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‘What is claimed is:

1. A ethiod for implementing a temporary file system in a computer, the method

comprising:

creating a deVice driver which manages a virtual device;

including,in the dev1ce driver a procedure which represents data stored in the

virtual dev1ce usin anonymous storage; and

conﬁgurmg file system to represent files assocrated with the v1rtua1 device in -

anonymous storage :

| 2. The method of Clajm 1 wherein the step of conﬁguring comprises:

* mounting the file syStem on the virtual device in a delayed-write mode.

) { . 3 . M . ' . .
3. A method for accessing Subject data in a computer system, the method comprising:

determining that the subjechdata represents at least a portion of a temporary file;

associating anonymous stora,

data; -

‘.With/a ‘block of data which includes the subject

v

deterrmmng a location within the al onymous storage which corresponds to the

subject data; and

eﬁ'ectmg access of data at the location

ithin the anonymous memory.

4. The method of Claim 3 wherein the step of a¥sociating eomprises:

creating a database of one or more records, eack of which associates an associated

" location within the anonymous storage with an associated\offset into an associated block

of data. .
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5. - The mithod of Claim 4 wherein th’é step of determining alocation comprises:

locating within the database a selected one of the one or more records, wherein the

selected record assaciates the offset with the location.

6. The method ofiClaim 5 wherein the database is a slﬁp list of the one or more

. records.

7..  The metho'd of Clairy 3 wherein the step of effecting access comprises:
_ building a user /O stricture which specifies the location within the anonymous

~ storage.

8. The method of Claim 7 whexein the step of building comprises:
. building an iovec structure w ich specifies the location within the anonymous

storage.

~ 9. The method of Claifn 3 wherein the\step of effecting access comprises:

invoking a VOP_READ() procedure §f a swap file system of the computer system.
) 10. The method of Claim 3 wherein the step Yf effecting access comprises:

- -invoking a VOP_WRITE() procedure of a wap&fi?(stem of the computer

11.  The method of Claim 3 wherein the step of effecting éccess comprises:

invoking a VOP_PAGEIO() proceduré of a sWap.ﬁ

system.
system of the qomputer
system. - v A

12. "A éomputer program product comprising:

a computef usable medium having computable readable code\embodied therein for
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a procedure module which is configured to represent data stored in

the viytual device using anonymous storage.

'13. The computer pogram product of Claim 12 wherein the device driver further

comprises:

an attach procedur which is configured to facilitate installation of the device =
* driver such that files associatgd with the virtual device are represented in anonymous

- storage.

‘ 14..  The computer program pro uct of Claim 12 wherein a file System is mounted on
the virtual device in a delayed-write mode. | |
, , | o
15. A computer program product co prlsrng
a computer usable medium havmg omputable readable code embodred therem for
accessmg subject dataina computer system) the computer readable code comprising: -
a virtual device initialization m dule %ﬁonﬁgured to direct a file
- system of'the computer system to deterigine thether the subject data represents at
least a pbrtion of a témporarywﬁle' | .
- a mapping database which associates\anonymous storage w1th a block of
data which includes the subject data
a mapping module Wthh is operat1ve1y upled to the virtual device
1mt1ahzat10n module and to the mapping database\and Wthh determines from the:
| mapping database a location within the anonymous \storage which c;orresponds to

the subject data; and

CA\-JDIFILESQO11PAPPL FJDI -~ r -27 -
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a data access rhodule which is operatively coupled to the mapping r'»nodule -
* and which is configured to access data at the loc;ation within the anonymous-
memory! -

16. E ‘The computex program product of Claim 15.wherein the mapping database |
comprises: - | | | _ | |
ltbne or more recdyds, each-of which associates an associated location V\}ithin the

ah‘onymous storage with

associated offset into an associated block of data.

1_7. The computer pr’ogfa pr’oduét of Claim 16 wherein the data access module is

further configured to locate within the Mapping database a selected one of the one or‘mdre

records, wherein the selected record assoxiates the offset with the location.
18. The computer“prc‘)gram produgt of Claim 16 wherein the mapping database is a

Lo

19, The computer program product of\Claim 16 wherein the data access module

comprises:

a user I/O structure constructor which is configured to build a user I/O structure

which in turn specifies the location within the agonymous storage.

20. ', The computerA program product of Claim 1 wherein the data access r'nbdule
further comprises: | |
an iovec stfuctiire consfructor which is operatiyely coupled to the usér j¢)
structure constructor and which is configured to build a io&ec structure which specifies

~ the ldcati_on within the anonymous storage.

21.  The computer program product of Claim 15 wherein'the data access module

C:\-JDIFILES\2011P\APPL,_F.JDI -28 -
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comprises: ,
| a VOP_READ caller which is conﬁgured to invoke a VOP READ() procedure of

‘aswap file syste of the computer system.

» 22.  The compute program product of Claim 15 wherein the data access module
comprises: | v
‘a VOP__WRITE aller which is configured to invoke a VOP_WRITE() procedure

- of a swap file system of the computer system. ' - : ,

23, The computer prograin product of Claim 5 Where_in the data access module i
comprises: _ »
a VOP_PAGEIO caller which is configured to invoke a VOP PAGEIO()

procedure ofa. swap file system o he computer system.

24, An apparatus for 1mplement1n a temporary file system in a computer the
iapparatus compr1s1ng '
a device driver which is configurey to manage a virtual devrce the device drlver

compr1s1ng . - _ , _

-a procedure module which is o’nﬁgurewm data stored in the

virtual device using anonymous storage\

| 25, The apparatus of Claim 24 wherein the devige driver further comprises:
an attach procedure which is conﬁgured to fadylitate 1nstallat10n of the dev1ce
driver such that ﬁIes assoc1ated with the virtual device aye represented in anonymous

storage. S - , : '

26.  The apparatus of Claim 24 wherein a file system is mo nted on the virtual device

in a delayed-write mode.

C:\-JDIFILES\2011P\APPL_F.IDI . -29 -
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27 apparatus for accessing subject data in a co‘mputer system, the apparatus
a virtyal device initialization module which is configured to direct a file system of
the computer System to determine whether the subject data represents at least a-po’rtion of
a temporary file; A B
o a mapprng atabase whrch associates anonymous storage wrth a block of data
bwhrch includes the supject data _ | |
a mapping module which is operatlvely coupled to the vrrtual dev1ce 1mt1a11zatlon
module and to the mapp g database and which determmes from the mapprng database a
~ location within the anony ous storage which corresponds to the subject data and

a data access moduld which is operatively coupled to the mapping module and

~ which is configured to access \ata at the location within the anonymous memory.

28. - The apparatus of Claim 2Awherein the mappm0 database comprises:
one or more records, each of which associates an assocrated location within the ,

anonymous storage with an associate offset into an associated block of data.

. 29 The apparatus of C]arm 28 wherein the data access module i is further configured to
locate within the mapprng database a selected one of t%&e/or more records, ‘wherein the

selected record assoclates the offset with the locatio.

30.  The apparatus of Claim 28 wherem the apping database is a skip list of the one

or more records.
31, ~ The apparatus of Claim 28 wherein the data access module comprlses

a user I/O structure constructor which is conﬁgur d to bu11d auser I/O structure

Wthh in turn specrﬁes the locatlon within the anonymous storage.

C:A-JDIFILES\2011P\APPL_F.IDI : ‘ -30 -
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32, The a aratus of Claim 31 wherein the data access. module further compnses

an iovec Structure constructor which i is operatively coupled to the user /O

| structure constructyr and which is configured to build an iovec structure which specrﬁes

 the location within th anonymous storage.

33 The apparatus of 1a1m 27 Wherem the data access module comprises:

a VOP_ READ callyr whrch is conﬁgured to mvoke a VOP READ() procedure of ._

~ aswap file system of the co uter system.

34, The apparatus of Claim 7 wherein the data access module comprises:

o a VOP _WRITE caller whi h is conﬁgured to mvoke a VOP WRITE() procedure

of a swap file system of the computdy system.

35. The apparatus of Cla1m 27 Whe em the data access module comprises:

a VOP_PAGEIO caller. whlch is §onfigured to invoke a VOP PAGEIO()

a computer processor :

- a memory operat1vely coupled to the comRuter processor
a file processing system which is stored in the memory and whrch includes one or

more computer instructions which are executed withiy the computer Processor to

L 1mplement a temporary file system the file processing s stem including:

a devrce driver which is configured to man gea virtual devrce the device
driver comprising; |
a procedure module which is configured to represent data stored in

. the virtual device using anonymous storage..

C:\JDIFILES2011P\APPL,_F.JDI ' -31-
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37. The comnuter system of Claim 36 wherein the device driver further'compriseS' N

v ‘an attach pr cedure whrch is configured to facilitate installation of the devrce
drrver such that files yssociated with the virtual device are represented in anonymous

-storage.

38, The computer system of Claim 36 wherein a ﬁle system is mounted on the v1rtual

dev1ce ina delayed-wnte mode '

39. A-eomputer system co prising:
L computer processor;
a rnemory.operatively cotpled to the computer processor;
a file processing sysf\em whjch is stored in t‘he‘memory and which includes one or
more computer instructions which ake exeeuted with}n the computer processor to access
-subject data in the cdmputer system, the file procevssingsystem including:
~ avirtual device initialization module which is conﬁgured toi direct a file
system of the edmputer system to etermine whether the sdbjeet data represents at
least a portion of a temporary file;
" amapping database which asshciates anonymous storage with a block of
data which includes the subject data, | -
a mapping module which is .oper ively coupled to the virtual device '
: initializatien module end to the mapping dytabase and which deternﬁnes-frk)m the
rnapping database a location within the anonymous storage which" corresponds to
the subject data; and - | -
adata access module whrch is operatively coupled to the mapping module -
and Wthh is configured to access data at the Jocatjon wrthm the anonymous

memory. '

40.  The cornputer system of Claim 39 wherein the mapping,database comprises:



10

15

20

25

Patent Applicatron - Attorney Docket P-2011

S\ :
one onmore records, each of which associates an associated location within the

anonymous storage with an associated offset into an associated block of data.

41. The computgr system of C1a1m 40 wherem the data access module is further

~ configured to locate within the mapping database a selected one - of the one or more records,

wherein the selected record asspciates the offset with the location.

42 The computer system of Claim 40 wherein the mapping database is a skip list of

the one or more records

43, The computer system oNClaim 40 wherein the data access module comprises:
a user I/O structure const ctor which is configured to build a user I/O structure

which in turn specifies the location\within the anonymous storage.

44.  The computer system-of Clairg 43 wherein the data access module further
comprises: : | - | |
L an iovec structure constructor which is operatively coupled to the user I/O

structure constructor and which is conﬁgu ed to build an iovec structure which specifies

. the locat1on within the anonymous storage - %/

45. The computer system of Claim 39 wher.in the data access module comprises:
a VOP _READ caller which is conﬁgured to mvoke a VOP READ() procedure of :

a swap file system of the computer system.
46, The computer system of Claim 39 wherein the\data access module comprises:

a VOP_WRITE vcaller which is configured to inwpke a VOP WRITE() procedure 3

ofa swap ﬁle system of the computer system

C:-JDIFILES\2011P\APPL, F.JDI -33-
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47.  The computer“‘ ystem of Claim 39 wherein the data access module comprises:
a VOP PAGEIQ caller which is configured to invoke a VOP PAGEIO()

procedure ofa swap file dystem of the computer system.

48. A distribution 'syste for distributing code (i) which is stored on a computer-
readable medium, (ii) which is exectltable by a computer, and (iii) which includes at least one
module, each ‘of_ which.in turn is co gured to carry out at least one function to be executed by
the cor'nputer, the at least one module\implementing a temporary file system, the distribution
system compnsmg | o |

a device driver which is configured to manage a virtual device, the device dnver

cornpnsrng. i

| a procedure module\which is conﬁgured to represent datagstore‘d in the

virtual device using anonymqus storage. -

49. The drstnbutron system of Claiin 48 wherein the device'driver further compn'ses:

- an attach procedure which is coNfigured to facilitate 1nstallatron of the devrce -

driver such that files associated with the 1ﬂuaﬁu&ire represented in anonYmous :

storage

50.  The distribution system of Claim 48 erein a file system is mounted on the virtual |

510 A dlstrrbutron system for dlstrrbutmg code i) which is stored on a computer-
readable medrum (i) whrch is executable by a computer, an{ (iii) which includes at least one
module, each of which in turn is configured to carry out at least one function to be executed by
the computer, the at 1east one module configured for accessing\subject data in the computer, the

a vrrtual device initialization module which is conﬁ red to direct a file system of
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the cofnputer system to\{eterrﬁine whether the subject data represents at least a portion of
a temporary file; ‘ | | |
a mappmg database vhich associates anonymous storage with a block of data
which mcludes the sub]ect da a,
a mappmg module whith is operatlvely coupled to the v1rtual device initialization
module and to the mappmg database and which deterrmnes from the mappmg database a
location within the anonymous storage which corfespoﬁds to the subject data, and
| a data access module which is operatively coupled to the mapping module and

which is Conﬁgure_d to access data at the location within the anonymous memory.

52, The distribution system of Cla 51 wherem the mapping database comprlses
one or. more records, each of which ciates-an associated location w1thm the

anonymous storage with an associated offset into an associated block of dat_a.

53.  The distribution system of Claim 52\wherein the data access module is further

configured to locate within the mapping database a selected one of the one or more records,

- wherein the selected record associates the offset with\the location.

54. The distribution system of Claim 52 wheyein the mappmg database isa sk1p list of

the one or more records.

55. * The distribution system of Claim 52 wherein\the data access :module comprises:
" auser I/O structure constructor which is co red to build a user I/O structure

which in turn specifies the location within the anonymols storage,

~ 56.  The distribution system of Claim 55 wherein the data access module further
comprises: | |

an iovec structure constructor which is operatively coypled to the user 1/O

C:\-JDIFILES\2011P\APPL,_F.JDI . -35-
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structure constructor and which i§ configured to build an iovec structure which specifies

"~ the location within thevanonymous torage.

51 wherein the data access module comprises:

| >757._" ~ The distribution system of Cla _
gured to invoke a VOP_READ() procedure of

5 - aVOP_READ caller which is ¢

a swap file syétem of the computer syste

herein the data access module compriseS'

a VOP WRITE caller which is configuyed to invoke a VOP_WRITE() procedure

. 58 The distribution system of Claim 51
10 ~ ofa swap file system of the computer system. .

~ 59.  The distribution system of Claim 51 wherei the data access module comprises:
a VOP_PAGEIO caller which is conﬁgured to\invoke a VOP PAGEIO() |
procedure ofa swap file system of the computer system
15
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I Hereby certify that this correspondence is being depos1ted with )
the United States Postal Service as First Class Mail addressed to:

Assistant Commissioner for Patents, Washington, DC 20231 on
July 15, 1998.

Signed: A%A/MM 4. &/&W‘-’

Sharon D. Coleman

AMENDMENT |

Assistant Commissioner for Patents
Box Non-Fee Amendment
" "Washington, D.C. 20231

Sir: ‘

In response to the Office Action dated May 5, 1998, for which the shortened

_statutory period for response is set to expire on August 5, 1998, please amend thlS
application as follows. '

- INTHE SPECIFICATION |

. Please amend the title of the application to read “Temporary Computer File
System Implementmg Using Anonymous Storage Allocated For Virtual Memory”.
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IN THE CLAIMS:

Please cancel claims 1-59 and insert the following new claims 60 - 99 therefore.

M - --60.. Ina computer system having an operating system (OS) which i is structured to allow
[ multrple different file system types to coexist within the operating system, the computer system

including at le st one volatile memory storage device and at least one nion-volatile memory storage
device, said operating system including a file system (FS) for cataloguing files, said files including'
a data portion and a\petadata portion, a-method for implementing a temporary file within said file
'system, the method co prising: ‘ | ' |

(a) provrdrng file manager within the file system for managlng persrstent data frles
“and non-persistent data files\within said operating system; .
(b) mountlng and ax{aching within the operating system a device driver for representm0 '
a virtual memory device used for nplementing at least one non-persistent data file within said -
-computer system, said virtual memoxy device including an anonymous ‘storage system; ‘
© using said file manager invoke. procedures within said device driver for accessing

desired information within said virtual memory device relating to said at least one non-persistent

\ data file; and \ _ ' .
v % .~ (d) - using said device driver to effecf access of said desired information within said
~ anonymous storag_e'system. ' ‘ ‘
61.  The method of claim 60 wherein said\computer system 1ncludes a second device
dnver for managing a secondary storage device, said igethod further including the step of
configuring each driver device to implement an interfacé\and an operating behavior which are
substantially similar to'each other driver device within sai computer system.
t

The method of clairr?é'including the step of storing the data portion and metadata
portion of a non-persistent file in sdid anonymous storage system.

% The method of claim ;6 wherein said operating systemvis a UNIX-based operating
system. ' ’ ' '

| \ M '64.  The method of claim 60 wherein said mountmg step (b) further includes the step of
ounting said device driver using\a delayed-write mode

65. The method of claim 6 wherem said virtual storage device further includes a-swap
file system for allocating anonymous sto ge space in said anonymous storage system, said method

Atty. Dkt. No. SUNIP164/P1251 U. S. Application No.:  08/675,360



~ further including_the step &f using said device driver to manage information stored in said

anonymous storage system Ry invoking procedures defined within said swap file system.

66. Ina computer sys(em having an operating system (OS) which is structured to allow
multiple different file system types\o coexist within the operating system, the computer system

1ncludmg at least one volatile memorystorage device and at least one non-volatile memory storage

device, said operating system including storage media file system (FS) for catalcging files,a .-
method for implementing a non- -persistent\(ata file within said file system, the method compmsmg
(a) providing a file manager within the file system for rnanagmg persistent data files
and non- persistent data files;
b) mountmg and attaching within the operatmg system a devme dr1ver representing a
virtual memory device used for implementing nop-persistent data files within said computer
- sYstem, said virtual memory device including an aponymous storage system,
\ . (0) creating a non-persistent data file by\invocation.of a procedure of the storage media
@ ’ ﬁle system, while indicating that said non-persistent
' memory device associated with said device driver; and
(d) utilizing said device driver to allocate anonymous storage space within sa1d
anonyrnous storage system for storage of information relating to said non-persistent data file.
\? 4 The method of cla1m further mcludmg the step of releasing said allocated
anonymous storage space in response to the storage media file system mvokmg a callback
procedure in said device driver.

e . ~

The method of claim 66 wherem aid computer system includes a second device
fiver for managmg a secondary storage device, said method further including the step of
configuring each driver device to implement an inte

e and an operating behavior which are:

' substantially similar to each other driver device within Ssid computer system.

» o _—
' Vé‘j The method of claim g6 further including the step of storing data and metadata
related to said non-persistent data file in said anonymous storage space.

‘ }d The method of clairn/é_g wherein said operating systerh is a UNIX-based operating
system. ' :

. M 71. The method of claim 66 wherein said mounting step (a) further includes the step of
| ﬂ ountmg said device driver using a delayed-write mode. '

72.  The method of claim 66 wher in sat ) virtual storage device further mcludes aswap

flle system for allocatmg anonymous storage space in sa1d anonymous storage system, sa1d method

Afty. Dkt. No. SUN1P164/P1251 _ 3 . S. Application No.: 08/675,360



~ system in the computer system,

_ memory device;

_accessing desired information within said virtual

further including the step of using said device driver to manage information stored in said V

anonymous storage system by invoking procedures defined within said swap file system.

73. A compier program product for use in a computer system having an operating

- system (OS) which is structured to allow multiple different file system types to coexist within the

operating system the computer system including at least one volatile memory storage device and at
least one non-volatile memoyy storage device, said operating system including a storage media file
system (ES) for cataloging filgs, the computer program product comprising a computer usable
medium having computable reddable code embodied therein for implementing a temporary file

e computer readable code comprising:

computer code for providing a file manager within the file system for managing persistent

data frles and non- persrstent data files within said operating system;

computer code for mounting agd attachmg within the operating system a device driver for

. representing a virtual memory device used for implementing at least one non-persistent data file

w1thm the computer system;
computer code for 1mplementmg an nonymous storage system for use by said virtual -
computer code for using the file manageg to invoke procedures within said device driver for
| emory device relating to said at least one non-
persistent data file; ,
computer code for using sard device driver to eXfect access of said desired information
within said anonymous storage system; and
gtxfputer readable medium that stores the comput
j % . The computer program product of clairrﬂg/wherein the computer readable medium
is a data signal embodied in a carrier wave. | |

codes.

7?7 The comp,liter program produgt of claim 73, wherein said computer system includes

a second device driver for managing a secondary storage device, said computer program product _
further including computer code for configuring\¢ach driver device to implement an interface and an

operating behavior which are substantially similar¥Q each other driver device within said computer

system.

7 o /¢

[}6'. The computer program product of claim

ncluding computer code for storing the

~ data portion and metadata portion of a non-persistent file in said anonymous storage system.

7 /. The computer program product of clalwy'!/%?\/;vherein said operating systemisa
UNIX based operatmg system. ' :

Atty. Dkt. No. SUNIP164/P1251 4 U. S. Application No.: 08/675,360



‘

~ 78..  The computer program productof claim 73 further mcludrng computer code for
5 (6 ountmg said device driver using a delayed-write mode. :

79.  The computer program product &f claim 73 further comprising:
computer code for implementing a swap file system for allocating anonymous storage space
in said anonymous storage system; and ' .

computer code for using said device driver to anage mformat10n stored in sard

anonymous storage system by invoking procedures defiked within said swap file system.

, 80. _ A computer program produgct for use in‘a computer system having an operatmg
system (OS) which is structured to allow myltiple different file system types to coexist within the
operatmg system, the computer system inclu ing at least one volatile memory storage device and at
least one non-volatile memory storage dev1ce, aid operatmg system including a storage media file .
- .system (FS) for cataloging files, the computer pkogram product comprising a computer usable
| medium having computable readable code embodied therein for implementing a temporary file
: system in the computer system, the computer readakle code comprising:
computer code for provrdmg a file manager within the file system for managmg persrstent
data files and non- persmtent data files within said operating system;
- computer code for mountmg and attaching within\the operating system a device driver
‘ representing a virtual memory device used for implementing non-persistent data files within said
computer system; ’ ’
computer code for. 1mplement1ng an anonymous storage system for.use by said virtual
storage device; ' -
computer code for creating a non-persistent data file by in ocatron ofa procedure of the
storage media file system, while indicating that said non-persistent \ata file is to be'created within-
' the virtual memory device associated with said device driver, A
' computer code for utilizing said device driver to allocate anon nous storage space within
said anonymous storage system for storage of information relating to sajd non-persistent- data file;
‘and o | | . ; A
-a computerrea_dable medium that stores the computer codes. : -
Y| |
EY The computer program product of claim 30 wherein the computer readable medium
is adata signal embodied in a carrier wave. '
. The computer program product of claim 80 further including computer code for
. releasing said allocated anonymous storage space in response to the storage media file system
invokin_g a callback procedure in said device driver.

Atty. Dkt. No. SUNIP164/P1251 5. U. S. Application No.:  08/675,360



83.. The computer program préduct of claim 80, wherein said computer system includes
a second device driver for managing a sec dary storage device, said computer program product

2 -~ \further including computer code for configunng each driver device to implement an interface and an
‘ - operating behavior which are substantially si

lar to each other driverde_vice within said computer
© system. ' '

. 2
‘ gﬁ The computer program product of claim 6 further 1nclud1ng computer code for

storiné data and metadata related to sard non- persrstent data file in said anonymous storage space

2l

_ The computer program product of clalm/% wherern said operating system isa
UNIX- based operatrng system

\\)\k W 86.  The computer programy product of claim 80 further including computer code for

" mounting said device driver using a delyed-write mode.

87. A system for implementiNg temporary files in a computer system having an
- operating system (OS) which is structured %o allow multiple different file system types to coexist
within the operating system, the computer system including at least one volatile memory storage
- device and at least one non-volatile memory styrage device, the operatmg system including a file
| . system (FS) for catalogumg files, the system colprising:
afile manager configured within the file s¥stem for managmg persistent data files and non-
persrstent data files within said operating system;
adevice driver mounted and attached within the operating system for representing a virtual
memory. device used for implementing at least one non\persistent data file within said computer
system; A B | .
said virtual memory device including an anonymoug storage system;
said device driver being responsive to instructions frym the file ma.nager for invoking
procedures to access desired mformanon within said virtual mymory device relating to said at least
~one non—persrstent data file;: :
saud driver device including means for effectrng access of %aid desired 1nforrnatron within

sard anonymous storage system

88.  The system of claim 87 wherein said computer system includes a second device
- driver for managing a secondary storage device, and wherein each driver device is configured to
implement an interface and an operating behavior which ae substantially similar to each other

- driver device within said computer system.
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/9 The system of claifny 87 wherein a data portion and a metadata portion of said at least
one anon-persistent file are stored in sald anonymous storage system. ' '

3(

~ The system of claim &7 wherein said operating system is a UNIX-based operating
system. ’ -

‘ of claim 87 whereéin said driver device is mounted within said operating
system using a delayed-whjte mode. ' '

92.  The system of &laim 87 wherein said virtual storage device further includes a swap
file system for allocating anonyigous storage space in said anonymous storage system, and _
wherein said device driver include means for managing information stored in saxd anonymous

storage system by invoking procedules defined within said swap file system.

\\ o 93. An apparatus for‘ implemgnting temporary files in a computer system having an
w' o operating system (OS) which is structured\to allow multiple different file system types to coexist
- within the operating system, the computer system including at least one volatile memory storage
device and at least one non-volatile memory s _orage. device, said operating system including a
'storage media file system (FS) for cataloging filgs, the apparatus comprising:
» a file manager configured within the storage media file system for managing persistent data
files and non-persistent data files within said operating system; and
-a device driver mounted and attached within the operating system for representing a virtual
memory device used for implementing at least one non ersistent data file within said computer
System ‘ ' o
said virtual memory dev1ce including an anonymo s storage system;
* said device driver being responsive to instructions fyom the storage ‘media file system for
invokir;i;grocedure for creating a non—persistent data file within the virtual memory device.
M . The apparatus of.claiuyz wherein said device driver includes means for releasing
“said allocated anonymous storage space in response to the storage media file system invoking a
callback procedure. ‘ '
5  95. - The system of claim 93 wherein said\computer system 1ncludes a second dev1ce
ﬁ /‘ driver for managing a secondary storage device, and Wwherein each driver device i is configured to
implement an interface and an operating behavior which are substantially similar to each other
( . driver device within said computer system. '
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3 7 | 3 B
The system of claip 93 wherem said device driver includes means for allocatmg

anonymous storage space within said anonymous storage system for storage of data and metadata
relauni{to said non-persistent data file.

The apparatus of claim 98 wherein said operating system is a UNIX-based

operating system.

N

8.  The apparatus of claim 93 wherein said device driver is mounted within said

operating system using a‘delayed-write mode.

99.  The apparatus of claim 93 whrein said virtual storage device further includes a »
swap file system for allocating anonymous stokage space in said anonymous storage system, and
wherein said device driver includes means for'm naging information stored in said anonymous

storage system by invoking procedures defined within said swap file system.—

REMARKS

The Examiner objects to the title of the invention of the application as being rion-
descriptive. In écé_ordance with the Examiner’s suggestions, the application has been
amended to include a new title which is clearly indicative of the invéntion to which the
claims are directed. Accordmgly, it is believed that this objecuon has been overcome.

“On page 3 of the Office Action, the Examiner objects to language used to define

" the various claims of the application as being vague and/or ambiguous. Durmg a
_ telephomc interview between the undersigned attorney and the Examiner on July 9,

1998, the various objections by the Examiner to the presently pending claims in the
application were discussed. In addition the inventive concepts of the present
application, as well as their benefits and advantages were discussed and compared
against the pnor art, including the references cited by the Examiner, Takasaki et al.
(U.S. Patent No. 5,088,031). A brief summary of at least some of the details

‘discussed during the telephonic interview are herein described below.

In'light of the Examiner’s various objections to the vagueness and ambiguity of
the claims, it was agreed that the claims of the present application would be revised to

more clearly reflect the inventive concepts of the present invention. Accordingly,

claims 1-59 have been canceled form the apphcatlon and replace with newly added

claims 60-99. Although it is ‘believed that clalms 1-59 are neither antlc1pated by nor -

obv1ous in view of Takasaki et al., claims 1-59 have been canceled from the

application. Newly added claims 60-99 have been added to the application for

clarification purposes in order to more clearly define the present claimed 1nvent10n Itis
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‘beheved therefore, that the Exammer s obJectlons based on vagueness and arnblguny
have now been overcome
- As described in the background of the invention of the present apphcatxon the
present invention is directed to an efficient and easy technique for implementing
temporary files in a computer system having an operating system which is strnctured to
allow multiple different file system types to coexist within the operating system. For
example, in UNIX systems, two file systems are used for'managing the various files

“stored Within the system. A first system is the UNIX file system (UFS), and a second
system is the temporary file system (TempFS). The use of different file systems for
managing files within a single operating system has a number of ‘diSadvantages; First,
the requirement of providing an analogous interface and generally similar behavior in all

file systems within the UNIX operating system results in the TempFS file system being
rather comprehensive and complex. The complexity of this temporary file system
makes maintenance of the temporary file system a sizable task. Second, the
1mplementat10n of modifications in the UNIX file system requ1re corresponding
mod1f1cat10ns to the temporary file system which may or may not be easily
unplemented. Third, since the temporary file system in UNIX maintains a separate
catalog for temporary files which is different than the catalog of files maintained by the

: UNIX file system, and since the metadata of the temporary files in TempFS is stored in
volatlle RAM, the use of two separate file system within a single operating system
inefficiently uses up system resources which could otherwise be used by the system for
other applications. What persists, therefore, as an unsolved need in the industry, is a
temporary file s’yétem which obviates much of the duplicate maintenance required by
conventional temporary file systems. ' .

The present invention provides an easy and efficient solution to the many of the

"problems hjghlighted above by implementing the temporary file system within the

- UNIX file system, wherein a new device driver which manages a virtual memory _

. storage device which is used for implementing temporary files in anonymous storage
via a swap file syétem._ Thus, as stated, for example, on pages 3-4 of the sbecificapion,
the devtemp device driver of the present application provides the functionality of

: téfnporary files by representing a virtual device and including the virtual device among
several devices within which the UNIX file system (or prlmary disk f11e system) can

- store files. v ‘ .

' ‘Rather than storing data in and retrlevmg data from a physical device, the -

devtemp dev1ce driver stores and retrieves non—per31stent (or temporary) data from

anonymous storage through a swap file system which manages anonymous storage for

a virtual memory system. The UNIX file system uses the devtemp device driver in the

same manner the file system uses conventional device drivers which store data in and

retrieve data from secondary storage devices. Since the devtemp device driver
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- represents a virtual device whose data are stored in anonymous storélge and 'managed by

the swap file system, th_e’total amount of storage available for storing data of temporary

files is shared among the various components of the computer system to allow more

- efficient use of the system resources. Additionally, since temporary files in the present

invention are implemented by a device driver in the same manner that the file system
uses conventional device drivers, no substantial mod1ﬁcat1on to other file system is

egu1red to implement temporary files. Furtherrnore, any modification to the file system
is automatically implemented for the temporary files as well since one file system (e.g.
the disk file systém'or storage media file system) implements both permanent and
temporary files. In addition, device drivers are generally considerably less complex

than a file system such as the UNIX file system. Accordingly, implementation of the

devtemp device driver is significantly less complicated unless arduous than
implementation of a separate temporary file system which. in conventional systems,

simulates the UNIX file system, and yet retains the functionality and performahce of

conventional implementations of temporary files. Thus, the present invention
represents a significant improvement-over the prior art. '
In contrast, Takasaki is directed to a file control system for virtual machines

capable of executing 31multaneously a plurahty of operating systems in a single

’ computer system. A virtual machine monitor (VMM) is used in Takasaki for

coordinating the interface of the operating systems of each virtual machine within the

computer system. An illustration of the computer system which Takasaki describes is

- shown, for example, in his FIG. 1. As shown in FIG. 1, a real machine 11 includes a

virtual machine monitor (VMM) 14 which.is a control program used to create a plurality

-of virtual machines 12 within the real machine. Each of the virtual machines 12 runs a

separate operating system 15 which maintains its own filé system that is sep‘ arate and

distinct from the other file systems within the operating systems’ of the other virtual
machines. Since each virtual machine is capable of running an independent operating -

. system and since each of the operating systems utilized its own file system, the

management and shared use of files among the virtual machines was very slow and

. complex. Thus, as stated in columns 3-4 of T_akasés_lki, one of the primary objectives of
- Takasaki is to provide a file control system for virtual machines which is capable of

_ speeding up and/or simplifying the management of the files possessed by the virtual .
‘machines. Another object of Takasaki is to providé a file control system for virtual

machines which permits simplification of the file management on the side of the -
operating system and facilitation of common or shared use of files among the virtual
machines as well as reduction in overhead.

From this description it is quite clear that Takasaki is addressmg a problem v

- which is different than the problems addressed by the invention of the present -
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application. More specifically, Takasaki is attempting to coordinate management and
sharing of files-in a plurality of virtual machines where each machine runs a separate
operating system and file system. Takasaki does not teach, describe, or suggest a

technigue for addressing the problems described in the present application related toa
multiple file system within one operating system. '

For examplé, let us suppose that each of the operating systems 15 in FIG. 1 of
Takasaki describe a UNIX operating system. Clearly it can be seen that in such an

example, each of the UNIX operating systems. for example OS1 (Takasaki, Fig. 1),
would still utilize a separate UNIX file system_and a separate temp file system_within

 that :virtual machine running that operating system. Takasaki does not teach or suggest

. the technique of the present invention for implementing a temporary file system within

the UNIX file system by providing a device driver for implementing temporary files

using anonymous storage. Thus, as déescribed in detail below, it is believed that the

present claimed invention is neither anticipated by nor obvious in view of Takasaki. In
. addition, none of the other cited prior art references teach, disclose or suggest the
features of the present claimed invention és defined in newly added claims 60-99.

Claim 60.10f» the present application defines a method for implementing a

temporary file within a file system 'Qf a computer system having an operating system
which is structured to allow multiple different file systems to coexist within the

' operating system. The method includes a number of steps which, for purposes of

illustration, are explained below \

One step is the providing of a ﬁle manager within the file system for managmg
persistent data files and non-persistent data files. As described in the specification of
the present application, both pt:'-:rsistent data files (e.g. non-temporary files) and non-
persistent data files (e.g. temporary ﬁles) are managed by one file system, namely the

- UNIX file sy»sthm (dr, in rhore general terms, the storage media file system) via a file
manager which, for éxample, may include 'VSF block 108 and/or VNODES block 110
(Fig. 1). In contrast, as described in the background of the present application, for

example, conventional UNIX systems use UFS to manage persistent data files, and’
TempFS for managing non-persistent da_taﬁles. It is noted that neither Takasaki nor
any of the other cited prior art references teach, disclose, or suggest this feature of claim
60. Thus, this feature of the present cla1med 1nvent10n is believed to be both novel and
‘unobvious in view of the prior art. '
‘Another step of claim 60 includes mountmg and attaching within the operating
system a device driver for representing a virtual memory device used for implementing
at least one non-persistent data file within the computer system, wherein the virtual .
memory device includes an anonynious storage system. Neither Takasaki nor any of

-
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‘the other cited prior art references teach or suggest this feature. Ne where is it
described, taught, or suggested in any of the cited prior art references for providing a
~device driver representing a virtual memory device which is used for implementing
temporary data files within a computer system as defined in claim 60 of the present
application. Thus, this feature of the present _cl_air_hed invention is believed to be both
novel and unobvious in view of the prior art.

* Another step of claim 60 relates to using the file manager to invoke procedures
within the dev1ce drlver for accessing de51red information within the virtual memory
device relatmg to the temporagy file. No where is this feature taught, described, or
suggested in any of the cited prior art references. In fact, in conventional UNIX
systems, it s TempFS which invokes procedures for accessing desired information
within anonymous storage. In contrast, according to the technique of the present
~ invention, forexample, it is the UNIX file sy_sfem (104, FIG. 1) which invokes
procedures within the device driver (102, FIG. 1) for accessing desired information
© within the virtual memory device relating to a temporary file. Thus, this feature of the

‘present claimed invention is believed to be both novel and unobvious in view of the

" prior art.

Another step of the rnethod of claim 60 relates to usmg a device driver to effect
access of the temporary file within the anonymous storage system. Thus, for example

as stated in the specification, page 17, lines 10-13, to realize temporary files in
anonymous storage, the device driver 102 is configured to represent a virtual device,
and data access of the virtual device is realized in anonymous storage through swap file
system 106. In contrast, in conventional UNIX systeins', it is TempFS which effects
access of the desired temporary data within the anonymous storage system, not the
~ device driver. Further, there is no teaching of_suggestion in either Takasaki nor any of -
the other cited prior art references for this feature of claim 60. Thus, this feature of the
present claimed invention is believed to be both novel and uriobvious in view of the
prior art. ,
Based on the above arguments it is subrmtted that claim 60 of the present
- application is neither anticipated by nor obvious in view of Takasaki, the other cited art
references, or common knowledge in the art. Accordmgly, newly added claim 60 is
believed to be allowable. _ ,
~ Additionally, the extra feature defined in claim 61 of the present application is
also believed to be allowable over and above the features of claim 60. This feature of
claim 61 is directed to configuring each driver device in the computer system to

implement an interface and an operating behavior which are substantially similar to each -
other driver device within said computer system. Support for this feature may be found

in the specificatien, for example, page 9, lines 20-28. By using this feature in the
present claimed invention, a temporary file system may be implemented within the
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UNIX file system according to standard techniques used for implementing non-
temporary files. In contrast, conventional UNIX systems implement temporary files
through TempFS, which uses different procedures for implementing files than that of

UFS. 1t is noted that there is no teaching or suggeStion in either Takasaki nor any of -
the other cited prior art references for this feature of claim 61. Thus, this feature of the
_ present claimed invention is believed to be beth novel and unobvious in view of the

_ prior art. Claims 68, 75, 83, and 95 are also believed to be allowable for similar
reasons. _ :

The extra feature defmed in claim 62 of the present application is also beheved
to be allowable over and above the features of claim 60. This feature of claim 62 i is
directed to storing a data portion and a metadata portion_of a non-persistent ﬁle in the -
anonymous storage system. Sljpport for this feature:may be found in the specification,

for example, page 3, lines 25-28, which states that the file system of the present
invention uses the devtmp device driver in the same manner that the UNIX file system
uses conventional device drivers which store data and retrieve data from secondary
storage devices. | v

As commonly known to those skilled in the art, data files include both a data
-portion and a metadata portion which describes the file attributes. In conventional
UNIX systems, the metadata portion of the temporary file (which is handled by
- TempFS) is stored in volatile RAM while the data portion of the file is stored in
anonymous storage using a swap file system. In non-temporary files (e.g. persistent
data files) however, the UNIX file system stores both the metadata portion and the data
portion of the file in a secondary storage device using a secondary storage device
~ driver. The UNIX file systerri does not have the ability to store any data in volatile
RAM as TempFS does. '

Since the temporary file technique of the present mventlon utilizes the UNIX file
system and a device driver conﬁgured to operate in the same manner as device drivers
which store data in conventlonal secondary storage de.v1ces, both the metadata portion
" and data portion of the temporary file is stored in anonymous storage using swap file
‘ system. The technique of the present invention is advantageous over that of the prior
. art because, for example, it simplifies the file system procedures by creating a device
- driver for implementing temporary files which functions in the same manner as‘a
conventional device driver associated with secondary storage devices. Additionally, it
is'noted that this featufe is neither taught, suggested, nor described in either Takasaki or
any of the other cited art references for this feature of claim 62. Thus, this feature of the
~ present claimed invention is believed to be both novel and unobvious in view of the
prior art. Claims 69; 76, 84, and 96 are also believed to be allowable for similar

reasons.
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Claim 66 of present application defines a method for implementing anon-
persistent data file within a file system in a computer system having an operating system
~ whichis structured to allow multiple different file systems to coexist within the
. operating system. It is noted that at least some of the method-steps described in claim 66 -
are similar in language to at least some of the steps defined in claim 60 . Therefore

. .claim 66 is submitted to be unanticipated and unobivous i in view of the cited prior art’

references for those reasons discussed above in support of claim 60. Claim 66 is
therefore believed to be allowable. . .

Additionally, the additional feature of claim 67 is believed to be allowable over .
~and above the features of claim 66. Claim 67 defines the method of claim 66 further

including the step of releasmg allocated anonyrnous storage space in response to the
storage media file system invoking a callback procedure in the device driver. Snpport
for this claim language may be found in the specification, for example, page 23. As

stated in lines 15-24, in conventional device drivers, call backs representing release of
. one or more blocks of data in a physical device are not received or are not recognized
since device drivers managing.physical secondary storage dévices do not care whether a
- particular block is free. Instead, such device drivers simply effect whatever data access
is requested directly or indirectly by any of the components-of FIG. 1. However, since
" the devtemp driver 102 shares anonymous storage with other components of the
operating system, the devtemp driver releases anonymous storage when such
~ anonymous storage is no longer needed. The UNIX file system informs the devtemp
. device driver when anonymous storage is rio longer needed by operation of a-call back
" mechanism which informs the devtemp device driver that one or more blocks of the
virtual device are freed. It i 1s noted that this feature is neither discussed, taught, nor
suggested in any of the cited prior art references including Takasaki. For these reasons,
it is believed that claim 67 is unanticipated and unobvious in view of the prior art, and is
therefore believed to be allowable Claims 82, and 94 are believed to be allowable for
‘similar réasons. . o , .
Indep_endent claims 73, 80, 87,.and 93 include language which is similar to the
language defining the features of claims 60, 62 and 67. Therefore, the arguments in
favor of the allowability of claims 60, 62 and 67 may also be applied to independent
Claims 73, 80, 87 and 93. For these reasons, it is submitted that claims 73, 80, 87, and
93 are neither anticipated by nor obvious in view of the cited prior art references not by
. common knowledge in the art. Claims 73, 80, 87 and 93 are therefore believed to be
" “allowable. ' ' v
Claims 60-99 are presently pending in the application. For the reasons stated
above, it is submitted that claims 60-99 aré neither anticipated‘by nor obvious in view.

of the cited art references or common knowledge in the art. For these reasons, claims
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60-99 are believed to be allowable, and an early indication of the allowability of all the
claims is earnestly solicited. ' - .
In accordance with the telephonic interview discussion, the Examiner is im)ited ‘
"to telephone the undersigned attorney if any matters remain or-arise affecting the |
allowability of the presently pending claims. In the event undersigned aftorney isnot
able to be reached, please contact Steven D Beyer (at the same office), who will handle
the case in my ‘absencel. ' ‘

Respectfully submitted,
BEYER & WEAVER, LLP

e
dean Wolf .~
, Reg. No. 37,260 .-~
'~ P.O.Box61059 - - P o
Palo Alto, CA 94306 - _ . : . .

Tel: (650) 493-2100
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