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BACKGROUND OF THE INVENTION
1.  Field of Invention ..

The present invention relates generally to methods, apparatus, and software for
managing and accessing computer files. More particularly, the present invention relates
to software, methods, and apparatus for efficiently embedding data files and file names
into object files to create a virtual file system for use by software running on a computer

system.

2. Background

A networked computer system often includes file systems which are shared
between different programs and even different operating systems. A kernel, which
includes generally one or more programs that control basic system functions within an
operating system, has to constantly access physical files, either remote or local, during
the execution of the kernel or during the execution of an application program by the
computer. Such requirements are both time consuming and utilize many computer
system resources. By way of example, having to constantly access a file system which
is located on a remote hard disk generally reduces the overall speed and efficiency at
which the kernel can execute. This in turn can affect the performance of the entire

computer system.

As a result, “virtual” file systems can be created in computer memory, i.e.,
either random access memory (RAM) or read-only memory (ROM). These virtual file
systems can be loaded into computer memory simultaneously with a kemel or

application program which is expected to use the file systems. Loading the virtual file

or during the execution of an application
Such requirenents are both tine consum ng and



systemresources. By way of exanple, having to constantly access a file
systemwhich is |ocated on a renpte hard di sk generally reduces the overall
speed and efficiency at which the kernel can execute. This in turn can
affect’ the performance of the entire 25 conputer system As a result,
"virtual" file systens can be created in conputer nenory, i.e., either
random access nenory (RAM or read-only_penory (ROM. These virtual file
systens can be | oaded into conputer nenory sinultaneously with a kernel or
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As file systems typically include data files, the creation of virtual file systems
generally involves instantiating data files, as well as the names of data files, into object
files which may be linked to obtain an image of executable code that is loaded into the

10 computer memory as the virtual file system. As will be appreciated by those skilled in
the art, an image of executable code is Basfcallj a computer program which includes
computer instructions in a form which can be recognized and processed b;' a computer
processor. Methods used to instantiate data files into object files typically either involve
converting the data into source code for a higher level programming language, or

15  converting the data directly.into a higher-level language data structure, as for example
an array created in the C language. In general, an object file may then be obtained by
using either the source code version of the data contained in data files, or the higher-

level language data structure.

20 Converting data files into source code or a higher-lev'el language data structure
is time consuming however. As data files generally must be converted each time a
program associatéd with the data files is run in order to assure that the virtual data files
used by the program will be current, the process of converting data can greatly reduce
the speed at wl;ich a program may be built, i.e., converted, compiled, and linked,

25 forcing the user to wait for access to operational software. What is desired, therefore, is
an efficient method and apparatus for creating a virtual file system in computer

memory.



generally involves instantiating data files, as well as the nanes of data
files, into object files which may be |inked to obtain an i nage of
execut abl e code that is |loaded into the 10 conput er menory as the virtua
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In one aspect, in accordance with the present invention, a method for creating a

10 virtual file system in 2 computer memory includes, in one embodiment, retrieving a data
file from a file system. A snapshot of the data file is created and converted into an
object data file. In another embodintent, the converted object data file is 1ir;ked to at

least one other object file. In still another embodiment, the data file is concatenated with

at Jeast one other data file to create the snapshot. In yet another embodiment, a set of

15  assembly inst.ructions for creating an object file from the snapshot is generated. The
assembly instructions include instructions to reserve space within the object file for data
contained in the data file. The assembly instructions are converted into an object file and

the snapshot of the data file is copied into the reserved space.

20 In another aspect, in accordance with the present invention, a computer-readable
medjum containing computer-readable program code devices is configured to cause a
computer to create a virtual file system in a computer memory. In one embodiment, the
computer-readable program code devices are configured to cause a computer to retrieve
a data file from a file system. A snapshot of the data file is created and converted into an

25  object data file. In another embodiment, the computer-readable program code devices
are configured to link the object data file to at least one other object file. In still another
embodiment, the data file is concatenated with at least one other data file to create the
snapshot. In yet another embodimen-t, the computer-readable program code devices are

configured to create a set of assembly instructions for an object file from the snapshot.



menory. . -3- SUWARY OF THE | NVENTION I n accordance with the present

I nvention, the above-described difficulties in efficiently converting data
files into source code or a higher-level |anguage data structure are
addressed by providing, in one aspect, a nethod, system and software 5
for creating object files fromdata files by taking snapshots of the data
files. The software, nethods, and apparatus described herein wll be
recogni zed as providing an efficient nmethod for creating virtual file
systenms. |In one aspect, in accordance wi4h the present invention, a nethod
for creating a 10 virtual file systemin a conmputer nmenory includes, in
one enbodi e assemablyiinstiuctions idelnde fnstractiono to reseirvd spacs/witltimthe’otgera fitehfor of
the data file is created and converted into an object data file. In another
enmbodi ment , dath eomsained in the daty Blst Thenssefnblyeinstsudtions and convested lintasan objectot her
object file_ In still another enbodinent, the data file is concatenated

with at | eaflle apddhesnapshay of therdatadile is copiediintothpresarygipese. | n yet anot her

enbodi nent, a set of

5 In yet another aspect, in accordance with the present invention, a computer
system that includes a computer memory in addition to a file system having at least one
data file is provided. The computer system is configured to create a virtual file system
in the computer memory and includes a re;trieval mechanism for retrieving a data file
from a file system. In addition, the computer system includes a data recovery

10 . mechanism for creating a snapshot of said data file. Finally, in another embodiment, a

builder is provided for converting the snapshot into an object data file.

In one embodiment of the above-described computer syst'em, a linker for

linking the object data file to at least one other object file is also provided. In another

15 embodiment, the computer system includes a concatenator for concatenating the
retrieved data file to at least one other data file to create a snapshot of the data file. In

still another embodiment, the computer system includes an assembler for generating a
set of assembly instructions for creating an object file from the concatenated data files.

The assembler further is capable of reserving space within the object file for data from

20 the concatenated data files. A copier for copying the snapshot into the reserved space is

also included.

These, and other aspects and advantages of the present invention, will become
apparent when the Description below is read in conjunction with the accompanying

25 Drawings.



15 assenbly instructions for creating an object file fromthe snapshot is
generated. The assenbly instructions include instructions to reserve space
within the object file for data contained in the data file. The assenbly

i nstructions are converted into an object file and the snapshot of the data
file is copied into the reserved space. 20 I n anot her aspect, in
accordance with the present invention, a conputer-readabl e nedi um
cont ai ni ng conput er -readabl e program code devices is configured to cause a
conputer to create a virtual file systemin a conputer menory. In one
enbodi ment, the conputer-readabl e program code devices are configured to
cause a conputer to retrieve a data file froma file system A snapshot of
the data file_ is_created and converted into an 25 object data file. In
anot her enbBRIEERESGRIETIGNF SHE RRAYWINGS)r ogr am code devi ces are
configured to link the object data file to at | east one other object file.
In still another enbodinment, the data file is concatenated with at | east

ther data filet. te th hot . .| t _anoth di pent,, th
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accordance with an embodiment of the present invention.

Fig. 2 is a process flow diagram which illustrates the steps associated with
launching a new kernel on a computer system in accordance with an embodiment of the
present invention.

10 Fig. 3 is a process flow diagram which illustrates the steps associated with
building a new image of a kernel in accordance with an embodiment oi’ the present
invention.

Fig. 4 is a process flow diagram which illustrates the steps associated with
taking snapshots of data files in accordance with an embodiment of the present

15 invention.

Fig. 5 is a process flow diagram which illustrates the steps associated with
converting snapshots into object files in accordance with an embodiment of the present
invention.

Fig. 6 is a diagrammatic representation of a mapping between a look-up table

20  and file data in accordance with an embodiment of the present invention.

Fig. 7 is a diagrammatic representation of a typical computer system in

accordance with an embodiment of the present invention.



The assenbly instructions include instructions to reserve space within the
object file for data contained in the.data file. The assenbly instructions
are converted into an object file and the snapshot of the data file is
copied into the reserved space. 5 ~In yet another aspect, in
accordance with the present invention, a conputer systemthat includes a
conputer nenory in addition to a file system having at | east one data file
i's provided. The conputer systemis configured to create a virtual file
systemin the conputer nenory and includes a retrieval mechani smfor

retrieving prAREDPESCRPTFIGN OF PRASFINGS! addition, the conputer system

I ncl udes a data recovery 10 mechani smftor creating a snapshot of said
data file. Finally, in another enbodinment, a builder is provided for
converting the snapshot into an object data file. In one enbodi nrent of the
above-deScri bed Certgnembodiyents wf seftwamakmethbds, ahd apparagust fioe crebfimg virtddt a fil e
to at | east one other_object file is also_provided. |In another 15

enbodi ment , flegystemspillche deperibedh herrin helew. inchding-ereheddipg des filepmdafilenat i ng
the retrieved data fjle to at.|least ope other data file . to ¢reat
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20 the concatenated data files. A copier for copying the snapshot into

t he resd0vedonsuacied insore efficiently, thereby improving the performance of both operating

sysiem and application software.

Fig. 1is adiagrammatic representation of a computer system on which a kernel

image may be created, and a computer system on v;rhich the image may execute in

15 accordance with an embodiment of the present invention. A networked computer
system 102 includes a build machine 104 on which a kernel or an application program

106, can be built. In order for kernel 106 to be built on build machine 104, kemel 106
generally must have access to various files which are necessary for execution of the
kemel software (or program). While inclusion of virtual files in kernel 106 is

20  described, inclusion of virtmal files in any program is analogous to the inclusion of
virtual files in kernel 106 as will be described below. By way of example, in the case

for which a kernel is being launched, these files, which may include a file structure, can
further include, but are not limited to, a properties file 108, program code (PC) 112, a

data file (D) 116, and/or a font file (F) 120. These files may be accessible to build

25  machine 104 through a network connection such as shown at 124. By way of example,
propetties file 108, which may be located on a data server 130, may be accessible to

build machine 104 over network connection 124 across a network backbone 126.
Alternatively, files, as for example program code 112, data file 116, and font file 120,

can be located on a data server 134 that is directly linked to build machine 104.
30



al so included. These, and other aspects and advantages of the present

I nvention, wll becone apparent when the Description belowis read in
conjunction with the acconpanying 25 Draw ngs. -5- BRI EF DESCRIPI1 ON COF
THE DRAWNGS Fig. 1 is a diagrammatic representati on of a conmputer system
on which a kernel 5 | mage can be created and a conputer system on which
the i mage can be executed in accordance-Wth an enbodi nent of the present
invention. Fig. 2 is a process flow.diagramwhich illustrates the steps

associ ated wi th Ositncdimpgers niagyweduire aetesoOt the filerspuétare assosiaedwith keinedr dance
wi th an enbodi nent of the present invention. 10 Fig. 3 is a process

f1 ow di agr al®@wherharn image of kereel 106ds InadesisomathesscdomputérsaiThesewoimputersccan new
i mage of a kernel in accordance with an enmbodi nent of _the present
i nventi on. access the requisite files of file structure directly. However, as directly accessing the
file structure is generally inefficient, and, in some cases, impractical, creating a virtual
5 file system in memory that is associated with the computers serves the purpose of

allowing efficient access to the virtual file system.

A computer 140 on which an image of kemnel or application program 106 is to

be run can download an overall representation of kernel (or application) 106, and any

10 file structure associated with kemel 106, into memory 142 %§wiated with computer

140. That is, an image 150 of kemel 106 and the associated file structure may be

downloaded into memory 142 for execution as indicated generally by arrow 148. In

some embodiments, image 150 may be downloaded from build machine 104 over a
network across a network backbone 126. In other embodiments, read-only memory -

15 (ROM) or a hard disk may be used to download image 150 into memory 142.

As discussed above, virtual file systems are generally created to eliminate the
need to constantly access physical file systems during the course of executing a kernel
or other computer program. In general, a virtual file system exists in computer

20 memory, as for example random access memory (RAM) or read-only memory (ROM),
and, hence, enables a program to access the virtuaj file system as if the virtual file
system were a local file system. Object files which correspond to physical files may be
created such that they may be linked together with other files which are relevant to the
program in order to form an executable program, or program image. Files which are

25 normally accessed during the execution of a computer program include data files. In
order to create object files from data files, the data files are usually converted into
source code for a higher programming language. Converting data files into source code
generally also requires a conversion of the source code to assembly language in order

for an object file to be obtained from the data file.



Fig. 4 is a process flow diagramwhich illustrates the steps associ ated
with taking snapshots of data files in accordance with an enbodi nent of the
present 15 invention. Fig. 5 is a process flow diagramwhich illustrates
the steps associated with converting snapshots into object files in
accordance wth an enbodi nent of the present invention. Fig. 6 is a

di agrammatic representati on of a mappi ng between a | ook-up table 20 and
file data in accordance with an enbodi nent of the present invention. Fig. 7
is a diagranmatic representation of a typical conputer systemin accordance
wi th an enbodi nent of the present inventgen. - 6- DETAI LED DESCRI PTI ON OF
THE DRAW NGS 5 Certain enbodi nents of software, methods, and

apparatus for cregati irt file s st ems W be descri bed her.ei n bel ow,
i ncl udi ng enbeddbH ‘ﬁ%ﬁé‘“ﬁ#@sﬁ]&ﬁ&“ﬁ 10 ARIECt ’%\‘F% B5; Bequrees | 8 { hout

converting }elaﬁiré@{oacdn%f? dBRUIEE O reBlicel! APGIdihE Y bne embodiment of the

present invention, one approach to embedding data files directly into object files

5 includes taking “snapshots” of data files at the time a program is being built, and
enabling the snapshots, or concatenated versions of data files, to be readily accessible
in memory to the program when the program executes. Therefore, a virtual file system
which includes the data files is immediately available to an image of a program or a
kernel. '

10
Fig. 2 is a process flow diagram which illustrates a process of launching a new
kernel on a computer system in accordance with an embodiment of the present
invention. As a kernel comprises a set of programs which make up the core of an
operating system, references herein to kernels may be considered to be references to
15 programs in general. Therefore, the terms “kemnel” and “application program” or
“program” will be used interchangeably. The process of installing a new kemel on a
computer system begins at 202. In a step 204, a new image of a kemel is built. In
general, the new image of the kemel is built on a build machine, which may be a
computer that houses the kernel and has access to all files necessary to create the image
20  of the kernel, as was previously described with reference to Fig. 1. The steps
associated with building a new image of a kernel will be described in below with
respect to Fig. 3. After the new image of a kernel is built, the new image of the kernel
is executed in a step 206. For example, a “booter” (i.e., soﬁwa:e effective to cause
other software to launch and operate) on a computer system which will use the image of
25  the kemnel loads the new image of the kernel into memory where the image will execute.
Once the new image.of the kemnel is executed, thé process of launching the new image

is completed at 208.



| anguage data structures, nmaking reference to the acconpanying draw ngs.
Usi ng the software, nethods, and appar.atus described herein, virtual file
systens can be 10 constructed nore efficiently, thereby inproving the
performance of both operating system and application software. Fig. 1 is a
di agrammati c representati on of a conputer systemon which a kernel inage
may be created, and a conputer systemon which the i mage nay execute in 15
accordance with an enbodi nent of the present invention. A networked
conmput er system 102 includes a build mathfne 104 on which a kernel or an
application program 106, can be built. In order for kernel 106 to be built

on build machi nep s I -alg%s,;,- : : Ve 4 OUS
files which are neceggg{ré{i/ (Elég'ﬁe%ﬁ%?‘élt e llgg?ﬁgl&gf)??ﬁmé&gge(ga
progran) . Weire? will Gk desctibedin abcordaiite withl ché enibolifieRedf the Prebent Alventichescr i bed,
i nclusion of virtual files in any programis anal ogous to the inclusion of
virtual fil|Bsatis; skepr20d| of Fig 2uwilhbé Hesosbadle I thiehiflustiated mmboBiment\a ssf ofxanpl e,
in the case for which a kernel is being |launched, these files, which may

include a fiejexant; qusreptclass filogds olipinedsby fhgdpildmaching ing gemdfd. 1A plassdilet o, a
PLOP 15 b o g B SRR oD B bl B 80 0112,
a2, "GACkky BORARE P ngEle 1 O el coBintt e il
accessi bl e iR, In one embodiment, class files are created by compiling source files written in the
Java programming language avaﬂable from Sun Microsystems of Mountain View,
California. The current class files are generally the most recent versions of the class
10 files which are available. In some embo;h'ments, obtaining the class files may entail
locating the class files on the build miachine. In other embodiments, the class files may
be obtained from a computer network or an external storage disk. Howev.er, it will be
appreciated that files other than the above-described class files can be used in
accordance with the methods, software, and apparatus of the present invention.
15
The class files obtained in step 304 are converted into object files in a step 306.
As will be appreciated by those skilled in the art, any suitable method may be used to
convert the class files into object files. After the class files are converted into object
ﬁleé, any object files generated from source code, e.g., C language code, or assembly
20 language are obtained in a step 308. It should be appreciated that only the object files
which are relevant to the kernel are obtained. In a step 310, “special” object files which
are relevant to the kernel are obtained. Special object files are generally considered to be
object files that d_o not need to be converted or generated from other files. Special object
files can be obtained from libraries of object files which were previously created. By
25 way of example, object files which are placed in libraﬁ'es may be object files which
correspond to class files and source code which rarely chaﬁge. Creating an object file
from a source code file each time the source code file is needed by a kemel is

inefficient, especially in the event that the source code file never changes. Therefore, a



bui I d machi ne 104 over network connection 124 across a network backbone
126. Alternatively, files, as for exanple programcode 112, data file 116,
and font file 120, can be located on a data server 134 that is directly

|l inked to build machi ne 104. 30 -7- Other conputers may require access
to the file structure associated with kernel 106 when an inaege of kernel
106 is | oaded on those conputers. These conputers can access the requisite
files of file structure directly. Howeverio-as directly accessing the file
structure is generally inefficient, and, in some cases, inpractical,
creating a specialigbjed file fori the syuwteconde filemayobey credited sich thatzonsvaobjctfileh t he
computers serves the purpose of allow ng efficient access to the virtual
file systenfloss nobhaygite be eeafed pachytimeltheseuicereasle fids is keaded| or appl i cation
program 106 is to be run can download an overal|l representation of kernel
(or application) 106, and any 10 file structure associated with kernel

106, ) 0TS shdRnassac i Mt N PG e I Hoond e 150 O
5  snapshots are taken of data files which are part of a file system to which the kernel
requires access. The sub-steps associated with taking the snapshots of relevant data
files will be described below with respect to Fig. 4. After the snapshots of the data files
are taken in step 312, process flow proceeds to a step 314 in which the sﬁapshots of the
data files are converted into object files. One method which may be used to convert

10  snapshots into object files will be describe below with reference to Fig. 5.

Once the snapshots are converted into object'files, all object files associated
with the kernel are linked together in a step 316. The purpose of linking the object files
is to obtain an executable image of the kernel. Methods used to link object files to create

15 an executable file are well known to those of ordinary skill in the art. In some
embodiments, since the special object files which were previously obtained in step 310
do not need to be converted or otherwise generated, the special object files may be
obtained as a part of the step of linking all relevant object files. In other words, the
special object files may be obtained as a part of step 316. After the image is obtained,

20  the process of building a new image of a kernel ends at 318.

It should be appreciated that the object files may be linked in many different
ways. By way of example, several object files may be linked together to form one
“large”™ object file. This large object file may then be linked with other object files to

25 create an image. Further, in some embodiments, all relevant data files may not be
initially identified in step 312. As such, steps 312 and 314 may be repeated until
snapshots of all relevant data files are' converted into object files. In addition, it will also
be appreciated by thoso.;. of skill in the art that the above-described sequence of

operations can be re-ordered without departing from the present invention.



downl oaded into nmenory 142 for execution as indicated generally by arrow
148. I n sone enbodi nents, inage 150 nay be downl oaded from buil d machi ne
104 over a network across a network backbone 126. In other enbodi nents,
read-only nmenmory 15 (ROM or a hard di sk nay be used to downl oad i mage 150
into menory 142. As di scussed above, virtual file systens are generally
created to elimnate the need to constantly access physical file systens
during the course of executing a kernel or other computer program In
general, a virtual file systemexists iAltenputer 20 menory, as for
exanpl e random access nenory (RAM or read-only nenory (ROM, and, hence,
enabl es a -progr L he vi | ' he vigjiual file
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which are relevant " to the programin order to form an executable program

or program invegton. Al liseof died files, avtich’dre nedded rEbiliM aedeinapd, ¥wbtaligdtine
execution of a conputer programinclude data files. In order to create
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are concatenated together to form a single data file in a step 404. Methods used to
concatenate files are well-known to those of ordinary skill in the art. While a single
10 large file is typically created by concatepating data files in step 404, it should be
appreciated that rather than creating a single large file, several smaller files may be

created instead.

In the described embodiment, the single file of concatenated data files includes
15  all of the data contained in the individual data files. The concatenation of the data files
does not involve a conversion of the data contained in the data files. The single large
file formed by concatenating data files is considered to be a snapshot of the data files.
After the data files are concatenated, the process of taking snapshots of data files ends
at 406.
20
Fig. 5 is a process flow diagram which illustrates the steps associated with
converting snapshots of data files into object files in accordance with an embodiment of
the present invention. In other words, Fig. 5 illustrates step 314 of Fig. 3. In a step
502, a new list of data files is generated. The list of data files used in step 402 of Fig. 4
25  is processed to create a new list of data files which includes new file names that are
appropriate for a virtual file structure. That is, file names which a run-time kernel can
use to Jocate the files within the virtual file structure is created. By way of example,
strings which comprise the names of data files typically include a directory path. Since

the virtual file structure may require a different directory path, in one embodiment, the



By enmbedding data files directly into object files, the resources and tine
required to convert data files can be reduced. According to one enbodi nent
of the present invention, one approach to enbedding data files directly
into object files 5 i ncl udes taking "snapshots" of data files at the tine
a programis being built, and enabling LQQ_snapshpts, or concat enat ed
versions of data files, to be readily acCéssible in nenory to the program

when the pr agmesvdecfilesmay bb @ioaffa o retnovk el dirédtay?xtﬁma}nwiaéﬁ&nwcl udes
the data files is immediately available to an inmage of a programor a

kernel . 10 Find addn¢vs digeqiory peths, théreby atsemtjallyrorsating hew himkstforthedatafips.ocess of
| aunching a new kernel on a conputer systemin accordance wth an
enbodi ment of the present invention. As a kernel conprises a set of

o Rernel o my DA ufleh A HSPE Y JapEeet SRRy Mo dap s Th agoner al
o, SRR kRl ST W Yl B A, ™
conput er syShRffniRal Which!reiR3 10/ dh Sbjéct Gl Hifbh B BOW EHREE Phod KSHBE! 1S
burtt-n snapshot. An object file formed to hold data in accordance with the present invention
will initially be formed with a “hdie,” or reserved space, included within the object file.
This hole is intended for the inclusion of the data snapshot, or snapshots, obtained as
10 described above with respect to Fig. 4. As such, the hole must be properly sized to
include the snapshot. Hence, the data allocation file typically includes information
which relates to the size of the hole, in addition to information regarding id(?ntiﬁcation

symbols which are used in a file name look-up structure file.

l:S Assembly language instructions for a file name look-up structure file are
| generated in a step 506. A file name look-up structure is used to associate a new file
name, i.e., a file name from the list created in step 502, with data. In general, fhe look-
up structure is used to associate file names with appropriate data while a kernel is

running. One look-up structure file will be described below with reference to Fig. 6.

20

In a step 508, the assembly language instructions from the data allocation file
and the look-up structure file are used to create an object file. In other words, the
assembly language instructions generated in steps 504 and 506 are converted into an
object file, or files, in step 508. Assembly language instructions may be converted into
25  object files using any suitable assg:mbler. It should be appreciated that step 508 is
substantially the same as step 308 of Fig. 3. However, while object files may be
generated from either source code or assembly language instructions in step 308, object
files are only generated from assembly language instructions in step 508. Each object

file created in step 508 includes a hole of a size sufficient to accommodate data



general, the new i nage of the kernel

Is built on a build machine, which may

be a conputer that houses the kernel and has access to all files necessary
to create the image 20 of the kernel, as was previously described with

reference to Fig.

1. The steps associated with building a new i mage of a

kernel- will be described in belowwith respect to Fig. 3. After the new
I mge of a kernel is buiIt the new i mage of the kernel is executed in a
step 206. For exanpl e, "boot er " (1. of tware effective to cause other

software to | aunch and operat e) on a corrput er systemwhich wll
i mage of 25:ontdiedl@tieh skapRbE af Specificlin tHERER afbcaliBiE fileS 1) Bénetdh /1 SBREP

use the

ry where

the inmage wll execute. Once the new i mage of the kernel is executed, the
process of filisakinged suth thiue ticipoRipns bSthe objpdt dilethatdorié§idnd to ﬂerasseBﬁ;ﬂyarrl ng

next to Fig. 3,

wi || be deslengusgd inistructions fot shredeokwp strucines assplactid e atspesifict seetiqur suck that

I nventi on.

That is, step 204 of Fig. .2 wll be described. In the

the steps associated with building a new i mage of a kernel

i |l ustrated H?B\S‘HPI%E\‘&“’“%%’“@WW&?‘&%WPS “’é&ﬁa@mb"éP%?é%daH‘PléngsA%bt ai ned
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such, the hoo?c -up structSu}e% Fr)na:))"% buiAi tﬁg w%en the object files are linked

together, i.e., the look-up structures may be created in step 316 of Fig. 3.

After the object file is created, the file data contained in a snapshot of data files
is copied into the object file in a step 510. That is, the data from the snapshot is
embedded in the object file. Specifically, the data contained within the snapshof is
copied into the hole which was included. in the object file at the time the object file was
created in step 508. Once the data contained within the snapshot is copied into the

object file, the process of converting snapshots to data files is completed at 512.

Referring next to Fig. 6, a mapping between a file name look-up structure, as
mentioned above with respéct to Fig. 5, and file data will be described in accordance
with an embodiment of the present invention. A look-up table section 602 generally
includes symbolic links to a file data section 604. Look-up table section 602 includes a
first entry 606 which is symbol that is meant to indicate the beginning of look-up table
section 602. Intermediate entries, as for example intermediate entry 608, in look-up
table section 602 hold data file names which are appropriate for a virtual file structure,
i.e., entry 608 holds a new file name generated in step 502 of Fig. 5. Entry 608 can
also hold various other information in addition to a file name 608a. This other data can
include, but is nét limited to, attributes 608b and data addresses 608c. Thus other data
can further include references to other sections, or files, which contain information that
is relevant to the file which corresponds to file name 608a. The last entry 610 generally
included in look-up table section 602 is arranged to identify the end of the look-up table
section. In the embodiment as shown, last entry 610 is a null entry, as last entry 610

comprises null values.



5 may be defined as a file which contains a software construct that
defines the data, e.g., state, and nethods, e.g., behavior, of objects that
may be constructed using the class file. In one enbodinent, class files are
created by conpiling source files witten in the Java progranm ng | anguage
avai l abl e from Sun M crosystens of Muntain View, California. The current
class files are generally the nost recent versions of the class 10 files
whi ch are available. In sone enbodi nents, obtaining the class files may
entail locating the class files on the hyil-d nachiine. In other

enbodi nments, the class files may be obtained froma conputer network or an

Chan the above. dateRticadiPUfityos phids Mnle na ERYEh rkpiniilo adargflen 1 e
met hods, sofdnwfifileat sBiiRA'604.US dfth ﬁ%ﬁfa@?&'}kg}l@%t@%%ﬂtt}%l{ he cl ass

files obtained in step 304 are converted into o n a step 306.

As will be geperelly haldginfyrmbtisiwhiclk tdrtegsbnidsitotthedand file which i &itHepb! € et hod may
be used to convert the class files into object files. After the class files

are conveért emnbieddag, o trhe dmbiedded, iran objerifde. Thelinfornption i data file@ntrgour ce
code, e.g., q I angu&ag code, or assenbly 20 | anguage are obtained in a
step 308. | 612580 ingluge attghuics 614 pestainingto dheisize ofia dep fileges well assymbolin ar e
rel evant to the kernel, are obtained. In a step,31Q, "specj.al" object files
which are r erF%}r/egﬁ?s ‘?‘8‘:‘{ %a@%?é?sﬁg'legg’raé’“@g’lnﬁ?‘ﬂ@&% B?aé‘Pg%‘Bi“gllé porfes are
general l'y cqpaediifss §13ndfata file. Data file entry 612 also generally includes data 614b. The

symbolic references are typically provided by the data allocation file for which

10 assembly language instruction were generated in step 504 of Fig. 5. As shown,

intermediate entry 608 is associated with data file entry 614. Specifically, attributes

608D are associated with attributes 614 of data file entry 612, and data addl_'es;scs 608c

are associated with data 614b, as shown. Therefore, the information in data file entry

612 corresponds to the data file name in intermediate entry 608. The first entry 616 in

15  data file section 604 is a symbol which identifies the beginning of the data file section
604.

As will be appreciated by those skilled in the art, as shown, the symbol in first
entry 616 of data file entry 612 is associated with attributes 614a_ and data 614b. The
20  association of a single symbol with attributes 614a and data 614b is possible due to the
fact that data file entry 612 is contiguous. However, if attributes 614a and data 614b are
located in different sections, then attributes 614a and data 614b can be associated with

separate, distinct symbols.

25 Fig. 7 illustrétes a typical computer system in accordance with the présent
invention. The computer system 730 includes any number of processors 732 (also
referred to as central processing units, or CPUs) that is coupled to memory devices
including primary storage devices 734 (typically a read only memory, or ROM) and
primary storage devices 736 (typically a random access memory, or RAM). As is well



object files that do not need to be converted or generated fromother
files. Special object files can be obtained fromlibraries of object files
which were previously created. By 25 way of exanple, object files which
are placed in libraries may be object files which correspond to class files
and source code which rarely change. Creating an object file froma source
code file each time the source code fil elPs needed by a kernel is
i nef fi ci ent ,knespdn ithel drty ROM T8 acts/oniansfbadata ddd irsaudtivns e diredtionlyRUBE _
changes. Therefore, a -10- special object file for the sou[ce.code file
may be creat@@U2and RAM 86 is useddypispllscto trahsfer ddtacand rinstruttions irt abbdirectient ed each
time the source cq%ghfije I S neeaed. Snapshots of relevant data files are

T

taken in a STEPes IPRIMSEY, Sprage, figndces o/ 34, 236, may dncludgany rsaiteble eqmpiiera fl' ihl es
ich . | t ich the kerpel uir.es ac S. e

SUb- ot ops. aoEile el af BN WRL A e ofiGedY B ?i@asn@sodtmf Wos w1

be d Isbedgiketi | t ' s e data

1l es are t apohaliyib CELS 02 Hnd Boviory adtiichid Bia sifar® VAR Thd a0, 101

t he snapshotmembrytdevicd IB8 ay lbe sedt6 st Prosrais] dafdlaad Wl Ietand id §picaliyns met hod

whi ch may be used to convert
secondary storage medium.such as a hard disk that is slower than primary storage
devices 734, 736. Mass memory éiorage device 738 may take the form of a magnetic or
paper tépe reader or some other well-known device. It will be appreciated that the
10 information retained within the mass memory device 738, may, in appropriate cases, be
incorporated in standard fashion as part of RAM 736 as virtual memory. A specific
mass storage device such as a CD-ROM 734 may also pass data uni—directiorgally to the

CPU.

1_5 CPU 732 is also coupled to one or more input/output devices 740 that may
include, but are not limited to, devices such as video monitors, track balls, mice,
keyboards, microphones, touch-sensitive displays, transducer card readers, magnetic
or paper tape readers, tablets, styluses, voice or handwriting recognizers, or other well-
known input devices such as, of course, other computers. Finally, CPU 732 optionally

20 may be coupled to a computer or telecommunications network, e.g., an Internet
network or an intranet network, using a network connection as shown generally at 712.
With such a network connection, it is contemplated that the CPU might receive
information from the network, or might output information to the network in the course
of performing the above-described method steps. The above-described devices and

25  materials will be familiar to those of skill in the computer hardware and software arts.

Although only a few embodiments of the present invention have been
described, it should be understood thiat the present invention may be embodied in many

other specific forms without departing from the spirit or the scope of the present



10 snapshots into object files will be describe belowwith reference to
Fig. 5. Once the snapshots are converted into object files, all object
files associated with the kernel are |linked together in a step 316. The
purpose of linking the object files is to obtain an executable inage of the
kernel. Methods used to |ink object files to create 15 an executable file
are well known to those of ordinary skill in the art. In sone enbodi nents,
since the special object files which were previously obtained in step 310
do not need to be converted or otherw se generated, the special object
files may be obtained as a part of the step of linking all rel evant object
files. In other words, the special object files may be obtained as a part
of step 316. After the inmage is obtained;1€9 the process of building a
new i mge of a kernel ends at 318.. It should be appreciated that the
object files may be linked in many different ways. By way of exanpl e,
several object files may be |inked together to formone "l arge" object

file. This invegtionByeway of d:ampls; thesteps assaciatedetitnbiilding e imagyj ofcd kérhéles t o
25 create an inmage. Further, in sone enbodinents, all relevant data files
may not be mthemgylyimnd.iMdnaymlgbpemmd okndded witheutaleparfit® fronul thi214 nay
be repeated until snapshots of all relevant data files are converted into
obj ect fi |-e8Pint Qr dbgseqps of the present invertiane Fugthen ctheitpsecess of btaining andi | | i n
the art thai, t.he above-descri bed sequence of operations can be re-ordered
Wi t hout dep Pﬁg°%¢er°6 TSiday Vagebased ppam theorequirements of a particular computer

5 system. Therefore, the described eﬁxbodhnents should be taken as illustrative and not
restrictive, and the invention should be defined by the following claims and their full

scope of equivalents.



Ref.erring ne m@ 4 a process of taking snapshots of d files, ie.
step 312 of 3” i, m scribed in accordance with an 4drifHigi
t he present g ' ,l”m,ﬂ Fof data files, which are needed to b %&mfs BEEN

new i mage, i s obtai ne it a*s step 402. In one enbodi nent, ke

data files may be generated from known dgpendenci es: |n another enbodl ment ,
the list of data files nay be manual ly entered into a conputer system
After the INEHEG@LARMS: files is obtained, the data files in the list are
concat enated together to forma single data file in a step 404. Met hods
used to corlcatemathedifol ereatingen vigiral-file systern dn alcomputst memtirpacomprising the n t he
art. Wile a singl e 10 large file is typically created by concatenating
data files insepeefi404, it should be appreciated that rather than creating
a single large file, several smaller files may be created instead. In the
descri bed enbdi ﬁ%‘ﬁ?"mgﬁéa@lfﬂﬁﬁequﬁl@sﬁe%oncat enated data files includes

15 all of t data cont ai t.he Jj'ndi yi dual data files. The
concatenationq’Sf gnggtsgagsﬂqtéxbfsggggtafg,ap vol ve a conversion of the data

cont et nied 1 5 54488 ool 3 0 sk ool Qi comotenat s
2. The method of claim 1, further including the step of linking said object data file to

at least one other object file. _

3. The method of claim 1, wherein said snapshot is created by concatenating said
retrieved data file to at least one other data file.
4. The method of claim 3, further comprising the steps of:

a) generating a set of assembly instructions for creating an object file from said
snapshot, said set of assembly instructions including instructions to reserve
space within said object file for data in said data file; |

b) converting said set of assembly instructions into said object file, said object file
including reserved space; and

- ¢) copying said snapshot into said reserved space.
5. A computer-readable medinm for creating a virtual file system in a computer
memory, said computer-readable medium comprising computer-readable progrém

code devices configured to cause a computer to:

a) retrieve a data file from a file system; This Sheet Has Been Repl.

b) create a snapshot of said data file; and ' l III,I" ,III" , ,I II

c¢) convert said snapshot of said data file to an object data file.

i

6. The computer-readable medium of claim 5, further including computer-readable
program code devices configured to cause a computer to link said object data file to
at least one other object file.

7. The computer-readable medium’ of claim 1, further including computer-readable
program code devices configured to cause a computer to create said snapshot of

said data file by concatenating said retrieved data file to at least one other data file.



After the data files are-concatenated, the process of taking snapshots of

st at ﬂ!ﬂ'ﬁﬂlmﬂﬁﬂ!ﬁ[é@ﬂc ated wi ih conver ti ng Snapshot o of |dITS T

into object filés imn dance with an enbodi nent of the predent e
invention. In other words, Fig. 5 illustrates step 314 of Fig. 3. In a step
502, a new list of data files is generated. The list of data files used in
step 402 of Fig. 4 25 is processed to-qigeate a new |list of data files

whi ch includes new file nanes that are appropriate for a virtual file
struct ure. 8ThAl computbt-teadatderaneditmcdf @laion 17 fanter kincloding ceompiier-readablec at e
the files within the virtual file structure is created. By way of exanple,
strings whi chprogrgm cede ddvices aonfigundd tdaause aicbmputeyior cal | y i ncl ude a
directory path. Since the virtual file structure my require a different
directory path) geneeie acsebofiiapssmbly instructions for creatingsarp pbigett fHle ffram sajdhy be
nodi fied to renpove the o;Iﬁg directory paths fromthe nanes and add new

directory pat hs, Shapeheipgaidsseb of jassepply: msiructions dpsipding, nstrpefions @ 18SEIVe 1 | es.

space within said object file;

b) convert said set of assembly instructions into said object file, said object file
including reserved space; and .
c) copy said snapshot into said reserved space.

9. A computer system including a computer memory, said computer system including
a file system having at least one,.data.file and said computer system being
configured to create a virtual file system in said computer memory, said computer
system comprising:

a) aretrieval mechanism for retrieving a data file from a file system;
b) a data recovery mechanism for creating a snapshot of said data file; and
c) abuilder for converting said snapshot of said data file to an object data file.

10. The computer system of claim 9, further a linker for linking said object data file to
at least one other object file. |

11. The computer system of claim 10, further including a concatenator for
concatenating said retrieved data file to at least one other data file to create said
snapshot of said data file.

12. The computer system of claim 11, further comprising:

a) an assembler for generaﬁng a set of assembly instructions for creating an object
file from said concatenated data files, said set of assembly instructions
including instructions to reserve space within said object file; and

b) a copier for copying said snapshot into said reserved space.

This Sheet Has Been Replaced

R




In-a step 504, assenbly | anguage instructions for a data allocation file
are 5 generated. The data allocation secti.on is generally a section which
contains sizing information which relates to an object file which is to be
created to hold a data snapshot. An object file formed to hold data in
accordance with the present invention wll initially be formed with a
"hole,"” or reserved space, included within the object file. This hole is
intended for the inclusion of the data snapshot, or snapshots, obtained as
10 described above with respect to Fig:;4. As such, the hole nust be
properly sized to include the snapshot. nce, the data allocation file
typically includes information which relates to the size of the hole, in
addition to information regarding identification synbols which are used in

a file name | ooVeia ahd Mobdtinks fos Finbedding Files into £B8/18R niheb BiRulitne
instructions for a 111re name Took-up structure file are generated in a step
506. A file nane | ook-up str UClI.dkahﬂ dKeadlohly Acce@rci ate a new file name,
i.e., afile name fromthe |ist create n step 502, with data. |In general
the | ook- up structure is used to associate file names with appropriate
data while a kernel is running. One ABBERAGTIStructure file wll be
descri bed below with reference to Fig. 6. 20 In a step 508, the assenbly
| anguages i nst r uc Meashedst systemshandisoftavage foo efficiently creatingvigtuakfle sysems p
structure file are used to create an object file. 1n other_words, the
including object files which contain data are described. In one aspect of the invention, a
method for creating a virtual file sysiem includes retrieving a data file from a file
system. A snapshot of the data file is created and converted into an object data file. The
converted object data file is linked to-at least one other object file. The data file can be
10  concatenated with at least one other data file to create the snapshot. A set of dssembly
instructions for creating an object file from the snapshot is generated. The ass_embly
instructions include instructions to reserve space within the object file for data contained

in the data file. The assembly instructions are converted into an object file and the

snapshot of the data file is copied into the reserved space.

e

— .
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| THIS SHEET HAS BEEN
REPLACED




assenbly | anguage instructions generated in steps 504 and 506 are converted
into an object file, or files, in step 508. Assenbly |anguage instructions
may be converted into 25 object files using any suitable assenbler. It
should be appreciated that step 508 is substantially the sane as step 308
of Fig. 3. However, while object files may be generated from either source
code or assenbly | anguage instructions in step 308, object files are only
generated from assenbly | anguage instructions in step 508. Each object file
created in step 508 includes a hole of a size sufficient to accommopdate

dat a -13- contained within a snapshot specified in the data
allocation file. In general, an object f%?z is arranged such that the
portions of the object file that correspond to the assenbly |anguage
instructions for the |ook-up structure are placed in a specific section

such that all | ook-up structures associated with object files may readily
be located at link tinme. As 5 such, the | ook-up structures may be built
by the linker when the object files are Iinked together, i.e., the |ook-up

structures may be created in step 316 of

3. After the object file is
created, the file data contai ned
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is copied into the object file in a step 510. That is, the data fromthe
snapshot is 10 enbedded in the object file. Specifically; the data
contained within the snapshot is copied into the hole which was included in
the object file at the time the object file was created in step 508. Once
the data contained within the snapshot is copied into the object file, the
process of converting snapshots to data files is conpleted at 512. 15
Referring next to Fig. 6, a mapping between a file nane | ook-up structure,
as nentioned above with respect to Fig. 5 and file data will be described
in accordance with an enbodi rent of the ?jﬁsent invention. A look-up table
section 602 generally includes synbolic Tinks to a file data section 604.
Look-up table section 602 includes a first entry 606 which is synbol that
is neant to indicate the beginning of |ook-up table 20 section 602.
Internediate entries, as for exanple internediate entry 608, in | ook-up
tabl e section 602 hold data file nanes which are appropriate for a virtual
file structure, i.e., entry 608 holds a.new file name generated in step 502
of Fig. 5. Entry 608 can also hold vg/i ous othgﬁ%énfornation in addition to
a file name 608a. This other data ca is not limted to,
attri butes 608b and data addresses 60 s other data 25 can further
i nclude references to other sections, | es, which contain information
that is relevant to the file which corrgsponds to file nane 608a. The | ast
entry 610 generally included in pn¥ able section 602 is arranged to
identify the end of the |ook-up }ablBUILD NEW 204

| IMAGEOF |~
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|

EXECUTE NEW
IMAGE OF
KERNEL

—~206
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section. In the enbodi nent as shown, last entry 610 is a null entry, as

| ast entry 610 conprises null values. - -14- Internediate entry 608 hol ds
a file name 608a which corresponds to a data file entry in file data
section 604. A data file entry, as for exanple data file entry 612,
generally holds information which corresponds to the data file which is
either 5 enbedded, or is to be enbedde&¥,7in an object file. The
information in a data file entry 612 w\J nclude attributes 614a pertaining
to the size of a data file, as wellfagagyNbolic references which can be
resolved to actual nenory address |0.6&IO s which correspond to the address
of the data file. Data file entry 6 b generally includes data 614b.
The synbolic references are typically provided by the data allocation file
for which 10 assenbly | anguage instrgction were generated in step 504 of
Fig. 5. As shown, internediatelentry 608 1S aspocjated wth data file entry
614. Specifically, attributes qéBTAINLCHBEEN | et aﬂth attributes 614 of
data file entry 612, and data 4ddFASSEYEDSc afe associated with data 614b,
as shown. Therefore, the infornatTon ii datafile entry
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612 corresponds to the data file nane in internediate entry 608. The first
entry 616 in 15 data file section 604 is a synbol which identifies the
begi nning of the data file section 604. As will be appreciated by those
skilled in the art, as shown, the synbol in first entry 616 of data file
entry 612 is associated with attributes 614a and data 614b. -The 20

associ ation of a single synbol with attributes 614a and data 614b is

possi ble due to the fact that data file entry 612 is contiguous. However,
if attributes 614a and data 614b are |located in different sections, then
attributes 614a and data 614b can be associated with separate, distinct
synbols. 25 Fig. 7 illustrates g typical conputer systemin
accordance with the present invention. The conputer system 730 includes any
nunber of processors 732 (also referred to as central processing units, or
CPUs) that is coupled to nenory devices including primary storage devices
734 (typically a read only nenory, or ROM and primary storage devices 736
(typically a random access nenory, or RAM. As is well - 15-
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DATA FILES

\

CONCATENATE 404
DATAFILESTO }
SINGLE FILE

406
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known in the art, ROM 734 acts to transfer data and instructions
uni-directionally to the CPU and RAM 736 is used typically to transfer data
and instructions in a bi directional manner. Both primary storage devices
734, 736 may include any suitable conputer- readable nedia as descri bed
above. A mass nenory device 738 is also coupled bi- 5 directionally to
CPU 732 and provi des additional data storage capacity. The mass nenory
device 738 may be used to store prograns gata and the like and is
typically a secondary storage nediun1suc%/ s a hard disk that is slower
than primary storage devices 734,736. Mass nenory storage device 738 may
take the formof a magnetic or paper eader or sone other well-known
device. It will be appreciated that information retained within the
mass nmenory device 738, may, in apprq@jgat e/ cases, be incorporated in
standard fashion as part of RAM 736 aSwirfual nenory. A specific nass

the CPU. 15 CPU 732 is also cougted to one or nore input/output

devices 740 that may include, bu d to, devices such as video
nonitors, track balls, mce, keypo neshp2Pouch-sensitive
di spl ays, transducer card reader aper tape readers, tablets,
styluses, voice or handwiting r ther well- known input
devi ces such as, of course, othe ally, CPU 732 optionally
GENERATE
ASSEMBLY
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GENERATE
ASSEMBLY _
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FOR FILE NAME
LOOK-UP
STRUCTURE
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CONVERT
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OBJECT FILE
COPY FILE DATA 510
FROM SNAPSHOT |~
INTO OBJECT FILE
) 512
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20 may be coupled to a conputer or telecomrunications network, e.g., an
Internet network or an intranet network, using a network connection as
shown generally at 712. Wth such a network connection, it is contenpl ated
that the CPU m ght receive information fromthe network, or m ght output
information to the network in the course of perform ng the above-descri bed
nmet hod steps. The above-descri bed devices and 25 materials will be
famliar to those of skill in the conmputer hardware and software arts.

Al t hough only a few enbodi nents of the present invention have been
described, it should be understood that &he present invention may be
enbodi ed in many other specific forns without departing fromthe spirit or
t he scope of the present. -16- invention. By way of exanple, the steps
associated with building an image of a kernel may be w dely varied. Steps
may al so be renoved or added wi thout departing fromthe spirit or the scope
of the present in“”nhb"ﬁ; Fothern the process of obtaining and |inking
obj ect Hlegogay’ia*v gaSed upon_tjhe requi renents of a particul ar conputer
5 system gbgneipre, the described enmbodi ments shoul d be taken as

illustrative and m ~608a
/
NAME -~ 608
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ATTRIBUTES
DATA —614b

610
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restrictive, and the invention should be defined by the follow ng clains
and their full scope of equival ents. - 17 - CLAIM 1. A net hod for
creating a virtual file systemin a conputer nenory, the method conpri sing;
a) retrieving a data file froma file systen b) creating a snapshot of
said data file, the snapshot being a substantially concatenated version of
the data file; and c) converting said snapshot of said data file into an

object data file. 2. The nethod of claim1, further including |inking
said object data file to at | east one ot object file. 3. The net hod of
claim1l1, wherein said snapshot is created by concatenating said retrieved
data file to at | east one other data file. 4. The nethod of claim 3,
further conpri sing:
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fromsaid snapshot, said set of assenbly instructions i qQq

i nstructions to reserve space within said object file fo & ih sé%d dat a
file; b) converting said set of assembly instructions id §§id obj ect
file, said object file including reserved space; and c) copying said
snapshot into said reserved space. 5. A conput er-readabl e nedi um f or
creating a virtual file systemin a conputer nenory, said conputer-readable
medi um conpri sing conputer- readabl e prog{?g1code devi ces configured to
cause a conputer to: a) retrieve a data file froma file system
REPLACEMENT SHEET 2 8 MAR 2000 -18 - b) create a snapshot of said data

file, wherein the snapshot of the data file is a substantially concatenated
version of the wahaddhhd App@isls for Embedding Files into a Binary Image for Runtime

a)  generating .a set of assenbly instructions for crea%?@g grgj_g:t file
u
ta
RO

Look-up and Re_ad-only Access

. ABSTRACT
5 Methods, systems, and software for efficiently creating virtual file systems
including object files which contain data are described. In one aspect of the invention, a
{} method for creating a virtual file sysfem includes retrieving a data file from a file

system. A snapshot of the data file is created and converted into an object data file. The
converted object data file is linked to-at least one other object file. The data file can be

10 concatenated with at least one other data file to create the snapshot. A set of dssembly
instructions for creating an object file from the snapshot is generated. The assembly
instructions include instructions to reserve space within the object file for data contained
in the data file. The assembly instructions are converted into an object file and the

snapshot of the data file is copied into the reserved space.

(Figure 1)

t
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c) ¢ ert said snapshot of said data file to an object dat I e,

‘I'%'ne co%ﬁh}‘éﬁ)‘l‘eﬂi-um of claimb5, further including co%beg-e%3~0
r eadabl vices configured to cause a conputer t [ j

obj ect ’Wmmﬁmgm east one other object file. 7. The QQ_WQ%DO
conput er - r adabl & nedism of claim 1, further including corrputer-j_r_B,@lel e
program code devi ces configured to cause a conputer to create said snapshot
of said data file by concatenating saidqyetrieved data file to at |east one
other data file. 8 A conput er-readabl'e nmedium of claim7 further

I ncl udi ng conputer- readabl e program code devices configured to cause a
conputer tao: ai generate a set of assenmbly instructions for creating an
object fil sai d snapshot, said set of assenbly instructions including
instructions to reserve space within said object file; b) convert said

set of assenbly instructions into said object file, said object file

i ncl udi ng Reser AefheRGS For archtig a ViRl M8l systAPmhatcdmpRted FhEmboRp Sthged
space. 9. A conputer systemincluding a conputer nmenory, said conputer
syst em i ncmedhedcamprisingsyst em havi ng at | east one data file and said
computer syst ema) retrieving a data file from a file system;

b) creating a snapshot of said data file, the snapshot being a
substantially concatenated version of the data file; and

c) converting said snapshot of said data file into an object data file.

2. The method of claim 1, further including linking said object data file to at

least one other object file.

3. The method of claim 1, wherein said snapshot is created by concatenating

said retrieved data file to at least one other data file.

4, The method of claim 3, further comprising:

. a) generating a set of assembly instructions for creating an object file
from said snapshot, said set of assembly instructions including instructions to
reserve space within said object file for data in said data file;

b) conver_ting said set of assembly instructions into said object file,
said object file including reserved space; and

C) copying said snapshot into said reserved space.

5. A computer-readable medium for creating a virtual file system in a
computer memory, said computer-readable medium comprising computer-
readable program code devices configured to cause a computer to:

a) retrieve a data file from a file system;

REPLACEMENT SHEET
e 28 MAR 2000
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bei'ng configured to create a virtual file systemin said conputer nenory,
sai’d computer system conprising: a) a retrieval nmechanismfor retrieving

oma file system REPLACEMENT SHEET -19 - b) a data
recoverwmﬁ’[ﬂh MHU Hr eating a snapshot of said data file; and c) a
bui | der ai d snapshot of said data file to an object data
file. The corrputer systemof claim9. further a |linker for I|inking

sai d Obj ect data file to at |east one oﬁ?er object file. 11. The conputer
system of claim 10, further including a Concatenator for concatenating said
retrieved data file to at | east one other data file to create said snapshot
of said data file. 12. The conputer systemof claim 11, further

conpri si ng; b) create a snapshot of said data file, wherein the snapshot of the

data file is a substantially concatenated version of the data file; and

c) convert said snapshot of said data file to an object data file.

6. The computer-readable medium of claim 5, further including computer-
readable program code devices configured to cause a computer to link said

object data file to at least one other object file.

7. The computer-readable medium of claim 1, further including computer-
readable program code devices configured to cause a computer to create said
snapshot of said data file by concatenating said retrieved data file to at least one
other data file.

8. A computer-readable medium of claim 7 further including computer-
readable program code devices configured to cause a computer to:

a) generate a set of assembly instructions for creating an object file
from said snapshot, said set of assembly instructions including instructions to
reserve space within said object file;

b) convert said set of assembly instructions into said object file, said
object file including reserved space; and

c) copy said snapshot into said reserved space.

9. A computer system including a computer memory, said computer system
including a file system having at least one data file and said computer system
being configured to create a virtual file system in said combuter memory, said
computer system comprising:

. a) a retrieval mechanism for retrieving a data file from a file system,;

REPLACEMENT SHEET
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a) ~ an assenbler for generating a set of assenbly instructions for
creat_l_ag_ﬁLL object file fromsaid concatenated data files, said set of
enblﬁ i nstructions including instructions to reserve space within said

obj e I a copier for copying said snapshot into said reserved
spjacj" wmm(mm"b of claim1l wherein the data file is a first data

file, the methbd Yur'ther incl udi ng: retrieving a second data file fromthe
file system wherein creating the snapshet. i ncl udes concatenating the first
data file to the second data file. 14. The nethod of claim 13 wherein the

snapshot is a first snapshot and the object data file is a first object
data file, the thod further includin trleV|n a third daja fjle from
The ti1 e systemDlcr ok flG ECONEDH MECHARIND 10 FaAIBd & ShaPaRetoF Spkl oty
REPLACEI\/EN}=9$|5||E|§ -20 - converting the second snapshot of the third data
file into a second object -

c) a builder for converting said snapshot of said data file to an object

data file.

10. 'The computer system of claim 9. further a linker for linking said object

data file to at least one other object file.

11.  The computer system of claim 10, further including a concatenator for
concatenating said retrieved data file to at least one other data file to create said

snapshot of said data file. .

12. The computer system of claim 11, further comprising;

- a) an assembler for generating a set of assembly instructions for
creating an object file from said concatenated data files, said set of assembly
instructions including instructions to reserve space within said object file; and

b) ~ acopier for copying said snapshot into said reserved space.

13.  The method of claim 1 wherein the data file is a first data file, the method
further including: _ .
retrieving a second data file from the file system, wherein creating the

snapshot includes concatenating the first data file to the second data file.

14.  The method of claim 13 wherein the snapshot is a first snapshot and the
object data file is a first object data file, the method further including:
retrieving a third data file from the file system;

creating a second snapshot of the third data file; and
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‘The method of claim 14 further including linking the second
ObJ&l/(” imm'” the first object data file. 16. The nmethod of claiml

mLald snapshot of said data file into an object data file
i ncl udes: generatlng alist, the list including a new name for the data
file; generating at |east one assenbly | anguage instruction for a data
allocation file, the data allocation file being associated with the data
file, wherein the data allocating file.pg-arranged to include information

pertaining to the size of the object data file; converting the assenbly
| anguage instruction for the data allocation file into the object data

fSi—I:EET and enbed%rrl]\geﬁl § the %%sho s'n%gh thoef tﬂ tﬁﬁ'& d%?é ’ﬁIe]c mltcga a s%%%héc%jew
data file.

15.  The method of claim 14 further including linking the second object data file
to the first object data file.

16. The method of claim 1 wherein converting said snapshot of said data file
into an object data file includes:

generating a list, the list including a new name for the data file;

generating at least one assembly language instruction for a data
allocation file, the data allocation file being associated with the data file, wherein
the data allocating file is arranged to include information pertaining to the size of
the object data file;

converting the assembly language instruction for the data allocation file
into the object data file; and

embedding the snapshot into the object data file.
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