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FIELD OF THE INVENTION
Thepmsentinvenﬁohrelatesgenmﬂywdigitalcomputersystemsandmore
specifically to a system for managing disk space in a digital computer system.

BACKGROUND QF THE INVENTION
In personal computer (PC) networks, much effort may be required by a user to
manage disk space, both within the PC and on the network. For the purposes of this
application, the term "personal computer” is intended to include desktop PCs,
workstations, laptop, notebook and portable computers, so-called personal digital assistants
(PDIs), palmtop computers, and the like. '
In PC networks having file servers, users may need to manage disk space on file

servers in addition to managing disk space on personal computers. Prior art computer

. systems may not retain enough information concerning file access and storage on local PCs

to allow for file management of both local and network drives in one step.

Anetworkﬁleservermaycompnseoneormmecomputershavmglnrgeamounts '
of disk space made available for use by other computers on the network. Disk space on a
file server may be accessed by other (client) computers on a network as if the file server
disk was a local physical disk of a client computer. File management software may be
provided to automatically manage local disk space on a PC. Such file management
software may not show to & user the mount points for the local hard disk. Rather, the file
mmgememmﬁwaremayautomancﬂ!yselectwhchoftheﬁlsﬁomthzﬁlesewemwﬂl
be stored on local disk. _

A user may continue to decide which files will reside on which major disk unit on a
file server, as well as which ﬁlés shouldbemovedtotapeorﬂoppydisk(e;g., for archive)
or deleted altogether. Such file management programs may serve to cache files from a
network server onto a local PC. For standard desktop PCs, workstations, and the like,
such file caching routines may be relatively simple.
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However, for laptop, notebook, palmtop and portable computers, PDIs and the like

(collectively, "portable computers) file caching routines may be more complex, as a

portable computer may be disconnected from a network on occasion. In order to
determine automatically what information should be kept on a portable computer, prior art
techniques for disk caching may be extended. -

If a disk on a local computer is viewed as being a "cache” of files on the network
ﬁleserver,thmunomaﬁcmmigememoflocaldiskspaeemycompﬁseacachg
managementalgonthmforthelocalduk Oneofthemostwidelyknownan&mccmﬁﬂ
cache management strategies is called the "Least Recently Used" algorithm. The date and
time of the last access of each element in the cache may be retained, typically as part of a
ﬁleheaderonthedisk.'Onc_eﬂlemheisﬂﬁllandwhmeveranewﬁleisneededin'the
cache, a file which has not been used for the longest time may be removed from the cache
to make room for a new file. :

There is a well-known problem with the Least Recently Used cache replacement
algorithm. If a user decides to examine a large number of files on a file server, one after
another, each of those files may be brought into the cache, causing another file to be
removed from the cache. Once a user has examined a sufficient mumber of files to fill all of
local disk, then none of the files remaining in the cache reflect the usage of files by the user
prior to the bulk file examination operation. If a user powers off the portable computer and
disconnects from the network, then the portable computer may not contzin a useful set of
files in the local cache for the portable computer.

Tomoreintelligemlycaclieﬁlesinaportablecomputerhuddisk,ahistoryofﬁle
access may be required. Such'aﬁle;aooesshistorymayaﬂoﬁamchingalgoﬁthmto
distinguishﬁies'whichareus_edconsistentlyove_rlongp_eﬁodsoftimeﬁ-omﬁleswhichare
being accessed less consxstently A caching algorithm may then retain files which are used
consistently. _

Apotenﬁaldiﬁwhywithﬂﬁsappmachisﬂmtacompletehistoryofﬁleaccess
could quickly become a large amount of information. Prior art file storage formats may not
permit the use of large, variable length data fields for staring file access information. Thus,
a requirement exists for a technique for storing a history of file access in a small, fixed,
number of data bytes. |
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Oneﬁlesystemtomcorporateﬁlecachmgontoalocaldaskxstthndrewate
System, created at Camegie MellonUmversxty nowsoldand developedbmisarc
CorporanonofPlttsburgh,PA. TheAndrewsystemhasprovmmanyofthebasxc
advamagesofcachmgﬁlumtoalocaldlskonchmtwkmuons TheAndrewsystem
uses a Least Recently Used ucheteplacementalgomhm The Andrew File System,
howwuumesthatcﬁentwmkstauommcomectedmaﬁ!emerbyanetworkatan
times, andtlmsdoesnotreadﬂysupportponablecomputers o

TheAndredeeSystemaﬂowsformdmgaﬁlewh:chtsmﬂzelocalcacheevenlf
it can not reach the file server temporarily. HowevertbeAndrewF:leSystemwillnot
aﬂowwnﬁngtotheﬁlewnthmncommumcaﬂngwuhtheﬁleseweronwhchtheﬁle
resides. Ifa!lofauser'sﬁlsarebehevedtorendeonaﬁleserver a user of a portable
computermaynotbeablemwmeoutanyﬁlecwhendlseonnectedﬁ'omthenetwork
Snchahmuuonmybeanumceeptublerestncuononapomblecomputer

Usersofpmtablecomputersmaymshtoukeadvantaseofaﬂlemer PC users

regardﬁlesermasaplacetoeopyloedﬁles Inmanyeases,ﬂlesﬁ'omaPCmaybe
compressedwhenstoredonaﬁlem,mahngltmuchmoredﬂﬁwltforotherusersto
aocesssuchﬁlesevenwhenfoundontheﬁlemer TheDOScommandXCOPYhasa
ﬂagwhlchwpportsbachngupﬁlesbyeopymgthem . :

TheXCOPYcommandmakes:tfmrlyeasytooopyﬁlesontoaﬁleserverasa
bachtppmcessmmchawaythattbeymnadﬂyaccesablebyotherumoﬂheﬁle
server. Backed-upﬁlesmaynumxcthemcnueofﬁlesonapomblecomputer This use
ofXCOPYaIlowsapomblecomputertoberelatedtonsﬁleservermahm:tedmanner

However, mchasoluhonmaysnllreqmreausertomanagelocaldnskspaceona
portable computer, 2 labor intensive task. Inordertoreorgmzeﬁles,ausermayhaveto
reorgmuzeﬁlesonboththeﬂlemermdonthepomblecomputer Ausermaysafely
deletcaﬁleﬁ’omapomblecomputerastheﬁlemaysﬁﬂmdeontheﬁleserver :
However, mordertotrulydeleteaﬁle, ausermustddetetheﬁleonbothﬁwﬁleserver
and the portable computer. Itmaybeeasytodeleteaﬁleﬁ'omtheﬁleserverwhenmng
to reduce disk utilization on the file server, onlytohavetheﬁlere—appearwhmmscopled
ﬁ'omthepombleeomputerbackontotheﬁlemer

Unfortunately, portsble computer file systems do not provide much assistance with
the above-mentioned problems. Most portable computer file systems do not even retain the

3-



WO 97/04393 o ' | PCT/US96/11801

10

15

25

30

date and time a file was last accessed, making it nearly impossible to implement even a
Least Recently Used replacement algorithm.

Another prior art program createdforportable computers, called Infinite Disk
m'eatesaﬁleatttibutemdlcanngthedateandnmeaﬁlewaslastaccessed. The file
attribute may be used to implement a Least Recently Used disk management algorithm.
Infinite Disk may sutomatically delete files when a user reboots a portable computer in
order to create a pre-specified quantity of empty disk space which may be utilized to save
new files. | |

The Infinite Disk program may copy such files to a new location before deleting
them. Thepmgmnmycopyﬁlesontdaﬁlesewerortodﬂoppydiskandkee_pmckof
the locations of files. If a user attempts to access a file which does not reside on local disk, |
thelnﬁmteDtskprogrammaymformtheuserwhnchﬂoppytomsu'tmtoaﬂoppydlsk
dnvemordertoeopytheﬁlebackmmepomblecomputefsﬁlestongesymm Ifa
requestedﬁlehasbeencop:edontoaﬁleserver,thelnﬁmtemskprogrammygveauser
aceesstotheﬁlexftheusensconnectedtotheﬁleserver buthllnotcopytheﬁleontothe
local disk of the user's PC.

Thelnﬁmte Disk program provxdes some hnntedassnstancetoaportable computer
user. However, hard disks on most portable computersaresolargethatxt does not make
muchsensemuytoaugmetmheapparentsizeoftheharddiskwithﬂoppydisks. Rather,
it makes more sense to fully utilize the existing hard disk on a portable computer. Ifa local
huddiskisnotlugemoughfofauiu‘sreqdrmﬁenhmymakemomsensem
install a larger hard disk than to try to extend the size of local disk with floppies.

In addition, the Infinite Disk program does not sutomatically cache files accessed
whenauserionanetw_ork. Thus,itdoesnothavetheproblemoftheﬁlecacbebeing
filled with irrelevant files by merely looking at files when connected to a network as with
the Least Recently Used algorithm under the Andrew File System. The Infinite Disk
program only deals with files which a user might want to have on a portable computer.
Onceaﬁlehasbeenmovedoﬂ‘ofﬂlepdftablecomputerbythelnﬁnitemskprogrma
user must consciously move it back again. This begins to be a significant task which must
be done every time a user reconnects to a network.

"The Infinite Disk program also has another probiem which may be severe for
portable computers, Windows and DOS operating systems are sufficiently fragile that

4



WO 97/04393 . PCT/US96/11801

10

15

20

25

30

adding the Infinite Disk finctionality to the system may threaten the reliability of the file
systemandtheopmnngsystem |
' Flgure3|llustratesdatesofaccessfortwoﬁles,FlI.ElandFH..EZforaprewous

' threemonthpenod FH.BlhasbeenconsastetmyawcssedonceorMceaweekforthe

ast three months. Fn,EZhasbeensporadwallyacoemdmceamonthdumgthelast

three months. Forauserofaportablecomputer ltmaybemondeumbletokeepFlLEl

onalocalharddnvemdmhxveFlI.EZontoasystemne_twork.

However, acacinngprogmnumgthelustkecmﬂyUsedalgomhmmykeep
FlLEzonthelocalharddnveandarchweFlLElonasystemnetwork The decision on
wiuchﬁletoeachelsbaseduponthealmostarbmmyfactoroflastdateofaccess
| Insummary prev:ousattemptstomkeausermoreproducuvebywtomaucally
managmglouldlskspwehavewﬁ'eredﬁ'omtwoeontradxctmqumrements

1 TheLeastRecunlyUsedalgomhmxsneededmordertoplaeeﬁlesfora
portable computer onto the local disk of the portable computer.

2) The Least Recently Used alg_oﬁthm should, however, not be used to manage

‘all of the disk space on a portsble computer.

SUMMARY OF THE INVENTION

Toovercomethehmitaﬂonsofthepnorart.tbepresentmvenﬁonprowdaa
techmqueforcruhngaﬁ!eamihneeonuumgmfommonconcmngthedateand
ﬁ'equeneyofuseofaparhcularﬁle Theﬁleattribmuemaybeoonﬁnedtoaﬁnd,hmmd
mmordertoremuncompaﬁblethhmsﬂngoperatmgsystems The file attribute of the
pnsevaenﬂomsweﬁ:ﬂymmadtopmwdethemammumamouMofrelevamdate
andﬁ'equencyofusedata,encodedmtoammnmmmuntofspace

hcon]uncnonmththepresentmenuon,dukcachmgsoﬁwmmayselectﬁl&s
ﬁ'omaﬁleservercoupledtoaportableeomputerandloadthoseﬁlesmtothelocalhard

 drive of the poﬁableeomputu' Fnlesmthmtheloulhatddnve of the portabie computer

maybedeleted ormovedtothzﬁleserverdependmguponthetrdaxe oflastuseand
frequency of use. The file caching system may operatein a manner transparent to the end
user. Fileshavmgahlghﬁequencyofusemayberetamed ontheloca]harddnve
regardless of their date of last use, as determined byaﬂle cachmg algorithm.

-5
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Thus, wheéi ﬁi&portable computer is disconnected from the file server, the -
computer may continue to operate with a collection of files most likely to be accessed by a
user. The user may be unaware of where a particular file is stored, or whether the portable
computer is indeed coupled to the file server.

BRIEF DESCRIPTIONS OF THE DRAWINGS
Figure 1 is a diagram illustrating a network system including a portable computer.
Figure 2A is a diagram illustrating a file structure.
Figure 2B is a diagram of a file access history attribute.
Figure 3 is a diagram illustrating different access histories for two different files.

DETAILED DESCRIPTION OF THE INVENTJON
The descriptions herein are used as examples only illustrative of the preferred
embodiment of the present invention. However, it should be noted that the methods and
systems of the present invention may be applied in a similar manner in other embodiments
without departing from the spirit of the invention.
Use of disk space on a portable computer may be classified in two large groups or
*pools" as follows:
1)  Least Recently Used Pool - Files which have migrated from a network onto
~ the local disk, but have not been recently sccessed. Such files may be
managed by a Least Recently Used cache replacement algorithm.

2) Most Consistently Accessed Pool - Files which have migrated from 2
network onto the local disk which are consistently, but not recently
accessed. Theseﬁlesmaybemanagedﬁyanalgoﬁthmwhichlooksatthe
access history of each file on the portable computer over a period of time.

In order to cache files in the most consistently accessed pool, a portable computer

may require that an access history be maintained even for those files which are not currently
stored on the portable computer. Such an access history may comprise a figure of merit
which may be assigned to each file.

Higher scores may be assigned to files which have been accessed several times each

day for a month or longer. Scores will remain high for files which have been accessed
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severalt:mesdunngthelastweek Scoresforﬁlesthatatoneumewereaccssedheawly
vnllbegntodegradesngmﬂcantlyoncetheyhavenotbeenaccessedformorethanaweek

The present invention uses at least one pool of local mass storage whase cache
replacement algorithm depends upon information ébout history of file access in order to
manage portable computer local mass storage. The present invention also discloses a
sy:temﬁordesigninig:ﬁleiccesﬂistoryﬁl:e'atm'ﬁues The present invention covers all file
accwsh!storyﬁleattﬁbute systems whxchmayuse any of the methods and apparatuses
desm‘bedhemnfordeslsnmgﬁleumbm«whchmanahstoryofﬁleaccessother
thanthes:mpledateandnmelastuudﬁleattribute

The method and apparatus of the present invention provu:les an encoding of access
historyofaﬁlemtoacompactﬁleattrlbuteﬁledwhxchmaybeofgreaxvaluem
oonstmctin_giﬁlecachinspfodﬁctivhiéhmzyretﬁn'hqededﬁlesonaportablecmnputerin
a manner superior to prior art methods. IheMcheforﬂemHngpmduas
occurs when mppbrﬁng'pomble computers donneét‘ed'toaLAquosgto half of the time.

Figure 1 illustrates a typical distributed system 100 thhm which the present
apparatus and method may operate Dlstributed system 100 may mclude a plurality of
desktop computers 120 coupled through a plurality of eommuon ports 135 to a computer
network 110whtchmturnmaybecoupledtoaplurahtyof_ﬁlestorageservets 140 each of
which may be coupled to one or more file storage tihit(s) 150 (e.g., disk drive). Network

'llOmaymchdeanetworkopamngsystemHSopumngmahwfmshmngofnetwork

tesourcessuchasﬁlestorageservers 140. Whenapomblecomputer 130, including local

 storage 131, is connected to network 110 through connect:_on port 135, a user may become

accustomed to assuming that immediate access is available to all information on all file
storage unit(s) 150. | |

The power of file caching in distributed system 100 environment is that a user may
not be aware of the storage management technique. Auser'maynwdonlydeterminehow
much local storage 131 to acquire (i.e., select size of hard dnve) Theusermaythen
assumethattheautomaucﬁlemhmgsystumswﬁmmmchthnttheusumayonly
achieve better results through unacceptable levels of effort. Allﬁlesmayl_)e_backed up
onto network 110, and may be made available for file sharing under file access limitations
implemented by network operating system 115.
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If local stféjze. 131 is large enough to store most of the files needed by the user, .
then a simple file caching system may work well. One problem, however, is if 8 user
occasionally uses a wide range of data files throughout network 110 then it may be difficult
to distinguish the files which should be on local storage 131 from those which should
remain primarily on file storage unit(s) 150.

Files which are needed only in the long term should not be stored in local storage
131. Files which are used consistently over time should fall to the bottom of the priority
list for removing from local storage 131. The present invention providesauserwithan
illusion that the user is connected to network 110 even when the user is not connected to
network 110, without requiring attention from the user to select files which will be needed
except for "new" files which a user wants to store on local storage 131 before
disconnecting from network 110. |

The present invention provides this illusion by maintaining information about the
pattern of access to files stored on local storage 131 and file storage unit(s) 150. Itis

* common in the art for local storage 131 to maintain data representing the date each file was

last accessed. However, a high quality file caching system may require an entire history of
access to each file. Files may contain both data and attributes. Figure 2A is a diagram
illustrating a file 200 of the present invention which may be stored in file storage unit(s)
150, File 200 may contain a plurality of data items called records 210 and a file access
history attribute 220. |

Figure 2B illustrates several fields of file access history attribute 220. File access
history attribute may comprise several fields; date of history field 221, file access count
222, nine-day history field 223, 80-day history 224, and long-term history 225.

File access history attribute 220 may be fixed in size. In the preferred embodiment,
file access history attribute 220 may further comprise five specific file access history
attributes 221, 222, 223, 224, and 225, as llhlstrated in Figure 2B. Each specific file access
historyatt_ribute221, 222, 223, 224, and 225 and each may have a different size. A 96-bit
or 12-byte file access history attribute 220 may utilize 16 bits for date of history field 221,
four bits for file access count 222, 18 bits for nine-day history field 223, 40 bits for 80-day
history field 224, and 18 bits for the long-term history 225.

A standardized application program interface to all of specific file access history
attributes 221, 222, 223, 224, and 225 may allow a cache replacement algorithm to be
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written independent of the precise nature of file access history attribute 220 actually-
implemented on a computer system. ' | |

In the preferred embodiment, the present invexiti_o_n pfoﬁdesh 12-byt§ file access
history attribute 220 which may be more tha sufficient information than needed for a file
caching system. However, one skilled in the art can appreciate that the method and

- apparatus of the present invention may be applied without undue experimentation with file

caching systemsto determine which portions of file history infofmaﬁqn may be more

relevant than others.

Th:s,ﬁleaccesshstoryamibmeuOmaybeﬁmhercompactedsuchthatonlyas
much file history information is retained asmwdedtomakeﬁlecachmgsoﬁwarework
well. In an alternative embodiment, file access history attnbute220maybe1mplemented
mﬂ:a48-bxtﬁleaccesshnstoryﬁeldwluchcomparesvayfavorablymmtothesz-bnt
date/time last accessed field of prior art DOS based systems.

Another advantage of file access history attribute 220 is that for heavily accessed
files, file access history attribute 220 may not have to be written every time a file is

- accessed. 'Certainﬁleattn'buteﬁpdatesmﬁihaveahighgfpﬁoritytomequtﬂnhothers.

A rather detailed file access history may be encoded into 12 bytes if it is configured
to contain more information about recent history and less information about less recent
history. Such a scheme meets the needs of file caching software, which needs fairly
detaﬂedmfomauonabmnmemueesswaﬁie,hnmmmmmzethepammofusewer
longer periods of time in consxdmblylessdetaﬂ

Ifaﬁlehlstoryenoodmgmtelauvetoawmpmntmume,mmmamcesoﬂware
may be provided (e.g., background]obonponableeomputerlw)topﬂformapenodtc
passoverallﬂleattnbutestoupd_ateﬁleaecesshlstmyatmbute(s)zzo and bring their
encoding up to a current point in time. Forhiostﬁleé;howgvér,ﬁleaccesshistoryaudbme
220 may be updated the first time a file is accessed on any given day. Thus, most of such
processing may be distributed over other calculations, and little or no additional disk writes
may be needed to “shift" history information. '

DAIE OF HISTORY FIELD
Date of history field 221 may be as small as two bits. If periodic maintenance

passes are performed over local storage 131 no more than once every other day, date of

9-
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history field 221 may be reduced to two bits to represent a number of days relative te the .
start of the last maintenance pass. The date of the last maintenance pass may be stored as a
16-bit absolute date (i.e., day, month, year) in another file maintained by a file history
maintenance background job program. Caching software may load the date of the last
maintenance from that file and then deduct the date of history for individual files by adding
the value from date of history field 221 to the stored date of last maintenance.

If the size of date of history field 221 is increased, the frequency of maintenance
passes may be correspondingly reduced. Maintenance passes over local storage 131 may
be eliminated entirely by making date of history field 221 a 16-bit absolute date last
accessed field, indicating month, date, and year,

It may be useful to think of date of history field 221 in terms of two different dates:

1) The date of the beginning of the last maintenance pass over local storage

131; and .
2)  The date of the beginning of the current maintenance pass over local storage
131. I

Part of the encoding of date of history field 221 places limits on the overall design
of a file system. Two variables may be considered: _

D-  Represents how many days a maintenance pass over local storage 131 may

beall_owedtotaké.

B- How long between maintenance passes over local storage 131.

For variable D, usually, a day will be adequate, aithough two days may provide
more flexibility. It is preferable that a maintenance pass over the files within local storage
131 occur in background, at a low priority. Furthermare, the present invention takes
advantage of the fct that files which are accessed normally may have a file access history
attribute 220 updated as part of normal file processing, without causing additional disk
writes. It is more advantageous to have D as large as possible. D codes may be pre-
allocated for dates during a maintenance pass over local storage 131, as any of the other
codes may not be able to be used until the maintenance pass over local storage 131 is
complete.

-10-



WO 97/84393 PCTIUS%IIIS(II

10

15

20

25

30

ForvanableB.theremaybeZ*Dvalueswiuchmaybesetwdefordatswlnch
occurdunngammntenancepassoverlocalstomge 131. After completion of a
mmntenancepass,nodatesremammthadateofhutoryﬁeldnlpnortothestartofa
current maintenance pass.

" Dmmgthemmntenancepass overlocal storage 131, therearethreepossnble
| ) Convertthéﬁle'agcesshi';stofy'_of'aﬁ.lew_hich.ha;not,b.een.accessedsince
the beginning of the current mmntenmce pass over local storage 131, but
wasaccessedreoentlyenoughs'oth;titisnotuaing_anabsohtedateof.
access history,
2 Conmdateofmstoryﬁeldzzxtoanabsomtedatefouﬁxewmchwas
 acoessed reasonably recently, but has not been accessed for about a week,
thereby preventing the need for further updates until the file is accessed

" _ , . :

3) Convert the absolutedateofaccessﬁ-omtheprevxous epoch to the current
epoch, for a very infrequently accessed file.

Inordertonmnm:zethemmberofﬁleatmbmesmodxﬁeddunngammNenance
pass over local storage 131, ammntenamepassova'localstorage Blmaybeperformed
byﬁrstwmnngforappmmmatdyaweekbeforeacwanymngmyﬁleatm’butes. Then,
as each file attribute is visited, the only changes made during the maintenance pass over
localstoragelSlmaybeoftype?.,andnotoftypel _ _

Therevaalueswh:chmd:catedatesmmthdeayuﬁerthehstmmmenmce
passoverlocal:toragel31began,butbeforethectmempass The next maintenance pass
overhcdstongewlmustmnnomorethmdeaysaﬁuthghummtenmpm
began. B will slwaysbeatleast1. I

Such a scheme may a!low a 4-bit field to haveD=6 and B=3,0ra S-bxt field to have
D=6 and B=20. A two-bit ﬁeldnmsthaveD-—-—landB-l .

prortable computer 130 is not used forlong periods of time, there may be serious

'consequemesdunngacutrentpassoverlocalstorage 131. Smceﬁleaccesshnstory

attribute 220 reflects only the current status of the local disk 130 (anyﬂlem:gmedtothe
file storage server 140 and file storage unit(s) 150 may have its date of history field 221

-11-



WO 97/04393 - PCT/US96/11801

10

15

20

updated to the current date or an absolute date on the fly), it is possible to define the "days"
of the date of history field 221 to actuslly be defined to be virtual days on which portable
computer 130 was turned on at least once. These dates may then be filled into a table of
dates for the codes of this field. Thus, long periods of inactivity may not force a
maintenance pass over local storage 131 as soon as it is tumed on.

If a maintenance pass over local storage 131 is not finished before running out of
codes in date of history field 221, the present invention may artificially pretend the next day
has not been reached until it has finished the maintenance pass over local storage 131. To
minimize damage to file access history attribute 220 in such a case, the priority of the
background task which is making the maintenance pass over local storage 131 may be
increased. . .

The rest of the encoding of the history of file access assumes the invention is
looking from the perspective of the present. Every time file access history attribute 220 is
read, the present invention will immediately process date of history field 221, and adjust file
access history attribute 220 to reflect the present date's perspective. Thus, file access
history attribute 220 may always reflect the day on which they are viewed.

FILE ACCESS COUNT |
File access count 222mayrepresentthenumberoftimesaﬁlehasbeenaccessedon
a current day and may comprise four bits. Once file access count 222 reaches its maximum

“value, it remains at that value until reset by access on a subsequent day. Values for a two-

bit file access count 222 are summarized in Table 1.

-12-
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Thus, the number of accesses on a given date(date of history) may be compacted
into as little as one bit.

NINE-DAY HISTORY FIELD
' Nine-day hxstory field 223 may fepresent a cumulative access history for the
precedmgmncdays N‘me-dayhutoryﬁeldmmaybengmﬁcanﬂycompressed,for
example, to lsmts,mth_mhofnmednysrwdbytwqbns_. In an aiternative
embodiment, 27 bits may be used, with each of nine days represented by three bits.
Nine-day history field 223 may be analogous to a history of access for a current
week. When data from nine-day history field 223 is combined with data from file access
count field 222, a history of the last 10 days of access to & file may be reconstructed with

| reasonableaccuracy

N'me-dayhmoryﬂeldm shouldconnstofcollapsedvaluesofdulyaccessover

'theprmousnme-days Amdﬁleaccesscountmmaysullbeusedtoobmnuﬂ'ormauon

about the present day, such that information about a total of ten days of access is known.-
Two- and three-bit encodings may be used to encode the following range of numbers as
illustrated in Table II. ) _
Three-bit encoding may be required in order to gain good experience with file
caching software. One consideration is what should be done about files which were
accessed only once when portable computer 130 was on network 110. If a large numbers
of files are accessed once from file storage unit(s) 150, other files which have been
accessed many times recently may be deleted. It may be important to keep information
about a single or double access in order to better determine details of a shorter (i.e, two-
bit) encoding. Two-bit encoding may have a special code for a single access, or it may
combine 1-4 accesses into a single code. Thus the scheme of Table I is by way of example
only.
- -13-
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The present invention may use a 2-bit code to encode nine-day history 223 into 18
bits (i.e., 2 bits for each of the last nine-days of access). Such a scheme may work
especially well with a 3-bit date of history field 221 (D=2, B=4) and 3-bit file access count
222, allowing the first three portions of file access history attribute 220 (date of history
field 221, file access count 222 and nine-day history field 223) to be compacted into 24 bits
instead of 48 bits. |

In an altemnative embodiment which may be the preferred embodiment of the
present invention, a 4-bit code may be provided for three days. Three of these 4-bit codes
may specify the pattern for 9 days. Three of the four bits may represent whether there is
any access of the file on a corresponding day. The fourth bit may determine whether there
was at least one day of significant access of the file. Encoding which represents no access
at all, but significant access on at least one day may be interpreted as representing that there
were at least two days of significant activity. '

80-DAY HISTORY FIELD

80-day history field 224 may represent a cumulative access history, in an even more
compressed form than nine-day history field 223. Data from file access count 222, nine-day
history field 223 and 80-day history field 224 may be combined to reconstruct a file access
history for the preceding 90 days (i.c., previous quarter). In the preferred embodiment, 80-
day history field 224 may be 40 bits long. ' |

-14-
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80-day history 224 may be constructed from elght 5-bit fields, each representing file

. accesshnstoryforaten daypenod Each S-bit ﬁeldmaybereadﬂyoonstructed&om data

ﬁomﬁleaccesscothZZmdnme-day!nstoryﬁeldm whlchmthemselvesrepresenta
tendaypmod .
Tbus onceadetmledhxstoryhasbeenconstructedforthehst 10 days, it may be

| faiﬂyusymeompressmchmfommonmmheesmmfommnmededfmreeeng

but slightly aging information. For each file, on a single day, activity may be classified into
one of three activity states: no access (INACTIVITY), not a significant number of accesses
(ACTIVITY), and & significant number of accesses (SIGNIFICANT ACTIVITY). Of
interesttoauching_programmaybethelengthofthelongestpeﬁodsofinactivitywithina
ten day period. | |

These three activity states may be encoded using a 2-bit code. The present
invention may distinguish activity and significant activity as being >1 and >4 accesses,
respectively. A 3-bit code, however, may allow for further distinction between >1, >2, and
>4 accesses. In the preferred embodiment, a 5-bit code of a ten day pattern of activity code
tllustratemeablem

InmterpretmgTablem,ltshouldbenotedthatdataofpnmnrymtemitmthc
long&stnumherofconn_gnousdaysmatowofmacnv:tywnhmatendaypmod. Thus, for
example, value 01110 may indicate that the longest contiguous period of inactivity during a
given ten day period was two days. There may have been several one or two day periods
within that ten day period, however the longest contiguous period of inactivity was two
days. | :
Moreover, the data encoded in the five-bit value representing a ten day period is
indicative primarily of inactivity and significant activity. The values for activity may be
inferred generally by subtracting the amount of potential inactivity and significant activity
from 10. Thus, the values for activity are not explicitly encoded in the five-bit value, but
are merely inferred, and are shown in Table III for purposes of illustration.
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5
10
|
|
| o101 2 C-Days =< 2Days. 6 Days
15 § o1100 3 C-Days 0 Days 7 Days
| o110 1 Day =< 1 Day 8 Days _
| oulo- 2CDays | =<4Dayps 4 Days
| _oul 3 C-Days _ =<2Dws__| SDays _
10000 1Dy | =<3Days 6Days _ 1
20 10001 2 C-Days =< 1Dy 7 Days
|_tooi0 | o0Duy =<2Dap | spws |
i 10011 0 Days 1 Day 9 Days
| T -7 N R —
25 10110 45 C-Days'_ - 2.6 Days* |
10111 6-7 C-Days' 34 Days* i
11000 8.9 CDays’ 12 Days* |
11001 45 C-Days’ 2-6 Days' |
| 11010 6-7 C-Days’ 34 Days*
30 f_uou 89CDays® | 1-2 Days"
| 11100 45 Days’ - 2.6 Days'_
| 11101 6-7 Days’ 34 Days*
| L0 | 89 Days e——— D S
[ i [ 0Dws | oDay | oD ]
NOTE: C-Days denote contignous Days~~ * LADLE 1Ll
Mnctudes First Day
Zucludes last day
3Doesn't include first or last day
4 Activity or Significant Activity
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Theﬁve-bnt pattern ofactmty encoding concentrates on being able to encode 2
generalgraphofpenodsofmacnvuyandpenodsofngmﬁcantacumyforaﬁle With
e:ghtoftheseencodmgs (40 bits), theaverageofpmod of inactivity between periods of

| acnvuycanbedmovered,asweuuhowmtenseaﬁlexsameddumgpenodsof
activity. Thns,thetmewhenaﬁleumapenodofmchvntymaybepredxctedmdtheﬁle
cmbemgratedtoﬁlenougeml@mdﬁlestomgeum(s) lSOuntilneeded

Pattunofactlvuycode(Sb:ts)maybecombmedw:tha3-bncodespeclfymgthe
avemgehvdofmgnﬁamamuyﬁ:rthosedays-wmhaﬁhhuhadngnﬁmmm.
If using the 3-bit code for 9-day access, and if significant activity were specified as >2
aceesssperday,then3-4w¢essesmaybecountedasbeing3accesses,s-l6accessesas
being 8 accesses, l7-64:ecessesasbe|ng24accesm,65-256accessesasbemgso
accesses, and>256accessesasbungz75mses Thentheaveragemmberofaccesm
for the number of days ofugmﬁeutmnymayheeﬂmlated, andremltm(s-G), (7-12),
(13-26), (27-50), (51-75), (76-100), (101-200), and >200 accesses, as encoded into 3 bits
oftheaveragelevel ofngmﬁcmactmty

Two fields are present which contain information sbout periods of time in the past.
In order to minimize the need to move information from one portion of these fields to
mother,tbepremsemumermwh:chtheseﬁddsareasmwedmthdmsorrmgaof
datesmaybenon-mtmhve, Themne-dayh:storyﬁeldmayalwayscontmnmformauon
aboutyesterdayandtheugbtdayspmrtoyesterday Theso—dayh:story however, may
onlybeupgradedonceevaymdays Whentheabsolut_edate,takenas_anmtegenso
modulo 10, then the information for the current day and the nine-day history is encoded -
into a 10 day encoding as required for the 80-day history, and is added to the beginning of
the 80-day history. The oldest information that falls out of the 80-day history is
incorporated into the long-term history as described in the next section.

Long-term history 225 maycharacteﬁzeaccesshistoryoveranextendedperiod of
time. Long-term history 225 may be even further compressed than 80-day history field 224

and may be, for example, 18 bits long.
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Once a fuil‘Guarter of activity (i.e., 90 days) has been encoded in file access count
222, nine-day history field 223, and 80-day history field 224, then average periods of
continuous inactivity and average periods of activity may be calculated and characterized.
Long-term history 225 may be obtmnedbyavcragmg information from the present history
together with long-term history. '

Howencodmgxspuformedmaymd:catehowfarbackaﬂlehasbemaccessedas
well as patterns of access. If file access history attribute 220 indicates that no recent
accesses have been made, then that file probably should be on file storage unit(s) 150 rather
than local storage 131.

A period of inactivity may be defined as a period of at least 7 days of inactivity,
where n is a key parameter. A period of activity is defined as a period of activity with
fewer than » days in a row of inactivity. The value of » should probably be set in the range
of 3-7. |

* Table IV illustrates the number of bits which may be assigned for 80-day history
field 224, for different total bit configurations. The arrangement of Table IV is by way of
example only. Other types of arrangements may be used without departing from the spirit
and scope of the present invention. ' '

Aveuge Period of Actmty
Average Period of Inactivity 4 4
Number of Periods in Averag 5 5
Average Intensity 0 3
Previous Period 0 4
Current Intensity 0 2 I
Current Period 4 4 |
u M Active/Inactive 1 1 ﬂ

TABLE IV
A 4-bit period values (Average period of activity, average period of inactivity, and

current period) from Table IV may be encoded as illustrated in Table V, where each value
represents a number or range of days.
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_TABLEV N
20 The two-bit current intensity field from Table IV (27-bit format) may represent the
number or range of days of significant activity during the current period. The current
period may be defined as the day 91 daysbeforedateofh:storyZZl Omrenﬂy
-Act:vel'mactxveb:tﬁ'omTableledwatewhethcrtheﬁlewasactweormacuvedunngthe
current period. CurrentmtemttymdlcateshowmanydaystheﬂlewasSIgmﬁcantlyActNe
25  during the period of activity. .
mmmmmmmmmmmmwmmw
intensity, onecandetetnnnewhetherﬂierewas_;nexte_ndo;dpmod_ofeonnguous_
significant activity extending into long term history 225. ‘Such information may be useful to
 illustrate whether a file has been consistently and s:gmﬁcantlyaccessedforconsecunve days
30 inthepast. It may be desirable to cache such files on local storage 131.
~ The two-bit current intensity field may be encoded as illustrated in Table VI.
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The avenéeintensxty field of Table IV may represent the average number of
contiguous days of significant activity during long term histofy 225 and may be encoded as
illustrated in Table VI. Alternatively, the 2-bit value for average intensity may be encoded
25 {0, 1,2, 6} days. When averaging, the actual number of periods up to a maximum of
four is used to calculate an average intensity, then rounded up. Thus, the moving average
forintensitymovsmorempidlythanonesforperiodlength.'Them:mberofpeﬁodsmay
be 1-32, with 0 being encoded s & minimum, illegal value for a period of inactivity. Table
V1 illustrates an alternative embodiment for encoding average intensity using three bits.

10 [ Threebit Value | _ Average Inensity |
| 900 0.5 Days |

15

TABLE VI

If there are a total of more than 32 periods, the number of periods may be set to an
appropriate number such that taking the current cycle at its current length, and the total
history of time assuming all previous periods were of uniform length, will give the largest
pumber of these cycles. Such a technique may accurately count the average length for all
cycles after calculating an average, causing periods of activity and inactivity to be decaying
averages once there are more than eight periods. '

Long term history 225 will provide the most information for files with long periods
of either steady activity or steady inactivity. Long term history field 225 may provide
histories of up to two years of legitimate data. The easiest way to make this more
meaningful is to add additional bits to the number of periods field to ensure at least six
months of data. ' ' '

In an alternative embodiment, a 48-bit or 6-byte file access history attribute 220
may utilize 4 bits for date of history field 221, 3 bits for file access count 222, 12 bits for a
nine-day history field 223, 16 bits for an 80-day history field 224, and 13 bits for the long-
term history 225. '
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Notethatnt mayhennponant to wnteomanupdatedﬁleaecesshlstory attribute .
whensemngtheﬁleaccesscoumtolor2whenthemne-dayhnstmyﬁeldzz31szero

Asdlscussedabove,dateofhnstoryﬁeldnlmaycompnseadateonwhlchaﬂle
accesshxstorywaslastupdned Inordertoreduceorelmmateupdanngﬁleaccesshlstory
attn'bute220forﬁleswhncharenotaocessed onecode,orpossiblyoneb:tmdateof
hxstoryﬁeld 221 maybeset aside to mdlcatethut a l6-b1t (or possibly less) "absolute"

-encodmgofthedateofhxstorylsbemgused Ifabsohmeencodmgofthedateoflustoryxs

being used, dateofhxstoryﬁeld 221 mayencroach onsomeoftheotherﬁeldsmﬁleaccess
history attribute220 __ - '

It maybe nnportantto careﬁlllyselect wluch ﬁeldsw:thmﬁleacmhnstory
attn’bute220w_l_uchmaybe encroacbeduponm orderto allow infrequently accessed files to
always use an sbsolute date. Only heavily accessed files may use a small date field to
identify a date of Iast access. In particular, oldest days in nine-day history field 223 should
be utilized first for additional absolute data bits. |

" Inthe preferred embodiment, file access count 222 and nine-day history field 223
should not be encroached upon. Whatever parts of the.ﬁle access history attribute 220 are
encroached upon foranabsolute date may be assumed to indicate no access during this
point in time. If this is not true, then an absolute date of access history may not be utilized.

Even absolute date encoding may comprise less than 16 bits. In such a case, two
context-sensitive date systems may be in use. Two 16-bit absolute date values may indicate
two different beginnings; one for a current epoch and one for a previous epoch. One 9-bit
absolute date may allow changing of epoch every 256 days, forcing reconstruction of  file
access history, even for files which have not been accessed in a long time, to about once a
Such updates could be done at very low priority as a background processing job
within portable computer 130. It should be noted that for purposes of illustration, such a
background job is dlscussed as being performed on portable computer 130. However, such
background jobs may also be performed on other computers (e.g., desktop computer 120)
whereﬁlehlstorydataordlskmhmgnsreqmred

Moreover, such file histories may be maintained within files stored within file
storage unil:(s) 150 éoupled to network 110 which in turn may run 8 maintenance pass
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- program as a background job. Network 110 may use file history data to determine which .

files within file storage unit(s) 150 are to be archived (e.g., backup tape or the like).

Many system designers may want to simplify the design, and a cost of 16 bits per
file attribute may be fine. Thus, there is a viable 96-bit (12-byte) encoding: 16-bit date of
history field 221, 4-bit current file access count, 18-bit nine-day history field 223, 40-bit 80-
day history field 224 with no intensity information, and 18-bit long-term history field 225.

As discussed sbove, the technique of the present invention may be employed both
within an operating system software andlorasabad:ground 'miintmance"job, or may be
employed as part of device driver software, applications software, or the like. Upon
operation, the software of the present invention may determine file access history, as
discussed above, upon access to a file within local storage 131, and/or as part of a
background "maintenance” job. Such a maintenance job may take any number of hours,
days, or even weeks to complete for the entire contents of local storage 131.

Once an updated file access history attribute 220 has been assembled, the file access
history attribute 220 may be written onto local storage 131 as part of a file header. Disk
caching software (optional), which may be provided as part of a package with file access
history software, or may be provided as a separate package or by another vendor, may then
utilize the file access history to perform disk caching on portable computer 130. With
improved file access history atribute 220 availsble, disk caching software may more
accurately cache relevant files onto local storage 131.

ACCESS FUNCTIONS

With any complex encoding, an important element is a set of access functions which
allow essential information which has been encoded to be provided in a convenient manner.
Several different access functions may be readily supplied. The purpose of access functions
is to provide information, especially to caching algorithms and the like such that various
caching algorithms using various policies can calculate a priority for each file. Low priority
files may be early candidates for replacement, while high priority files may be late
candidates for replacement. |

Despite its inherent drawbacks, the Least Recently Used replacement sigorithm
performs surprisingly well in many situations. However, the Least Recently Used
replacement algorithm has one major flaw; if a user accesses a large number of files at one

22.
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t:me,thentheenurecachemaybeﬁlledmthuselessmformanon Thus, an improved

cachngdgomhmmyenmeﬁleswhchhawbeenusedconslstemlymnotdlscardedm

favor of files which are used less consistently. . _
Aecessﬁmchonshavemgmﬁcanteostnfﬁnemofmformahonremmedlslarge

Smceﬂ:eamountofmfomahonencodedaboﬂeachﬂleumbstanﬁd,nmaybeusyto
'wnteanaccessﬁmcuonwh:chmayremmabout IOObytesofdmmhprowdes, ina

mmp!eandconastentfonnat,accessmfomuonabomaﬁhoverusmtory One such
ﬁmcuonmaybereqmred,butltmayonlybeusedwuhlowﬁ'equemy The most desired
aceessﬁmctlonmaybeonewhlchprovxdua32-b1tpnontymwh1chvanousmfmmauonls
enoodedmamannerwbwh allows s:mple mod:ﬂeauon ofthe priority by modifying specific
bytesorﬁeldsmthmthe:iz-bttpnonty _ .

Fﬂesmacomputermyberewnedawordmgtothefollomngpnoruy rated
highest to lowest as follows: :

1) Filesusedoonmstmtlyeveruncetheywaea-eued

2)  Filesused oonslstently recently.

. 3)  Files not accessed recently, but used consistently overalong period of time.

4) F’deseregtedonthelaptop, but not used recently. |

5 Files which are needed periodically, but are not used outside of their period

oftime. . - _
6) Files accessed once today.
7 Files used only once several days ago.

BASIC PRIORITY ACCESS FUNCTION _

Th:rty-two bit priority emodmg may be created containing usefusl semantic
information, but which may be readily manipulated by software which prefrs a different
prioritization of the files. The purpose of each byte may be identified, starting with the high
order byte, as follows: _

1) Consmency of access

a) Accessed consxstentlyrecently code: 3

b) Accegsed conmtently, but not now, code: 2

c) Accessed coﬁsistenﬂy, but in distant past, code: 1
d)  Never accessed consistently, code: 0
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8) Significant activity every day
b) % of days have significant activity - 8 states, not precise
¢)  Not significant activity _
@) % of days with no significant acivity -  states
3)  Period of intensity

4)  Period of inactivity since period of intensity - negative - makes long period
of inactivity lower priority

Thus, a thirty-two bit priority word may be divided into four bytes. Ifthisisa
generalization of the Least Recently Used algorithm, for a file which has been accessed
today there may be ways of distinguishing the priority of different files based on consistency
of access. This prioritization prefers files which have been accessed consistently at some
point in time to files which have been accessed now.

A file caching algorithm may provide some significant disk space to files which have
been accessed today but have not been accessed consistently. There may preferably be
upper and lower limits on such allocated disk space. Utilization of such disk space may
depend upon how many files have been accessed recently but not consistently and how
many files have been accessed consistently. .

Encoding the consistency of access may comprise an integer values 0-3. The
intensity of access may comprise an integer values 0-15; 0-7 if no significant activity, giving
percentage of days of activity during the period of activity, and coding 8-15 giving
percentage of days of significant activity during the period of activity. Percentages are
encoded semi-logarithmically, not linearly, thus code 7: 80-100%, code 6: 60-79%, code 5:
45-59%, code 4: 30-44%, code 3: 20-29%, code 2: 13-19%, code 1: 6-12%, code 0: 0-
5%.

The encoding of the period of activity may comprise an integer values 0-255 giving
the number of days in the period ofactmty The encoding of the period of inactivity may
comprise integer values 0-255, with 255 being zero days of inactivity, 254 being one day of
inactivity, and O being 255 days of inactivity.
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The complete history access finction may be fairly simple. File access history may
be divided into two parts; the first 90 days and long-term history. For the first 90 days, a
bytemaymaybeprowdedeontmnmgthemtmtyofmonmhday For long-term
hnstory,thenumbersmtheencodmgmybeprowdedmaeonvmemformasfonows
1) Byte array for 90 days, intensity of access on each day, code 0: 1o access,
code 1: one access, code 2: 2 accesses, code 3: 3 accesses, code 4: 4
aecesses,codeS:'mor'e.thahl_lacc.e.sses o
2)  Number of long-term periods recorded

3)  Average period of activity, in days
4) " Average period of inactivity, in days
5)  Averageintensity of sccess

'6)  Current period active/inactive
7)  Length of current period |
8)  Intensity of access in current period

This represammon may be mdependent ofall of the variations between options,
allovnngusercodetobemdependm of the internal representauon of the history of access.

Additional functions may mcludetheDate of }kstoryAceessFuncuon, wlnch
remmsthedneofh:storyasa 16-bit integer, Thlsﬁmchonmaybeusedtommzethe
numberofhmcsallsaremadetotheaccesspnontyﬁmcnon The Today's File Access
Count Access Function may return the count of accesses occurring on today's date.

UPDATE FUNCTIONS _ _
Théopeuﬁngsystemmay'needﬁoupdatethéhistoryofaccess. There may be two
basicaocessﬁmtions;incrementwcesscount,mﬂupdnehistory The increment access
countﬁmct:onmayreqmreaccmtoammdateasaglobalvamble The update history
ﬁmcnonalsoaccessesthewmntdateasaglobalvmable
Onereqmrementformhmgtechnologyxsthatmchﬁmcnonsmyneedtobe
relatively fast. Thus, for example, the 80-day history need not updated every day, but
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. father only once everle days. The nine-day history may be updated, for example, a-

maximum of once a day.

INCREMENT ACCESS COUNT

This function may require only one argument, namely a pointer to & history of
sccess data structure. In addition, the increment access count may have access to the
global varisble comprising today’s date, in the 16-bit format which may be required by

history of access software. The increment access count may update the histbry of last

access in the history of access structure, if necessary.

The Increment Access Count function should return a value ofOxfahlghpnonty
change was made to the history of access, 1 ifa low-priority change was made to the
history of access, and 2 if no change was made to the history of access. This information is
likely to be used to determine how rapidly this file access information needs to be written
onto the disk. -

UPDATE HISTORY

This function may take the same argument as the increment function, a pointer to a
history of access data structure. It may also use the global variable for today's date. The
update history function may update the history of last access in the data structure to be
today's date. The update history function may return a boolean value indicating whether it
was necessary to update the structure or not. |

INITIALIZE HISTORY STRUCTURE

This function is invoked when creating a new history structure. The initialize
history structure may initialize a new history structure to indicate today's date, but no
access. It may further take a pointer to the history of access structure.

While the preferred embodiment and various alternative embodiments of the
invention have been disclosed and described herein, it may be apparent to those skilled in
the art which various changes in form and detail may be made without departing from the
spirit and scope of the invention.

For example, the main alternative which may be certain to contain the information
needed is this 17-byte encoding; 16-bit date of history field 221, 9-bit file access count, 27-
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bit nine-day history field 223, 64-bit 80 day history field 224, and 18-bit long-term history .
field 225.
 This encoding may be used for people who want to experiment in optimizing the

replacement algorithm. Once the algorithm has been optimized, then the part of the
encoding which is not needed can be eliminated. Thus, another evertual alternative s 2 64-
bit fle attribute which is ikely to utilize 16 bits of date of history field 221, 3 bits of acoess
count, 18-b1tmne-dayh|storyﬁeld223 and27b1tsoﬂong term history field 224.

Moreover, wluled:selosedhuexnasstormgﬁlemessh:storyat&ibuteﬂﬂwxﬂun

corresponding file header, nmayalsobepossiblewstoreﬁleaccesshxstoryambuw(s)
'220maw¢ralﬁlelocauonmmanotherstorageare& |

In addition, while dlscussed above as being used for file access hnstory encodmg, the
present invention may also be applied to databases. Another element of disk space
management may reside in which portions of corporate databases are replicated in a laptop
in order to allow disconnected operation of business applications. In such cases, each
record may require 2 history of access. All of the techniques discussed above for file access -
history encoding may also be applied to the history of access of individual records ina
database. _ .
Some corporate databases exmt outside of file systems Whﬂe smaller databases
mayreadeenhm!yonalaptoporPC largerdatabasesmayrequlreaddtnonal storage. For
suchlargerdatabases, alnstoryofaccessforeachlocaﬂyrepheateddatabasemordmpy
may be generated. Similarly, the techniques of the present invention may be apphed to
messages in a groupware discussion database or the like.
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L Amethodforencodmgaﬁleaceesshlstorycompnsmgthesteps of.

gmumngaﬂleaccesshnorydatedataﬁeldnpresmnngaﬁleaccessmaorydate
upononeofwhchaﬁleaceenhnorymdaﬁleaecessforapamﬂﬂarﬁlehasomned,

generating a current access history data field representing a level of aocéss for the
parﬁmﬁa'tﬁleonthzﬁlewcesslﬁstorydﬁe, -

generating a near term history data field representing levels of access for the
particular file for a first predetermined number of days preceding the file access history
date, ' _

combining the file access history date data field, the current access history data
ﬁdd,andtheneartermMstolydmﬁeldmmlewcessh:storyamibute,and

stonngtheﬁleacoush:mryattn‘butemamemory

-2, The method of claim 1, furthercompnmgthestep of generating a long term
history data field representing at least average levels of access for the partwular file fora
long term period preceding the first predetermined number of days of the near term history,

wherein said step of combining further comprises combining the file access history
date data field, the current access history data field, the near term history data field, and the
long term history data field into a file access history attribute.

3. The method of claim 2, further comprising the step of generating a quarterly
history data field representing levels of access for the particular file for a second
predetermmedmxmberofdaysprecedmgtheﬁrstpredetemnnednumberofdaysofthenear
termh:storybutaﬁerﬁielongtermpmodofthelongtemh:story,

wheremsudstepofcombmmgﬂmhercompnsesoombmgtheﬁleaccessmtory
datedataﬁeld,thewnmaccesshlstoryduaﬁeld,ﬂwneartemmaorydataﬁeld and the
long term history data field i into a file access history attribute.

4. The method of claim 1, wherein said step of generating a file access history date
data field comprises the steps of:
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mdmgamemmmw'mMoWMumabsomdmdmﬁem stored in a -
memory, '

readmgacurremdateabsolutedatedataﬁeldstoredmamemory

caladaungadnﬁ'erencebetwemthecumntdatamdtheﬁlemmtmehstory

start date, and

stonngthednﬁ'erenceasardaﬂveﬁleawesshstotydateupononeofwhlchaﬁle
accesshlstoryandaﬁleaccessfortheparhcuhrﬁlehasocmrred

K1 Thzmethodofclums whmsaidstepofgenersunganeartermhwtorydm
ﬁeldoompnsesthestepsof
| retnmngapmwouslystomdﬁleaccessh:sto:ydatedmﬁeldmpresenungaﬁle
aocesshlstoryMupononeofwhmhaﬁleaccesshmt_orymdaﬁle_mforthe
particular file had occurred,
retnevmgammtdateabsolutedatedataﬁeldstoredmamemory
retnmngaprewouslystondmmaccesshswrydmﬁddrepresenungalevelof
access forthe parucular ﬁle onthe prevnously storedﬁleaceesshlstory date,

' remmaprewously stored near term history data ﬁeldrepresentmglevels of
aocessforthepuuwhrﬁlefortheﬁrstpredetemnnedmmberofdayspmedmgthe
previous file access !nstory date and _ .

genuatmg,ﬂomtheprewoualystoredcummacmsh:stowdataﬁeldandthe
previously stored near term history data field, a near term history data field representing
levels of access for the file for the first predetermined number of days preceding the current
date.

6. Themethodofclums wheremsudstepofgenermngalongtermhlstorydata
ﬁeldcompnsesthestepsof
~ retrieving a previously stored ﬁlemhlstory datedataﬁeld representmgaﬁle
access history date upon one of which a file access h:storymdaﬁleaccessforthe

parucularﬁlehadocmrred,
retnevmgacumdateabsolutedatedaaﬁeldstoredmamemory,

retrieving a previously stored current access history data field representing & level of
access for the particular file on the previously stored file access history date,
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retrieving a'previously stored near term history data field representing levels of-
access for the particular file for a first predetermined number of days preceding the
previously stored file access history date, |

retrieving a previously stored long term history data field representing levels of
access for the particular file for the long term period preceding the previously stored near
term history, and |

. generating, from the previously stored current access history data field, the

previously stored near term history data field, and the previously stored long term history, a
long term history data field representing levels of access for the particular file for the
second predetermined number of days preceding the first predetermined number of days
pfmding the current date.

7. The method of claim 5, wherein said step of generating a quarterly history data
field comprises the steps of.

retrieving a previously stored file access history date data field representing a file
access history date upon one of which a file access histofy and a file access for the
particular file had occurred, | |

retrieving a current date absolute date data field stored in a memory,

retrieving a previously stored current access history data field representing a level of
msmrmmmmmmpwﬁwayummemhimrym

retrieving a previously stored near term history data field representing levels of
accessfortheparnqﬂarﬁle for a first predetermined number of days preoedmgthe
previously stored file access history date,

retrieving a previously stored quarterly history data field representing levels of
access for the particular file for the second predetermined number of days preceding the
first predetermined number of days of the previously stored near term history but after the
long term period of the previously stored long term history, and

generating, from the previously stored current access history data ﬁeld, the
previously stored near term history data field, and the previously stored quarterly history, a
quarterly history data field representing levels of access for the particular file for the second
predetermined number of days preceding the first predetermined number of days preceding
the current date. | |
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8. The method ofclmm 7, wherein said step of generating a long term history-data.
field comprises the steps of:
remwngaprewouslystoredﬁleaceesshutorydatedmﬁeldmpmennngaﬁle

" access history date upon one of which a file access history and a file access for the

particular file had occurred, |

retrieving a current date absolute date data field stored in & memory,

retrieving a previously stored current access history data field representing a levei of
access for the particular file on the prevxously stored file access history date,
' mmmngaprewouslystoredneartermhrstorydmﬁe!drepmnnglevelsof
accessforthepartmﬂarﬁleforaﬁrstpredetermmednumberofdaysprewdmgthe
previously stored file access history date,

retrieving a previously stored quarterly history data field representing levels of
access for the particular file for the second predetermined mumber of days preceding the
first predetermined number of days of the previously stored near term history but after the
long term period of the previously stored long term lnstory, _

retnevmg a previously stored long term history data field representing levels of
access for the particular file for the long term period preceding the first predetermined
number of diys of the previously stored near term history and -preceding the second
predetermined number of days of the previously stored quarterly history, and -

generating, from the previously stored current access history data field, the
previously stored near term hmory data field, the previously stored quarterly history, and
the prewouslystoredlongtermhnstory, alongtezmhxstorydataﬁeldrepresmhngart Jeast
average levels of access for the particular file foralongtermpenodpreeedmgﬂxeﬁrst
predetermined number of days and the second predetermined number of days preceding the
current date.

9. The method of claim 8, wherem smd stepofgenerahngalongtermlnstorydata
field further compnses the step of:

generatmg, from the previously stored current access hrstory data field, the
previously stored near term history data field, the previously stored quarterly history, and
the previously stored long term history,  long term history data field further representing a
level of access and continuous length of which level of access for the particular file for a
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* period ending on the day preceding the first predetermined number of days and the second .
predetermined number of days preceding the current date.

10. The method of claim 9, wherein the first predetermined number of days
comprises nine days, and the near term history data field comprises nine pairs of bits of
data, each pair of bits within the nine pairs of bits representing a level of access of one of
‘nine days preceding the file access history date.

11. The method of claim 10, wherein the second predetermined number of days
comprises 80 days, and the quarterly history data field comprises eight groups of five bits of
data, each five bits of data representing levels of access for the particular file for a ten day
period during the 80 days preceding the first predetermined number of days of the near
term history but after the long term period of the long term history. '

12. The method of claim 11, wherein the long term history data field comprises
cighteen bits of data, said eighteen bits of data comprising: |

four bits of data representing an average length of contiguous periods of inactivity
within the long term period,

four bits of data representing an average length of contiguous periods of activity
within the long term period, | |

five bits representing the total number of periods sampled in the long term period,

four bits representing the length of the period ending on the day preceding the first

' predetermined number of days and the second predetermined number of days preceding the

current date, and

one bit representing the level of activity during the period ending on the day
preceding the first predetermined number of days and the second predetermined number of
days preceding the current date.

13. A series of operational steps to be performed as a background computer job for
updating a file history attribute, comprising the steps of: '

generating a file maintenance history start date absolute date data field representing
a start date of the background computer job,
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storing a file maintenance history start date absolute date data field in a memory,
accessing, in a sequence, & number of files stored in a memory of a computer, said
accessing sequence compnsmgthe stepsof
' Mewngaﬁlehnstoryatmbutehudu'mdmimgarelahveﬁlemess :
historydateandaﬁleaccesshtstory,ﬁ'ognaﬁ_!e,
| reading the file maintenance history start date absolute date data field from
the memory, | '
reudingamen_tdateabsolutedgteda_ta_ﬁeldstored.inaory,
calculating a difference between the current data and the file maintenance
history start date, _ | _
stonngthedlﬁ‘erencemmeﬁleheaderasanewrelmveﬁleaccesslustory
date, o .
recalmﬂaﬁngtheﬁlemesshistoryrelaﬁvetothementdatetopmducean
updated file access history, and
storing the recalculated ﬁiehcce_sshistoryinthe file header.

14. A computer-readable memory for dxrectmg a computer to generate a file access

history when used by the computer, said computer—readable memory comprising:

a first instruction portion for generating a file access history date data field
representing a file access history date upon oneofwhibh a file access history and a file
access for a particular file has occurred; | -

 second instruction portion for generating a current access history data field
representing a level of access for the particular file on the file access history date;

a third instruction portion for generating a near term history data field representing

levels of access for the particular file for a first predetermined number of days preceding the

file access history date; -

a fourth instruction portion for combining the ﬁle access hxstory date data field, the
current access history data field, and the near term history data field into a file access
history attribute; and '

a fifth instruction portion for storing the file access history attribute in 2 memory.

15. The computer-readable memory of claim 14, further comprising:
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a sixth instruction portion for generating a long term history data field representmg
at least average levels of access for the particular' file for a long term period preceding the
first predetermined number of days of the near term history; '

wherein said fourth instruction portion for combining further comprises instructions
for combining the file access history date data field, the current access history data field, the
near term history data field, and the long term history data field into a file access history
attribute.

16." The computer-readable memory of claim 15, further comprising:

a seventh instruction portion for generating a quarterly history data field
representing levels of access for the particular file for a second predetermined number of '
days preceding the first predetermined number of days of the near term history but after the
long term period of the long term history,

wherein said fourth instruction portion for combining further comprises instructions
for combining the file access history date data field, the current access history data field, the
near term history data field, and the long term history data field into a file access history
attribute.

17. The computer-readsble memory of claim 14, wherein ssid first instruction
portion for generating a file access history date data field comprises:

an sixth instruction portion for reading a file maintenance hlstory start date absolute
date data field stored in a memory;

a seventh instruction portion for reading a current date absolute date data field
stored in a memory;

| amnthmstmcnonpomonforcalwlatmgadnﬁ‘erencebetweenthecunem data and

the file maintenance history start date; and

a tenth instruction portion for storing the difference as a relative file access history
date upon one of which a file access history and a file access for the particular file has
occurred.

18. The computer-readable memory of claim 16, wherein said third instruction
portion for generating a near term history data field comprises:
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an etghth mstructxon pomon for remwmg a prevxously stored file access history
date data field represmtmg a file access history date upon one of which a file access history
andaﬁleaccessfortheparhcularﬁlehadocwrred _ _

amnthmstrucuonporhonforretnmngamnrentdateabsolutedatedataﬁeld

'storedmamemoxy,

atenthmsmchonpomonfornuwvmgaprmouslystomdcunmwinstory
data field representing a level of access for the particular file on the previously stored file
access history date; .

an eleventh i instruction portton for retrieving apreuously stored near term history
dataﬁeldrepresentmglevelsofaccess for the particular file for the first predetermined
numberofdaysprecedmgtheprmousﬁleaccesshmtorydate and . N

a twelfth instruction portion for generating, from the prevmusly stored current
accesshxstorydmﬁeldandthepremouslymrednearmmhnmrydmﬁeld, a near term
MstorydmﬁddrepresenMghvdsofmcmfortheﬂefortheﬁrapredaummedmmbu
ofdaysprecedmgthecurrentdate ' '

19. The computer-readable memory of claim 18, wherein said sixth instruction
portion for generating a long term history data field comprises:

a thirteenth instruction portion for retrieving a previously stored file access history
date data field representlng a file access h:story date upon one of which a file access history
and a file access for the particular file had occurred; . : -

anfouneenthmuucuonpomonforremWawrrentdateabsoMe date data
ﬂeld stored in a memory, .

aﬁﬁmhmmmnMMmmmngapmmdymM current access
history data field representing a level of access for the particular file ontheprev:ously
stored file access history date; _

a sixteenth i msttucnon port:on for retrieving a prewously stored near term history
data field representing levels of access for the particular file for a first predetermined
number of days preceding the previously stored file access history date;

a seventeenth instruction portion for retnevmg a previously stored long term htstory
data field representing levels of access for the pamr.ular file for the long term penod

precedmgtheprevnouslystoredneartermhmtory,and
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an eighteenthi inlstruction portion for generating, from the previously stored current .
access history data field, the previously stored near term history data field, and the
previously stored long term history, a long term history data field representing levels of
access for the particular file for the second predetermined number of days preceding the
first predetermined number of days preceding the current date.

20. The computer-readable memory of claim 18, wherein said seventh instruction
portion for generating a quarterly history data field comprises:

a thirteenth instruction portion for retrieving a previously stored file access history
date data field representing a file access history date upon one of which a file access history
and a file access for the particular file had occurred, o

a fourteenth instruction portion for retrieving a current date absolute date data field
storedina meﬁbry, ' _ _

a fifteenth instruction portion for retrieving a previously stored current access
history data field representing a level of access for the particular file on the previously
stored file access history date; _

a sixteenth instruction portion for retrieving 2 previously stored near term history
data field representing levels of access for the particular file for a first predetermined
pumber of days preceding the previously stored file access history date;

a seventeenth instruction portion for retnevmg a previously.stored qﬁarterly history
data field representing levels of access for the particular file for the second predetermined
number of days preceding the first predetermined number of days of the previously stored

 near term history but after the long term period of the previously stored long term history;

and
" an cighteenth instruction portion for generating, from the previously stored current

access history data field, the previously stored near term history data field, and the

previously stored quarterly history, a quarterly history data field representing levels of
access for the particular file for the second predetermined number of days preceding the
first predetermined number of days preceding the current date.

21. The computer-readable memory of claim 20, wherein said sixth instruction
portion for generating a long term history data field comprises:
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2 nineteenth instruction portion for retrieving 8 previously stored file access history

 date data field representing a file access history date upon one of which a file access history

mdaﬂemsforthepﬂwhrﬁlehad occurred;

a twen'aeth instruction pomon for retnewng a current date absolute date data field
stored in a memory;

atwenty-ﬁrst mstrucnonporuonforretnevmgaprevnomlystoredcurrentaccess
history data field representing a level of access for the parncular file on the previously

stored file access history date;
 atwenty-second mstrucnonpomonfor retnevmgaprevxouslystorednearterm
history data field representing levels of access for the particular file for a first
predetemnned number of days preceding the previously stored file access hzstory date;

a twenty-thnrd instruction portion for retrieving & previously stored quarterly history
data field represenhnglevels of access fortheparucularﬁleforthe second predetermined
number ofdayspreoedmgtheﬁrstpredetexmmednumberofdays of the previously stored
near term history but after the long term period of the previously stored long term history;

a twenty-fourth instruction portion for retnevmg a previously stored long term
history data field representing levels of access for the pmﬂcular file for the long term period
preceding the first predetermined number of days of'the prev:ously stored near term history
and preceding the second predetermmed number of days of the pmv:ously stored quarterly

| lustory; and

2 twenty-ﬂﬁh instruction portion for generatmg, from the prevnously stored current
access hlstory data ﬁeld, the previously stored near term history data field, the previously
stored quanerly hlstory, and the previously stored long term history, a long term history
data field representmg at least average levels of access for the particular file for a long term

'penod preceding the first predetermmed number ofdays and the second predetermined

numberofdaysprecedmgthecumntdate

22. Thecomputer readablememory ofclann21 wheremsaxdsn:thmtrucuon
pornonforgenemhngalongtermtnsto:ydataﬁeldﬁmheroompnses
a twenty-sixth instruction portion for generanng, from the prekusly stored current

" access history data field, the prevxously stored near term history data ﬁeld, the previously
" stored quarterly history, and the previously stored long term history, a long term history
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data field further representing a level of access and continuous length of which level of
access for the particular file for a period ending on the day preceding the first
predetermined number of days and the second predetermined number of days preceding the
current date.

23. The computer-readable memory of claim 22, wherein the first predetermined
number of days comprises nine days, and the near term history data field comprises nine
pairs of bits of data, each pair of bits within the nine pairs of bits representing a level of
access of one of nine days preceding the file access history date.

24. The computer-readable memory of claim 23, wherein the second predetermined
number of days comprises 80 days, and the quarterly history data field comprises eight
groups of five bits of data, each five bits of data representing levels of access for the
particular file for ten day period during the 80 days preceding the first predetermined
number of days of the near term history but after the long term period of the long term
history.

25. The computer-readable memory of claim 24, wherein the long term history data
field comprises eighteen bits of data, said eighteen bits of data comprising:

four bits ofdatarepresentmganaveragelengthofconﬁguousmnodsofmctmty
within the long term period,

four bits of data representing an average length of contiguous periods of activity
within the long term period, |

five bits representing the total number of periods sampled in the long term period,

four bits representing the length of the period ending on the day preceding the first
predetermined number of days and the second predetermined number of days preceding the
current date, and | S |

one bit representing the level of activity during the period ending on the day
preceding the first predetmmned number of days and the second predetermined number of
days preceding the current date '
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26. Amethodfo;encodingareoordaccess!ﬁstorycompﬁsingtbestepsqﬁ -
generaﬁhgirecordacoesshismry#atgdm,ﬁddmpresenﬁnga-recordaccess
history date upon one of which a record access history and a record access for a particular

record has occurred, '
genmnngacurre!nmshlstorydataﬁeldrepresermugalevelofaoeessforthe
puuc\ﬂarrecordonthereoordacoesshxstorydate, .
generatmg a near term history data field represenung levels ofaccess for the
particular record for a first predetermined number of days preceding the record access
history date, - |
combining the record access history date data field, the current access history data
field, and the near term history data field into a record access history attribute, and
storing the record access history attribute in a memory.

27. The method of claim 26, further comprising the step of generating & long term
history data field representirig at least average levels of access for the particular record for a
long term period preceding the first predetermined number of days of the near term history,

whereln said step of combmmg further comprises combining the record access
history date data field, the current access history data field, the near term history data field,
andthelongtermhlstorydataﬁeldmtoarecordamhlstoryatmbut_e

28. The method of claim 27, fusther comprising the step of generating a quartesly
history data field representing levels of access for the particular record fora second
predetermined number of days preceding the first predetennmednumberofdays of the near
term history but after the long term period ofthelongtermlustory

wherein said step ofeomblmngﬁ:rtha'eompnm combining the record access
history date data field, the current access history data field, the near term history data fieid,
and the long term h:story data field into a record access history attribute.

29. The method of ciaim 26, wherein said step of generating a record access histoi'y
date data field comprises the steps of:
reading a record maintenance history start date absolute date data ﬁeld storedina

memory,
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reading a cutfént date absolute date data field stbfédinamemory, i

calculating a difference between the current data and the record maintenance history
start date, and |

storing the difference as a relative record access history date upon one of which a
record access history and a record access for the particular record has occurred.

30. The method of claim 28, wherein said step of generating a near term history
data field comprises the steps of:

retrieving a previously stored record access history date data field representing a
record access history date upon one of which a record access history and a record access
for the particular record had occurred, |

retrieving a current date absolute date data field stored in a memory,

retrieving a previously stored current access history data field representing a level of
acoess for the particular record on the previously stored record access history date,

retrieving a previously stored near term history data field representing levels of
access for the particular record for the first predetermined number of days preceding the
previous record access history date, and _ |

generating, from the previously stored current access history data field and the
previously stored near term history data field, a near term history data field representing
levels of access for the record for the first predetermined number of days preceding the
current date.

31. The method of claim 30; wherein said step of generating a long term history
data field comprises the steps of

retrieving a previously stored record access history date data field representing a
record access history date upon one of which a record access history and a record access
for the particular record had occurred,

retrieving a current date absolute date data field stored in a memory,

retrieving a previously stored current access history data field representing a fevel of
access for the particular record on the previously stored record access history date,
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retrieving a previously stored near term history data field representing levels of:
access for the particular record for a first predetermined number of days preceding the
prevmusly stored record access history date, .

retnevmgapreuouslystoredlongtemhistorydmﬁeldnpmmﬁnglevelsof
messformepmﬁunummforﬂulongmpeﬁodmiﬁgmemwﬂym
near tetm history, and .

generating, from the prevxously stored current access history data field, the
previously stored near term history data field, and the previously stored long term history, a
long term history data field representing levels of access for the particular record for the
second predetermined number of days preceding the first predetermined number of days
preceding the current date.

32. Themethodofclann30 wheranwdstepofgeneumgaqumulyhxstory

data field comprises the steps of:

retrieving a previously stored record acoesshxstorydatedataﬁeldrepresenunga
record access history date upon one of which a record access history and a record access
for the particular record had occurred,

retrieving a current date absolute date data field stored in a memory,

retrieving a previously stored current access history data field representing a level of
access for the particular record on the previously stored record acoess history date,

renievingapreviouslystoredneartmhistorydataﬁeldrepnsenﬁnglevds of
acousforthepﬂculumwrdforaﬁrstpredetmnedmmberofdayspreoedmgﬂle
previously stored record access history date, : :

retrieving a previously stored quarterly history data field representing levels of
access for the particular record for the second predetermined number of days preceding the
first predetermined number of days of the previously stored near term history but after the
long term period of the previously stored long term history, and

generating, from the previously stared current access history data field, the
previously stored near term history data field, and the previously stored quarteriy history, a
quarterly history data field representing levels of access for the particular record for the
second predetermined number of days preceding the first predetermined number of days
preceding the current date. |

-41-



| AN A

10

15

20

25

30

WO 97/04393 3 . PCT/US96/11801

33. The methid of claim 32, wherein said step of generating a long term history
data field comprises the steps of:

retrieving a previously stored record access history date data field representing a
record access history date upon one of which a record access'historyand a record access
for the particular record had occurred, |

retrieving a current date absolute date data field stored in a memory,

retrieving a previously stored current access istory data field representing 8 level of
access for the particular record on the previously stored record access history date,

retrieving a previously storednurtmhistorydataﬁeld representing levels of
access for the particular record for a first predetermined number of days preceding the
previously stored record access history date, |

retrieving a previously stored quarterly history data field representing levels of
musformeparﬁaﬂumordfotthemondmedaunﬁmdnumberofdayspmedingthe
first predetermined number of days of the previously stored near term history but after the
long term period of the previously stored long term history, '

retrieving a previously stored long term history data field representing levels of
access for the particular record for the long term period preceding the first predetermined
mumber of days of the previously stored near term history and preceding the second
predetermined number of days of the previously stored quarterly history, and

generating, from the previously stored current access history data field, the
previously stored near term history data field, the previously stored quarterly history, and
the previously stored fong term history, a long term history data field representing at least
average levels of access for the particular record for a long term period preceding the first
predetermined number of days and the second predetermined number of days preceding the
current date.

34. The method of claim 33, wherein said step of genérating a long term history
data field further comprises the step of '

generating, from the previously stored current access history data field, the
previously stored near term history data field, the previously stored quarterly history, and
the previously stored long term history, a long term history data field further representing a
level of access and continuous length of which level of access for the particular record for a
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period ending on the day preceding the first predstermined number of days and the second
predetermined number of days preceding the current date.

35. The method of claim 34, wherein the first predetermined number of days
comprises nine days, and the near term history data field comprises nine pairs of bits of
data, uchpai_rofbitswithintl_ieninepairsofbitsrepresentingalevelofaccessofoneof
nine days preceding the record access history date.

36. The method of claim 35, wherein the second predetermined number of days
comprises 80 days, and the quarterly history data field comprises eight groups of five bits of
data, each five bits of data representing levels of access for the particular record for ten day
pmoddumg&c%dayspme&ngthehpmdetmnedmmherofdaysofthenw
termhlsmrybutaﬁerthelongtempemdofthelongtermhstory

37. The method of claim 36, wherein the long term history. data field comprises

_eighteen bits of data, said eighteen bits of data comprising: -

four bits of data representing an average length of contiguous periods of inactivity
within the long term period,

four bits ofdatuepresenung an average length of contiguous periods of activity
within the long term period, _ ,

ﬁveb:tsrepreelmngthetotalmmberofpenods sampled in the long term period,

fombltsrepresennngthelengﬂx of the period ending on the day preceding the first
predetermined number of days and the second predetermined number of days preceding the

currentdate,and

onebxtreptesentlngthelevelofacuwtydunngthepmodendmgontheday
preceding the first predetermined number of days and the second predetermined number of
daysprecedingthewtrentdate.

38. The method of claim 26, wherein the r_ecord comprises a message.
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