of extracting the

class information from a class file and storing the information in

20 structure(s) in dynamic memory. The pre-internalization proceSs

eliminates' symbolic references and class loading, reducing

dynamic memory storage requirements ahd speeding up

execution of the application. The format of the pre-internalized

file is specific to each Java VM implementation.

25 Pre-internalization occurs after compilation but prior to
normal loading and execution of the JBC. Pre-internalized class
- objects are restructured to eliminate the need to store them in

-dynamic memory, and can therefore be maintained in



dynam ¢ nenor and can therefore be maintained in rCTl%d 19 Vw05
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creation of dynanic objects during execution. $nformation and structures
used to maintain state, as well as dynam c objects, are stored in what is
referred to as the "Java heap”". A 5 problemexists with pre-internalization

as storing cl asperidnentmemaony. pahisfeses Mmobe ofelthel dphasnicmearioryty to
update this information during execution. Current solutions avoid storing
the synbolic i nfarcoreatoniof dyipammiccobjestsydisingeaxecution.hdnfarimatipnbol i c
references be 10 resolved prior to class installation on the target device.
Resol vi ng r ef er@ndestruciuras:sseshtadnaintainr stateraswellias dyramiocat i on of
the referenced item Le. an address. A problem exists in Ere-i nt ernal i zi ng

a set of class @bjests, are stosed in whakhis referigd te as thec heapmdA to
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Gass 1, dassgnific thetlory by réqdithg thafafl dy¥nbbife feféfdhces be
10 resolved prior to class instaliation on the target device.
Resolving references involves replacing the reference with the
location of the referenced item, i.e. an address. A problem
exists in pre-internalizing a set of class files, or “class file unit,”
where a reference is made to classes already installed on the
15 device and for which the locatibn of the referenced item is either
unknown or unreliable. To avoid duplicating the referenced
class information, the installed classes are removed from the
device and repackaged with the set of new files. |
Fig. 1 illustrates a prior art process 6 of processing
20 program files, also referred to as class files. Program files 8,
labeled “Class 1," "Class 2," and "Class 3," are loaded by
- preprocessor 10. Preprocessor 10 géneré,tes formatted class
- file information 12. The formatting converts each program file,
Class 1, Class 2, and Class 3,-to class objects for use during
25 = execution, where the class objects are specific to the JVM
| implementatiqn used. Preprocessor 10 is a tool that may be
-implemented in software or hardware. The formatted class file

information 12 is structured for storage in a target device, where
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i nformati on 20. The prel oaded class information 20 is the conpiled, version
of the formattabuwiceseodde d4 ig spegifioto the JavahViM pmp{emenéedanéhw
image 18 is_stored in device_ nenory 22 of the target deyice. I S case,
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| memory 22 of the target device. In this case, the device
memory 22 includes dynamic memory 26, and permanent
memory 24. In one embodiment, the dynamic memory 26 is
implemented with RAM and the permanent memory 24 is

15 implemented with ROM and/or Flash memory. The dynamic
memory 26 is used during execution for étoring interim values
and variables. The permanent memory 24 includes multiple
portions: a first portion 28 for storing a class l.oade-r; a second
portion 30 for storing a JBC interpreter; and a third portion 32 for

20 storing the preloaded class information 20. The class loader of
portion28 is used for formatting binary class information for use
by the Java VM, and is not required for preloaded class
information 20, as they were formatted during preprocessing and
compilation. The Java VM image 18 stored in the device

25 memory 22 is used to run the Java program files, Class 1, Class
~ 2, Class 3 in program files 8. The device memory 22 is then
~ implemented within a device, such as a hand-held device or

other application.
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permenent menory 24 Hfjseoftenndasirablaterdbketensrdgramdiles froes $he. .

Unfortunately, once class files 8 have been stored in the permanent nenory

24, a user may petmerventmematy24dftepeogranufidctasenhaspertoranedance
fromthe manufacturer of the device. That assistance takes the form of
ei t her returni racess @vilirfariunately; oncemsldase files 8 bave-been stprad inhe
tools associated with process 6 fromthe manufacturer. Mnufacturers are
reluctant to rdheapermanentmemean2de userineay: ot 6emove t[)@e‘«i'@f ed
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method 10  proprietary tools to users. |
Furthermore, it'is often desirable to add additional program
files to the Java VM image in the device memory 22. Often the
program files 8 describe basic functionality for an application,
but the user is free to add supplemental functionality, such as
15 user-specified or application-specific additions that enhance the
device. There are several ways to add program files. In a first -
known process, the process 6 is performed again with the
additional program files included with the program files 8. The
resultant Java VM image 18 then includes the preloaded class
20 . information for all the program files, those in program files 8 plus
the additional ones. This method is not flexible as the method

requires either the user to return to the manufacturer to have the

new program files included in the processing, or the method
requires the manufacturer to provide the program files 8 to the

25 user and allow the user to perform the processing. According to
a second prior art method, illustrated in Fig. 2, additional
program files 42, including program files labeled "Class 4, “Class
5," and "Class 8," are stored in additional permanent memory
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user to performthe processing. According to a second prior art nethod,
illustrated in Fig. 2, additional programfiles 42, including program

files label ed "gGpssudh asRash memend, Thegsrdgram filest42are thendi ti onal
per manent menory WO 02/0/3401 PCl WA~0 ‘05 40, such as Flash nenory. The

program files 4baded: bythecekss lnadéestored ihpodion 28 elipermanenin 28
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store the | oadethemoneld intelytimic mentbay 26 oreexeaution.s The reedianr
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typically limited, maximizing the amount of space available for
the Java heap is crucial in many applications.
Furthermore, the need to class load or internalize the
additional program files 42 must be performed on every
15 execution of the additional program files. In other words, the
program files are not permanently internalized. Such
applications are sometimes referred to as "transient
~applications.” The repetitive internalization significantly slows
execution of the program. [t should also be noted that this
20 process of internalization by a run time loader is not specific to

the Java programming environment.

Brief Description of the Drawings
The present invention is illustrated by way of example and
25 not limited to the accom[ianying figures, in which like references

indicate similar elements, and in which:



The present invention is illustrated by way of exanple and 25 nT?L}#’rmB\ngS
to the accof¥@®OARYY i gures, in which like references indi catREEPR{I4gp42

el ements, and in which: 9~42 0 0 5 Pc& /0194590 02/073401 2 9 FIG 1
illustrates in block diagramforma known nethod of processing program
files for permanent storage in a device nenory;, FIG 2 illustrates in

bl ock. di agram form a fgwq mg_t;lmg(lggin 5l ok digigren®l formn iz Rngeni rhiethpdogf am
in

files to a device nmenory as 1, FIG 3Yillustrates in block diagram
forma portabl e gledersingoprogesniiles forpegmanént stoxage in eadevicen
executable image of the programfile in accordance with the present

i nvention; 10 Flrﬁemory;l ustrates in block diagramformdetails of the
programfile menory structure of the portable device of FIG 3; FIG 5
illustrates in flowHalG. Rdtlustratesdnblook diagamifgrama knowa ineghod of
pre-internalized files in accordance with the present invention, 15 FIG 6
i | lustrates 5n faddingaapplication-specific program fies data deves aiemedy as
processing of pre-internalized files in accordance wth the present

i nvention; FIG imFklG.udirates in block di agramforma client/off-client

1 bl ock di agy am  or i1Gh SnbuSiTALRS i3bloskiagiar{oraL & BAHEDE SHVIGE
v 11 ust r at clP¥ ERCRIVIGOI& ProEAm BraaTy Craating,aherenutabl e & =
the program file in accordance with the present invention;

10 FIG. 4 illustrates in block diagram form details of the
program file memory structure of the portable device of FIG. 3;
| FIG. 5 illustrates in flowchart form a process for creating
and processing pre-internalized files in accordance with the
present invention;

15 FIG. 6 illustrates in flowchart form a process for off-client
creation and processing of pre-internalized files in accordance
with the present invention;

FIG. 7 illustrates in block diagram form a client/off-client
system for implementing the flowchart of FIG. 6; and
20 FIG. 8 illustrates in block diagram form an embodiment of
a device in accordance with the present invention.
Skilled artisans appreciate that elerhents in the figures are
illustrated for simplicity and clarity and have not necessarily
-been drawn to scale. For example, the dimensions of some of
25 the elements in the figures may be exaggerated relative to other
elements to help improve the understanding of the embodiments

of the present invention.
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i nprove the understandi ng of the enbodinents 1df the present invention.

PCIWOP/ 4 34 WD 02/073401 V~005 10 Detailed Description For ease of
il lustration, the Java programm ng | anguage serves as an exenpl ar;

however, the present invention is 5 afDbtgifdd Déscrption programm ng

| anguages as well. Several terns wll be uSe erein wth reference to a
system having enbedded Java progran(s). Menory refers to Read Only Menory
(ROM, witable nmenory, and readable-witable menory. Readabl e-witable

menory may be RandomFmceaselsf straftmRAMe Java programming language

El ectrical |l y- Erasabl e- Programmabl e Menory (EEPROV), Progranmabl e Menory
(PROM), i ncl udi sgrvestas aneexemplamhqmvecv;hemeaqﬂdm@mw IBEPROM) ,

Fl ash Menory, etc. The term "dynam c nenory" ,is usedtoref féﬁ r’iDy
that is dyndm cappycabledat@mesrnﬂr@@ammtngéaaghlagﬁ%ﬁ& Yetdlon or

data when power is rempved fro such a
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10 Memory (RAM), Electrically-Erasable-Programmable Memory
(EEPROM), Programmable Memory (PROM), including both
One-Time PROM (OTPROM) and Erasable PROM (EPROM),
Flash Memory, etc. The term "dynamic memory” is used to refer
to memory that is dynamically allocated and does not retain

15 stored information or data when power is removed from the
device, such as RAM. The term "permanent memory" is used to
refer to memory that is treated as read-only during execution,
and retains stored information or data when power is removed
from the device, such as ROM.

20 The present invention provides a method or process for
creating and using pre-internalized program files written in a
high level-language capable of dynamic loading. As used
herein, the terms ‘method’ and ‘process’ are intended to be
synonymous. A need exists for a method of processing program

25 files that allows for the addition or removal of user-specific

. program files to improve subsequent execution speed of the
additional program files without reducing the amount of dynamic

memory available for execution.



25 files that allows for the addition or renoval of user-specif'ﬁﬁgﬁ%ﬁg?@ﬂS
files to iHﬁ?bW@”§WBsequent execution speed of the additionapcb

files without reducing the amount of dynam c ldenory available for
execution. 4P/ 2015 PCTP Ud 1P WD 02/073401 42 Illustrated in FIG 3 is
an exenpl ary programm ng environnent 44 having a device 45 and additi onal
program files 46 hajfusdratechimiRIGyr$ isahexerhplant psogrammsiinghere n is
an integer. Each class file is of arbitrary size and represents one of 5 a
col lective set ehvisomment 44 bavingta deviee 46 sincd additianaliprogramddess.

It should be understood that the original nmanufacturer of device 45 did
not program devGdhaning an arhitrany ndmberef Aualassofil@s,pwhigrenrisiar 46.

Device 45 is coupled to the additjonal programfiJes 46,via 10 an
appl i cati on mdﬁtyegens.E@hcﬁla%tﬂl@ao AURRLSEZS aa&bre-@&%@ﬁ?mﬁ'é‘gef 48

50. 0o Tor & ofd COlRTvE SBESH PO IIBR G & ues IRBHER 10 B B and
rerory 56 ot or deVRE Boe-t sl PRandBisfiod HidulieraEINat Iec 0. i n ¢ ne
aynam ¢ memory a6 4R ERVIGe 25 Fd3REbRGIANBRYICE 48 WFL 8,
52 and per maneitUSEAted BBFOIRA Bodtdp g6, oot T et rated in
response to the Viriyal;basl fiecalipidd tb¥he additional program files 46 via
10 an application manager 48. Bi-directionally coupled to
application manager 48 is a dynamic memory 52, a permanent
memory 56 and a Virtual Machine (VM) 50. One form of
dynamic memory 52 is a random access memory (RAM), and
permanent memory 56 may be implemented as a Flash
15 memory. Permanent memory 56 stores the pre-internalized
image of additional files 46. In the illustrated form, Virtual
Machine 50 is separately coupled to each of dynamic memory
52 and permanent memory 56. [t should be well understood that
information is transferred within device 45 between dynamic
20 memory 52 and permanent memory 56 via conductors that are
not iflustrated in response to the Virtual Machine 50. In the
illustrated form, Virtual Machine 50 has a class loader 61, a
class resolver 62, a class verifier 63, a resource manager 64, a
dynamic memory manager 65, a byte code interpreter 66, a pre-
25 internalizer 67, and a plurality of preloaded applications and
- fibraries 68 all of which reside in permanent memory 69. The
Virtual Machine 50 also has a Java Heap 54 that resides in

~ dynamic memory 70.
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resol ver 62WOM3L yerifier 63, a resource manager 64, a d;ﬁgﬁﬁg%%%égry
manager 65, a byte code interpreter 66, a pre125 internalizer 67, and a
plurality of preloaded applications and I|ibraries 68 all of which reside
in permanent nmenory 69. The Virtual Mchine 50 also has a Java Heap 54

that resides in dynhmoperertion, deviceEnSwasionginally pregeanmeddy & | n
operation, device 45 was originally programed by a manyfacturer to have -
predet er ni ned pmegnaactures to havepredaiermined program hiestbabaged

applications and libraries 68. Wien such prel gaded appli I ons

execut ed, the \contanes Mﬂhhrﬂﬁ%@rei@&deésapﬁ"@aﬂgrﬁpgbﬂcﬁé@rﬂes%ﬁg‘e and
processes the applications out of its perpanent nenory, 69.,As however
Phat a user of \Mhensuah qreloasecappicaians are exaruted, e \irtualy
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The choice of which memory is used is application specific and
not germane to the present invention. Application manager 48
starts Virtual Machine 50 in a second or pre-internalization mode
that will pre-internalize the program files into the Virtual
15 Machine’s native memory structure. For purposes of
clarification, the term ‘native memory structure’ used herein shall
mean that the operation is specific to the particular Virtual
| Machine being discussed as opposed to any other Virtual
Machine. A native memory structure refers to a particular Virtual
20 Machine where that Virtual Machine is a particular instantiation
of that Virtual Machine on the device. The resuit of the pre-
internalization mode is a pre-internalized image of the program
files that is then stored in permanent memory 56. This pre-
internalized image is a reusable executable image since the pre-
25 internalized image is now resident in permanent memory, and,
-should the newly introduced application need to be executed
subsequently, the pre-internalization does not need to be
repeated. Furthermore, the original coby of the additional files



of that Virtual Machine on the device. The result of the pre- 005
internal i zaWM®¥3We is a pre-internalized i mage of the progrgﬁﬁrﬂﬁﬁ%%éghat
is then stored in permanent menory 56. This pd& internalized image is a
reusabl e executabl e i mage since the pre 25 internalized inmage i s now
resident in permanent nenory, and, should the newy introduced application

need Lo be execaBqslacePire dyHiamid heemmori S2cmperawnent tiemory SGeed o

be repeated. Furthernore, thé original copy of the additional files WO

02/ 073401 PCT) ~ddfi‘tovi bé defeted, résullingdd significantmemenbsavegs:
permanent nmenory 56 can now be deleted, resulting in significant nenory
savi ngs. The Virtual THecVirtaatMashinetaimadstandaed vidual machine that

been nodified in order to be able to performthe pre 5 internalization
function. Priorhasihean madifiecsiniordet to&a able torperiarm HaeiB®-i on. The

cl ass | oader 61 and c| ass resolver 62  .have been nodified, to exec I n
either nornml nipdernalization nNghan; AAHPENItdas Mag ml%'?"rqﬂ@o‘itnﬁﬁéf s
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internal or  nreated by the pre-internalizer 67.
For purposes of clarity, the process of pre-internalization
involves the processing of class files. Initially classes are
brought into the Virtual Machine 50 by the class loader 61.
15 . Class loader 61 creates Virtual Machine-specific data structures
associated with each and every class of the additional program
files 46. In normal mode, classes are loaded by the class loader
61 as determined by application usage. During pre-
internalization, the Virtual Machine-specific data structures are
20 scanned to determine what other classes, either internal or
external to the additional files, are referenced during execution
of the additional classes. In normal mode, class initialization
methods may need to be executed during class loading, hence
requiring the invocation of the byte code interpreter 66. Byte
25 code interpreter 66 performs any initialization that is specific to a
p-redete-rm'ined class. Such classes include, for example, static
initializers. During pre-internalization for the purposes of
installation, execution of the static initializers is not performed.



external to_the additional files, are referenced during executy SV RO 05
addi ti onal gloa‘?éogg“%ll n normal node, class initialization mnet ﬁlo S nég?/é#gd
to be executed during class |oading, hence relq{ui ring the invocation of the
byte code interpreter 66. Byte 25 code interpreter 66 perforns any
initialization that is specific to a predeterm ned class. Such classes,

i nclude, for exBwplctition afithe static mitiatizersmmniyngepuesiihthe mpplication isor

t he purposes of installation, execution of the static initializers_is not
perfornmed. WO O3ehvgexedaerhs The glass resolveess of \bntual Masching: 50 is
initializers only occurs if the application is being execut eFI. The cl ass
resol ver 62 of ysedus reaohieentiesdn eaeh ¢lasss gansiantpee!l [haeach

class's constant pool in a conventional manner  cqnsi stel?stméwdt t he

publ i shed Ja\éa conveational maﬂilli@f eongpﬁemowiﬁ:bt 18P | ¥fution, the
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final imge | s VéfficHtiori &8 al CoRleRfiohl fincTRom vt the Javasprogramming
language and further discussion of the verification will not be
provided. The resource manager 64 stores the resources
associated with the additional files in a manner so that the
15 resources are associated with the additional program files. The
dynamic memory manager 65 is used throughout the process to
create the data structures associated with the class in dynamic
memory. The resultant data structures collectively are referred
to as an internalized image. The final image is then written to
‘20 permanent memory 56. In summary, the pre-internalizer 67 is a
thin piece of code that directs the components of Virtual
Machine 50 to perform these pre-internalization steps.
illustratéd in FIG. 4 is a further detail of the permanent
memory of FIG. 3 after the pre-internalization of two program
25 ' files. A plurality of program files 73, including a third set of
' p'rog-ram files 74, is coupled to a Java Application Manager
(JAM) 76. The JAM 76 maintains a list of dynamically pre-
internalized applications in a permanent memory 92. The pre-




thin piece of code that directs the conponents of Virtual Machine 50 to
per f or m t he3¥0 p2/@7310k er nal i zati on steps. Illustrated in FIG 4ddl&fPriaRe5
detail of the permanent nenory of FIG 3 aft r5the pre-internalization of
two program 25 files. A plurality of programfiles 73, including a third
set of programfiles 74, is coupled to a Java Application Manager (JAM
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is connected to a Virtual Machi avi ng _
conponent s

Machi ne 50 of FRb€eumredtor convenience of illustration, not all
of a virtual -machine are expressly detailed in FIG 4. The Virtual

Machine 725has a byThecdAdMiT6 is porirectad 10 VituaP Miabhine/¥2 having 10

first or normal node of execution, a pre-internalizer 80 for use

WMis in a secdhe same componenisasi\inualdRadhinex8ousf PIG. Bd el oaded

classes 81 of programfiles. The Virtual Machine 72 is coupled to a
per manent nmenoCPIBENE@Ncaiofiilystrapion,imokaldarepormegts 86 2pVirtudl rst set
of program 15 fileghﬂg pre-internalized i nage 88 of a second set of program

files, and spaf@ag @rgr expregshndetaitaddn. FIG. dperBhe MirtualeMbidhing
pr o~ -t er nal | 268 NRSGA T34S aAdedntgmater delor use wiwan IhoMM SRRl | ng
'n the fi "W irst or normal mode of execution, a pre-internalizer 80 for use
when the VM is in a second or pre-internalization mode of
execution, and preloaded classes 81 of program files. The |
Virtual Machine 72 is coupled to a permanent memory 84
containing a pre-internalized image 86 of a first set of program
15 files, a pre-internalized image 88 of a second set of program
files, and space for future program files 90.
In operation, the JAM 76 directs the Virtual Machine 72 to
execute preloaded classes 81 and/or pre-internalized image 86
and/or pre-internalized imagé 88 when operating in the first or
20 normal mode primarily using its byte code interpreter 79. Jam
76 directs Virtual Machine 72 to pre-internalize the third set of
program files 74 by primarily using its preQinternalizer 80. Pre-
internalizer 80 functions to implement the pre-internalization of
the third set of program files 74 in a same manner as described
25  in connection with pre-internalizer 67 of FIG. 3. Pre-internalizer
80 creates an image for the third set of program files 74 that is
then stored in the space for future program files 90. Additionally,
the Jam 76 directs Virtual machine 72 to remove the second set



20 normal node primarily using its byte code interpreter 79. Jam 76

directs Virw@b2Amedi ne 72 to pre-internalize the third set ofpcifdoéasR005
files 74 by primarily using its pre-internaliﬁf 80. Pre- internalizer 80
functions to inplement the pre-internalizationof the third set of program
files 74 in a same manner as described 25 in connection with

f e third et off %9@5% %(;e%gsﬁi??hﬂiﬁé Ex‘a:e'rirﬁéhem6 OdD&!ﬂ-dcr phzfafm ”T‘%E‘r:

ut ur rogram {j Addj L 7 ir s,Virtu in
R L e R
T L e el

pre- nternal | 2 lefnent iRamdPo2, "RAISHIHRIIERRBIYTE & BT qroun
" the. “second prodra ARSI G Jaf 76 OHALIS el Arunt B srfod fof Rl 1o
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second node al so returns its success or ndication to tthe JAM 76

after a requestsgeonddfigde.2 Titis a5sigtsAATAM |76 irfdeternsifingig d he

al ready pre-internalized image 88. It should be noted in both™of the
embodi ment s i | Ipigraradilerseft&n Begore-imtarnalided. Mee Vidual Machinee72
core conponents 15 are being reused by the second node or
e Bresent | mient or o Dar bl ha o e e o iy
transl atedl@®o andwation rtestgmdél\domﬁem‘ter a request for adding a set of
program files 74 or removing the already pre-internalized image
88.
It should be noted in both of the embodiments iliustrated in
FIG. 3 and FIG. 4 that the virtual machine’s core components
15 are being reused by the second mode or pre-internalization
mode. As a result, the virtual machine is enhanced in the
present invention to permit storage of images that have been
fully translated to a memory resource address.
lllustrated in FIG. 5 is a process 100 illustrating a variety of
20 program application execution options for a Java application
manager in association with a Virtual Machine. The process
begins with a start step 101. In step 103 either a user or another
source selects a program file from a set of available program
files. The selected program files may or may not already be
25 present in memory on the device in a pre-internalized image
form. The set contains preloaded classes and/or pre-
internalized images and/or program files external to the Virtual .
- Machine. It should be understood that the processing of



Illustrated in FIG 5 is a process 100 illustrating a variety of 20
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pr ogr am appWwaeainaiexecuti on options for a Java application A
association with a Virtual Machine. The process begins with %*%p
101. In step 103 either a user "or another sodrke selects a programfile

froma set of available program files. The selected programfiles may or
y on the device in a pre-intenmalized

may not al ready be 25 prgignt I n, menor | ]
image form ThBreloadeshcanssesris natidetailaddnsFHadbor Ipeestepti@Sai zed
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user or otlifer twunakeel Asstirhe initiaihe thhteithes e Uisk? or other source
elects to run the program files. Since the prograrh files existin
the pre-internalization space of permanent memory, the Virtual
Machine in normal mode is called by the Java application
manager to execute the pre-internalized image in a step 109.

15 Upon completion of execution, an end étep 100 has been
reached with respect to execution of the program file. Assume
that the user or other source elects to remove the program file
from permanent memory of the device containing the Virtual
Machine. The Java application manager calls the Virtual

20 Machine in the second mode to remove the pre-internalized
image in a step 112. It should be noted that the removal of pre-
internalized images is an additional function of the pre-
internalizer when the Virtual Machine is operating in the pre-
internalization mode. Upon removal, an end step 113 is

25 reached. The Java application manager will also update the list
of dynamically pre-internalized program files in permanent -

memory.



from pernanent nmenory of the device containing the Virtual Machine, The
20 Machine in the d?)j%ﬁ%
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Java appl i cavoepormonger calls the Virtual
renove the pre-internalized image in a step % It should be note
the renoval of pre- internalized inmages is an ditional function of the

pre- internalizer when the Virtual Machine is operating in the pre-

i nternalizati on node. on rem)va& qbénd step 113 is 25 reached. The Java
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files are internalized by the Virtual 15 Machi ne when opér at

first or nornmalchiaide wittt antdatomidtic aisroviteiaallf éeﬂeeisnbhﬁdfruhlth'e

Machine is not used for this pre-intemalization function. Rather,

Vve; It ??Lr % g ngggfeegrm tfilesvismnade bynitie aser ooothersowed) &lstébq 16 is
performed It should be noted that the step 116 is consistent
with execution of a non-pre-internalized program files that would
be performed by the device in FIG 2. Step 116 has a first step

118 in which the program files are internalized by the Virtual

15 Machine when operating in the first or normal mode. Note that
the pre-internalizer of the Virtual Machine is not used for this
pre-internalization function. Rather, the Virtual Machine uses
the various functional portions, such as the verifier, the resolver,
etc., to perform the pre-internalization. In a step 120 the Virtual

20 Machine executes the program files after internalization has
occurred in step 118. A step 121 ends the execution of the
program. It should be noted that because the program was not
a stored pre-internalized image, the step 118 has to be
performed every time that the program files are selected for

25 execution. Returning to step 114, should the user or other

~ source elect to pre-internalize the program files, a step 124 is
'lpefformed rather than step 116. In step 124, the Java
application manager calls the.Virtual Machine in the second or



etc., to performthe pre-internalizat'ion. In a step 120 the Virtual 20
Machi ne exewn esosima program files after internalization has ﬁegﬁgﬂg%@égr@05
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step 118. A step 121 ends the execution of thg program It sho
t hat because the programwas not a stored pr 9 nternalized i nage, the step

118 has to be perfornmed every tine that the programfiles are selected for
114, shoul d the user or other source el ect

25 execution. Retur.njng top ste ) t )
to pre-internal p%"?tﬁgﬁlgﬁﬁﬁﬁqupgﬁ tg.Creale eppredntemalized dmagedn thean
step 116. Inste 4, theJ | i cati ager calls the Vjrtual
Ivacﬁi ne in the @@%ﬁﬁr #%@%m?ﬁbﬁgg}aﬁP%@@ﬂ greatongof the pre-
pre-internalizaty ) t: a -i.pt emal i,zed image in the nmanngr
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programfil es. figi7one form possible 'other sources' for this selection
may i nclude an off-device programfile server or another off-device
source. In a step 1¥fustratediisi BIGi 6 isedA @I?errﬁé’té’"@?ﬁ-bédi.méﬁtﬁﬁdé@é@a' | zed
I mmge has been created on the 15 device. The reason the '"on the device'
criteria has bd&@.aPrtedesso1S0pediis witlhecstsp 131 s Indetope183 |d uskrat es
the situation of receiving an already pre-internalized i mage from an
of f - devi cd0 so0r @dhensounea selects oneconmore prograhe filesdronracsel 6f t he

available program files. In one form, possible "other sources’ for

this selection may include an off-device program file server or
another off-device source. Ina step 135, a decision is made as
to whether a pre-internalized image has been created on the
15 device. The reason the 'on the device’ criteria has been added
to step 135 is because this embodiment iilustrates the situation
of receiving an already pre-internalized image from an off-device
- source and how the pre-internalizer handles that case. If the :
answer is 'yes’, then steps 137, 140, 141, 143 and 144 are
20 ~ exactly the same as steps 107, 109, 100, 112 and 113 of FIG. 5,
respectively. Step 137 may be determined in response to a user
request to either perform a run or a remove operation. If the
answer is 'no’, a step 146 is executed where a decision is made
as to whether a pre-internalized image has been created
25 elsewhere for the device. If the answer to this query is 'no’,
steps 148, 150, 151, 152, 153, 156 and 158 are exactly the
same as steps 114, 116, 118, 120, 121, 124 and 125 of FIG. 5,
respectively. Step 148 may be determined in response to a user
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appl i cati on by t5BDai eadt shep 46 isgehbherl.c- i nstal lation time. In
words, the present invention may be inplenented on a device that functions

as a server. Theref dRefersivesttadelGs 7wilk fupthamitisteate thd Pracéssing of

Machi ne environment on an off 15 device server or on an off-device client
AR e P e g
i s where lhe addressestbeqieedtoifurther deduce thewxeoutiordime=of an
application by significantly reducing the pre-inéta!lation time. In
other words, the present invention may be implemented on a
device that functions as a server. Therefore, advantage is made
of running the Java Virtual Machine environment on an off-
15 device server or on an off-device client (peer-to-peer) that is
similar to the existing device. The difference from an off-device
\ _im-ag;e and an image created by the device’s Virtual Machine is
where the image is stored within the device’s memory resources.
A system 180 generally has a first client device 182, a
20 second client device or server with client device simulation 181
and an application suite 184 that is not resident in a reusable
executable image form on device 182. Client device 182
generally comprises an application manager 204, a dynamic
memory 206, a permanent memory 220 and a virtual machine
25 210. In one form, the structure of devices 181 and 182 is the
same as device 45 of FIG. 3. It should be apparent that
alternate embodiments and modified structure could be created
to perform the functionality taught herein. An optional storage
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likely that this application inmage wll be exe
devi ce 181 i s Maehirwe 188 bperatien irfthecsecont!mody).  VirtualeNigehitzl | s
used nerely to create the pre-intemalized inmage (i.e. device 18 uncti ons
as 15 an appl i t88i utilizes\dynamibencraorgel 82 toisupvon HisanedeeThe
10 stored image may or may not be executed by device 181. If
device 181 is a client device, then it is likely that this application
image will be executed by device 181. If device 181 is a server
with client device simulation, then device 181 is used merely to
create the pre-intemnalized image (i.e. device 181 functions as
15 an application server). When device 181 is used as a server
with client device simulation, the image is optionally stored in
permanent memory 200 which can be located anywhere within
system design choice. When application manager 204 of the
first client device 182 receives the pre-internalized image from
20 permanent memory 200 or from the application manager 185,
then only the last step of pre-internalization must occur. The last
step is step 157 of FIG. 6 and involves a copy and patch of the
pre-internalized image to permanent memory 220. Therefore, it
should be apparent that system 180 functions to enable device
25 182 to avoid the full pre-interhalization processing steps. With
low-end client devices that are extremely limited in processing
power and dynamic memory size, the present invention enables
low-end client devices to be capable to be configured with non-



with client device simulation, the image is optionally stored in_p 2%5
menory 200 wioiezw7emn be | ocated anywhere within systenldesig@dﬂ%ﬁééézgﬁ
application nmanager 204 of the first client vice 182 receives the
pre-internalized i nage from 20 permanent neno 200 or fromthe application

manager 185, then only the last step of pre-internalization nust occur.
The last step is.step 157, of..FIG 6 and invo]ves a copy . and patch of the
pre-internali zé@s’i'aﬁagapﬁlﬁ'@t%rﬁs Fapparegdo ar%aélcga@n&deym| d be

cpparent that okuRAOR, S IARr S Lo BRI Ao S e
(pat are ot o Kob S8 DD BTGNS i Bari EBMERIRY 2%
copl i cat tons. aARaliPANEr AOERsY elRIg it A rlorTiteiaiedip odia e

| ow- end cIL§ntréggh@gyﬁﬁébeﬂkhgught herein is fast as conpared to prior
devices that perfformthe entire€ pre- internalization process every tine a

non-internal i zed pr listiabed IAFIGS Sicadegive BO0RARRBIGMalE te 'S 2

device 300 that inplenments the present invention. Vi ce

brocessor 302 present IrntioA04DENIER 300%ag™ phecesedi 309 aRdipve many

different structures and FIG 8 only illustrates a structure simlar 10 to

that di scussedmiemory804i dulembiryt304nmay bb oriasizet td/lfavé man
bi-directionally coupled to progﬁgsor 30§8gnd meéhory 304 which ¢ gﬂe al so

hop | oo e S5 e and PG, Borllestegeer stiputosinier:
per manent 18endoytregtadiscussed in connection with the prior figures. An /O is
bi-directionally coupled to processor 302 and memory 304 which
are also bi-directionally coupled. In the illustrated form memory
304 has a Java Application Manager 310, a Virtual Machine 312,
a Dynamic Memory 314 and a permanent memory 316.

15 In operation, the processor executes predetermined
instructions. A first portion of memory 304 is coupled to
processor 302 for providing instructions and data to the
processor. In one form, the first portion of memory 304 is the
Virtual Machine 312. Memory 304 contains at least a first, a

20 second and a third set of one or more instructions. Whether
each set of the instruction sets to be discussed contains one or
a plurality of instructions is a matter of design and programming
choice and depends upon how much hardware functionality is
desired versus software functionality. Solely for purposes of

25 discussion, an assumption will be made in the following

- diseussion regarding instruction functionality that a plurality of

instructions will be used in order to minimize the hardware
implementation. However, the instruction functionality to be



15 I n operation, the processor executes predeterm ned instructi /2005
first porti dvO62/03seeory 304 is coupled to processor 302 for M%R%S“Z

i nstructions and data to the processor. In o form the first portion of
menory 304 is-the Virtual Mchine 312. Menor 04 contains at |least a

first, a 20 second and a third set of one or nore instructions. Wether
ai ng one, or
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singl e inst SuctrthIWéfme‘iﬁéiY%imJﬂ?Lﬁef id éfe%ié’?allétfé’ Ble P%%tdl.tfébk?% ige ! or
receiving a first programtTile. e second plura |&tly of instructio S

for pre- interwfihie figst profjrant filé.ogfr?@%ﬁirbeplh'?éﬁtﬁBﬁi?{s{rﬁ.lﬁiodﬁfét‘[]é‘ﬁ' S 5

native nenory structure to Create a reusabl e 'execut’abl e 1 nage e first

L iy i el plogeyTaNe Imate oy soeetie e,
Copo e ok S el o, e, SR Meron POt bemorysc |
internalized 3&4orTﬂj9 teusablerexecutablelpdage il capableyofdbeing ncl ude a
fourth plurality of instructions for receiving and storing a reusable
execut abl d0  eXecuted by the Virtual Machine 312 without being internalized
prior to execution.
Memory 304 of FIG. 8 may also include a fourth plurality of
instructions for receiving and storing a reusable executable
image in the memory. When the reusable executable image is
15 stored, memory pointers are updated by a built-in mechanism to
permit the images to be moved around within the same device
memory. Therefore, the memory which stores reusable
executable images is capable of dynamic memory reconciliation
to effectively use memory storage and reconcile memory to
20 efficiently use available addresses. This.proceés permits
- objects to be moved on the device to create a second reusable
executable image. After a reusable executable image is stored
within a device, the memory addresses within the reusable
executable image(s) are updated to reflect its present memory
25 address. Memory 304 may also include a separate plurality of
instructions which is executed when processing a user request
wherein in response to the user request the virtual machine
- Operates in the pre-internalization mode. A separate plurality of



I mage in the nmenory. Wien the reusabl e executable imge is 15 ster

menory poi nWQ 4y381updat ed by a built-in nechanismto penﬁtraiigzgéﬁ&%?OS
to be noved around within the sanme device nemyy. Therefore, the nenory
whi ch stores reusable executable inages is capable of dynam c nmenory
reconciliation to effectively use nenory storage and reconcile nenory to

20 efficientl ' i r ' ' to be
noved on the ée@?ggi¥§bb%§gﬁgﬁggggﬁoh F%géggﬁgﬁﬁgégggﬁggFééﬂﬁé@§ﬁ&i§¥er a
reusabl e execut ' ha i r b RIA i ' t _ ses

wi thin the reusgﬁ% Erégﬁggﬂ?gg?gai ﬁrr@g%r?srg] rf!a{réeﬁ)ﬁgggt @Toé]}gm )‘Tlté gﬁ%ﬁgsent
menory 25 addr eamiclYiiRiY baOdithey viithin bP ehitéinal ESRAkAdeVIie! Andther

i nstructions which is eXecuted when processing a user request wherein in

response to theplgality efunstrudtions witliih mamiory 3gﬂe|rrﬁwﬁnpetmm the
pre-internalization rnode. A separate plurality of PCTgA/ OP, ';~42 0 0 5
WO 02/ 073405 2 pytessisig ofta user reyuestiby eitherynidvirigpor detallyg t he

transfer of the pre-internalized programfile inmage froma second nenory
whi ch may be eirefrovinga prerinderralized progrand dileckronmdmemorypl ural ity of
instructions within _menory 304 may inplenment the 5 processing of a user
request by either nolhegeatsableaexecutableimage wasipreviously ereated fan
file frommenory. The reusabl e executabl e i mage was, previously created by
pre-internal i zig-interaghzingia progeam file ntothe WIM&Q@@ 3iais ve
menory structure., In such an instantiation, the_ Virtual 10 Machine 312 is
capabl e of exef@tiigymemeaustmiciuteedoisuth an iagtaniiation, the Virdal zi ng
th | bl ¢ j i -
© reusatioe eﬁacgﬁﬁlne 3127 %app;ét())lré of executing the reusable executable
image without internalizing the reusable executable image prior
to execution. The memory 304 may additionally store a
separate plurality of instructions for moving the reusable
executable image to a different location within the memory.

15 Further, memory 304 may store another set of instructions that
are capable of updating memory addresses within the reusable
executable image or pre-internalized program file image. It
should be understood that memory 304 also may store
instructions which implement the process of each of FIG. 5 and

20 FIG. 6.

The present invention is particularly advantageous {o use
in portable, wireless devices. Examples of the type of portable
device that could implement the present invention include a
diverse group such as a telephone, an internet appliance

25 (portable and/or non-portable), a personal digital assistant
(PDA), a pager, a camera, a camcorder (camera/recorder), a
portable television, and products that combine various

communication functions.



to execution. The nenory 304 may additionally store a separate play@si/tnos
of instruct V829 BA0IoVi ng t he reusabl e executable inmage to @cadvdsoenent

| ocation within the nenory. 15 Further, nmenorys304 may store another set of
i nstructions that are capable of updating nenory addresses within. the
reusabl e executable image or pre-internalized programfile image. It

shoul d be under st ood lhqﬁbewné%ééf@ﬁgﬁﬁ}% E‘V%Hﬁﬁ’hleﬁ%ﬂg%%ﬁm ch

i npl ement the process o

dovi ces. Exampl 08 g AR YERIRRY o v DrodiafiAG BndtadeBid (e
present | nvent | Speciié eARBRGiorRSS HByReR|6heR6! BriiY SR inthd B net

appl iance 25 (portable and/or non-porta a persona

(PDA), a pager,apptecites thatymtods modifisatiorerandechangeseandbbe

tel evision, and products that comnbine various comunication functions.

04/ 05/ 2005 SWO w@de withobCUep@tirdpréinahe scopesof theqweresipierigntieni on,

the invention has been described wth reference to Java progranm ng
| anguage and sge&dtiforthrindhewlaimsHoelow: , Fonexdmplegj thepreserit in the
appreci ates that various nodifications and changes can be 5 nade

art
“wi t hout depar t iinyention is applisablefto ather hightlevel grogsammasnget forth in

e present inventign is applicable to
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10  Machine 50 of FIG. 3, for example) may be embodied on one or
more of computer hard disks, floppy disks, 3.5" disks, computer
storage tapes, magnetic drums, static random access memory
(SRAM) cells, dynamic random access memory (DRAM) cells,
electrically erasable (EEPROM, EPROM, Flash) cells,

15 nonvolatile cells, ferroelectric or ferromagnetic memory, compact
disks (CDs), laser disks, optical disks, and any like computer
readable media. Accordingly, the specification and figures are
to be regarded in an illustrative rather than a restrictive sense,
and all such modifications are intended to be included within the

20  scope of present invention. |

Benefits, other advantages, and solutions to problems
have been described above with regard to specific
embodiments. However, the benefits, advantages, solutions to
prob]ems, and any element(s) that may cause any benefit,

25 advantage, or solution to occur or become more pronounced are
not to be construed as a critical, required, or essential feature or
element of any or all the claims. As used herein, the terms

“comprises,” "comprising," or any other variation thereof, are



more of conputer hard disks, floppy disks, 3.5" disks, conputer '
t apes, magndYQ82H3d%s  static random access menory ( SRAM Celﬂ@mg%%OOS

random access nenory (DRAM cells, electrical?g erasable (EEPROM EPROM
Fl ash) cells, 15 nonvolatile cells, ferroelectric or ferromagnetic nenory,
conpact disks (CDs), |aser disks, optical disks, and any |ike conputer
readabl e nedi a. ifiesrRist 18! dovéa seacekekAliven ~frl : 1 '
regarded in an f Iustra??ve #%tﬁer théﬁtgﬁ%ggpric |@gﬂ§%%§%?hgékgpgﬁpegﬁ%h
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i nvention. Benefits, other advantages, and solutions to pro ave been
descri bed abovedpeshnotinciddeonpgthbse ckirhetitsshut malpisekide Other
benefits, advantages, solutions to problens, and any €l enent(s) that may
cause any benefebmwtadvmwexpaesslg isted orrinheresituo such }es®) €
pronounced are not to be construed as a critical, required, or essential
feature or Sel amathod, aniicle; oaldpparateisai ns. As used herein, the terns
conprises, "conprising,” or any other variation thereof, are 0 4_/ ql~V34;0
0 5 WO 02/073401 PC77USO 26 intended to cover a non-exclusive inclusion
such that a process, nethod, article, or apparatus that conprises a |ist
of elenents does not include only those elenents but may include other

el enents not expressly listed or inherent to such process, 5 nethod, _
article, or apparatus. WO 02/ 073401 04/ 05/ 2005 PCT/USQ /49342 27 CLAI M5



1 A process_for operating a virtual machine having a nornmal node
operati on ahvd)%z’???'é"-li ntemal i zati on node of 5 operation, coinCg'ﬁ%g{./g;&{Zzoos
selecting a programfile froma set of availaRlfe programfiles to identify
a selected programfile; determ ning whether a reusable pre-internalized

I mage of the selected programfile has been 10 created, wherein the
reusable pre-intemalized inmage is capalftpAIM®Bei ng executed wit hout
subsequently internalizing the selected program file prior to execution;

if a reusable pre-internalized image of the selected 15 programfile has
not been created, selectively operating the virtual nmachine in the pre-

i nternal i zati of. modeA pmms$fmgopelraﬁn'§pa \zirteaaiafnaehimeﬁmving? & netimeadd

i mage of the sel ect ed(i)éo?ramfi | e; and 20 storing the reusable
pre-internalized i ndi®©ag oloperadienr and @ pgedntemalizationmadg of2. The
process of claim1 further conprising: if a reusable pre-internalized inage
of the sele@ted 25 QRGMRUANS COMPHSINGt been created, selectively

operating the virtual machine jn the pre- ipternalization node is perforned
in response to a user rRRIESINGB m};gmn fqatwa/a/\sgbqf ava ab& The

process of claim1 wherein the vi rtu?l matchj e executes w,thin a firert'
device and the process furth@"OS5ARtdes 10 dantily a selected Rragramdile; zed

'mage of the selected  yotormining whether a reusable pre-internalized
image of the selected program file has been
10 . created, wherein the reusable pre-internalized
image is capable of being executed without
-subsequently internalizing the selected program
file prior to execution;
if a reusable pre-internalized image of the selected
15 program file has not been created, selectively
operating the virtual machine in the pre-
internalization mode, comprising:
creating the reusable pre-internalized image of
the selected program file; and
20 storing the reusable pre-internalized image of
the selected program file into memory.

2.  The process of claim 1 further comprising:
if a reusable pre-internalized image of the selected
25 - program file has not been created, selectively
operating the virtual machine in the pre-
internalization mode is performed in response to
a user request.



5 program f i‘bs"%ﬁ}’ﬁgﬁ | able within the first device, executi npcﬂﬁegl@é%oo5

reusabl e pre-rnte I zed inmage of the selected programfile W
internalizing the reusable pre-internalized i%&ge of the selected program
file prior to execution, and 10 if the reusable pre-internalized i mage of
the selected programfile is available within a second device, separate
fromthe first device, entering the pre- internalization node, copying the
reusabl e pre- internalized inmage of the selected programfile 15 fromthe
second devi ce t3 thiheipracess of €lakmadl vulpesmmtﬁwr%ual snackineLxeeutes
.the reusable pre-internalized jmge of the selected program file. 20 4.
The process of cl ai Withinua fisst deyieei anddhecpeeoessdurther, COMBISeS: hi ne
within a first device; angd. if the reusable pre-internalized ,mage of th
selected programfile isibiheremsable preripternalized inage of tf!?gsePeCteda

oreinternald sed i nage of {hBIOUTBIRJUeIsANRBIE It B Ashepvics; ™ ©
T O0s 20, S e MG e SR TR BBl e of
[rsLrueLione and gata e Lhe, MENRYter gl o, MRS RRhaRZATy °
' the reusable pre-internalized image of the
selected program file prior to execution, and
10 if the reusable pre-internalized image of the selected
program file is available within a second device, -
separate from the first device, entering the pre-
internalization mode, copying the reusable pre-
internalized image of the selected program file
15 from the second device to the first device, and
updating memory addresses within the reusable
pre-internalized image of the selected program
file.

20 4. The process of claim 1 further comprising:
executing the virtual machine within a first device;
and
if the reusable pre-internalized image of the selected
program file is available within the first device,
25 selectively entering the pre-internalization mode
| and removing the reusable pre-internalized
image of the selected program file.




one or mre}#¢ﬁ!@3&;i ons when executed by the processdr sl ?ﬁ@?} £i00 5
; 10

of a progra second set of one or nore instructions,

set of one or nore instructions when executed2%y the processor inplenents
pre-internalizing the programfile into a native nenory structure of a
virtual machine to create a reusable executable image of the programfile;
and 15 a third Set & dewicercamprigingtructions, the third set of one or
nore instructions when executed by the processor inplenents storing the
reusabl e execut abl eaiprapessorfen exesutingiinstractionsgut abl e i mage i s
capabl e of being executed 20 by the virtual machi ne w thout being
internalized prior adirsképemaorny cavpieddmstr processardar providing The

device of claim5 further conprisin econd. nenory either contained
within the device or extlesiryr?tmsrag"fié(%taetomﬂpm&e@soroﬁéedir he first

menory or the second nenDrX conprises.a fourth plurality of instructions,
the fourth et of 5 one'® ¥ GOaprtRdons updating a nenory address

LD e reusabl e exectilt & mAg S n SR AT RO B of
cont i ned within the device Un@Xiehibie ihiGudRY, Whe Blelifes Bydpe,
T e puctpons: the fourtlpailedlor RABIGAMS TP U4 BRogHAAT fle;
a second set of one or more instructions, the second
10 set of one or more instructions when executed
by the processor implements pre-internalizing
the program file into a native memory structure
of a virtual machine to create a reusable
| - executable image of the program file; and
15 a third set of one or more instructions, the third set of
one or more instructions when executed by the
processor implements storing the reusable
executable image, wherein the reusable
executable image is capable of being executed
20 | by the virtual machine without being internalized

prior to execution.




15 processo 3¢t Ne reusabl e executable image to a differg BYi 5
D Rhe RBE

within the second nenory; and a fifth set of one or nore inst
fifth set of one or nore instructions when ex¥tuted by the processor
updati ng nmenory address within the reusable 20 executabl e i mage.
6. The device of claim 5 further comprising a second memory
- either contained within the device or external to the device
and wherein one of the first memory or the second memory
comprises a fourth plurality of instructions, the fourth set of
5 one or more instructions updating a memory address within

the reusable executable image when executed by the

processor.

7. The device of claim 5 further comprising a second memory
10 either contained within the device or external to the device
and wherein one of the first memory or the second memory
comprises:
a fourth set of one or more instructions, the fourth set of
one or more instructions when executed by the
15 processor moving the reusable executable image to a
different location within the second memory; and
S a fifth set of one or more instruétions, the fifth set of one or
| more instructions when executed by the processor
updating memory address within the reusable

20 executable image.




