WD 97/ 04393

PCT/ US96/ 11801 5 The present invention rel ates
generally to digital conputer systenms and nore specifically to a
system for managi ng di sk space in a digital conputer system 10

In personal computer (PC) networks, nmuch effort may be required by a user
to ma S‘IIWSﬁk space, both- V\Athl n the PC and on the g}eﬁ. r t he
pur poses oft application, the term "personal conpute é I nt ended -
to include deskt op Pg a

2|8l r.E)m"E@ﬁ&%ﬁ.@@g&ﬁortabIe
- ST nf op -

conput ers, so-call ed™

conputers, and the | iHEE AG ; PPORTA N2 YIDE CACHING' vers,
users may need to nanage di sk space on file servers 1n addition to
managi ng di sk space on peABBASSIARLEAND DESKIORCOMBITERS syst ens
may not retain enough information concerning file access and storage on

| ocal PCs to allow for file management of both | ocal and networ k
drives in @ne step. IONr may conprise one or

nore conputers havi | ar ge anoun 20 | ae rrade avajl abl e for
usé by ot her corrpu%?ﬂ féé?’l@e"ﬁg@k s‘iﬂ'@f&g’ WO®rver may
be accessed bypeificslly tb@lsi }'orw{:@dx& &n%ﬁ f| | e server
di sk was a | ocal phy5| cal disk of a client corrpu%mr I'e “managenent

sof tware may be provi ded to automatically nmanage | ocal disk space on a
PC. Such fil e managenent Wn user the nount
points for the local hard dis er s [ﬁﬁ@ﬁﬁﬁgﬁagemnt sof twar e
may aut onelli cal |y k@mﬂmmm@mmmmmekmmmmewmmd I

be stored on Iocal sk. n e to deci,de which
i1 s wi 11 cGROegFaRfos ot ekl i 48 BROSWON. For fle uporpaf tisss. el

as which fil eap;ﬂ.‘e&wn,dmb ferfCy&rdorlaP cdnifiiffer Ofs inktbeiid Yo HElade deskifp PCE,OT ar chi ve)
or deleted al toget her. Such™file managenent prograns nay serve to cache

files froma leptop; natebogkand portable-dompaters-so-calledpetsonel digitskassistames
wor kst ati ons, Fnr;l?lg) Wﬂ&?ﬂpﬂm anPihellikd 1 | € caching routines may be

relatively si
15 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
, systemsmaynotretmnenoughmfonnnuonconcelmngﬁleaccessandstorageonlocalPCs
to allow for file management of both local and network drives in one step.
Anetworkﬁleservermaycompnseoneormmecomputershavmglnrgeamounts '
20 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
25 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
30 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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PCT/ US96/ 11801 However, for |aptop, notebook, palntop and

gortabl e conputers, PDIs and the like - (collectively, "portable
onputers) file caching routines nay be nore conplex, as a portabl e

~conputer may be disconnected froma network on occasion. In order to 1
det er mi ne aut MOAWeIIB| y what-“i nf or mati on shoul d be kept on a"‘ﬁ"dﬁ’%}’@
conputer, prior art 5 techniques for disk cachi.ng may be extended.

If a disk on a |ocal Howewdrdor laptop, revwbdok palosopandpottable kempusers BDIs andithe likee

Compr1 e a cache EoleavR RO ORRRED e FEPRF FLpaus e it plbgif, S0P TPV

nost wi dely knowposilfle conspute aifay be disconnéctead forma netyricon occesion. dgioedsr tos cal | ed

2coess. of each cHENERES RIOBHEAY.MHE ierason HOu b A ongfPaRe OB Borse
file header on t%ﬂg@%&gmmﬂ ﬁ%ﬂ'éﬂ&pl | and whenever a new file is
needed in the cache, a file ch -has not been used for the |ongest
time may be rempved fHarditkon adocaheomputer is viewedas being "¢ashe"-of filss on thenetwork
There is a well-known problemw.th the Lea ecently Use e

repl acenent 15 gwmwcmi@bgﬁt@&&ﬁﬂﬂémﬁ%&e%mer of

files on afile W%mlowmtbﬁéofﬁaﬁwmﬁmﬂwmm be
brought into the cache, causing another file to_be r enoved fﬁ)
'@“ﬁﬁ“f

t he
cache. Once a us&achemanagementsrategics isiclledithe, TLeast Recently Used”) qrg‘%qndof
| ocal disk, then f Q?ceisi L0 3 'afﬁm. (}Bﬁinéd?fdrﬁ&ll gmdmge
of files by the a@feépﬁ&h&prl orth%Jht Ee%‘u‘?&héﬂ e ggjaém nati'on_ op)éra'g ion. |If
a user powers of ffldimageyonale diskc Onoe thercacheds il andiwbensveramew file ismeeded in the
networ k, then the portable, uter nmay, RO nt al f
files in the Ioc&?%a’cﬁ&%%@ﬁﬂ%@”&%ﬁﬁ rdheammr%m%ﬁ e cache
intelligently cagdeaké toom fofa fewfilel abl e conmputer hard di sk, a history of
file access may be required. Such.a file acce hi r al | ow

caching algorithmto m’ﬂ!ﬂ'ﬁﬁ“ﬁ@'@@ﬂﬁm&g‘%é@%{ 3
over 10ng perjsdSigafisinl ' a Lbd? Bhdidds 85 exififid s g8 nfibdrof Hids 3 & SRevirver, OASafier
A cC I ng ar

consi stently. gorithmmay then retain files which are used
~consistently, moth«,uchofhopﬁﬂm:ebeh!wmmwmmwaﬁ‘ﬁ@&%bq S

Lhat 2 COMBLeLe ISt h by G55 hop oy bl At il G o 1t o

. the use of | ar ge locshdisls tien nonewgfithe filet remiinirigds thewache reflect the psage ofesdhyshe user

history of il e Dot tae hiil e cxppinkqR apfation i Yodrponels ting finubletoilherand

20  disconnects from the network, then the portable computer may not contain a useful set of
files in the local cache for the portable computer.

To moreintelliguﬁlyuclieﬁlesinaportablecomput_erhuddisk, a history of file
access may be required. Such a file access history may allow a caching algorithm to
distinguish files which are used consistently over long periods of time from files which are

25  being accessed less consistently. A caching algorithm may then retain files which are used
consistently. _

A potential difficulty with this approach is that a complete history of file access
could quiékly become a large amount of information. Prior art file storage formats may not
permit the use of large, variable length data fields for storing file access information. Thus,

30 arequirement exists for a technique for storing a history of file access in a small, fixed,
number of data bytes. |

~
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PCT/ US96/ 11801 One file systemto incorporate file cachi'ng
onto a local disk is the Andrew File System created at Carnegie
Mel l on University, now sold and devel oped by Transarc Cor por ati on of

- Pittsburgh, PA. The Andrew system has proven nany of the basic

advant ages : yng files onto a local disk on client ation The
Andr ew syst@?r)rﬁ %ses a Least Recently Used cache repl a%ﬁ'{s“(ﬂ gndrlthm
The Andrew Fil e W@nggie\m however ass mes:that client workstations are
connect-ed to a fil ana local disk:ig the Andgew Biles does

not readily s twﬁalﬁwmﬂoﬂm it Xg@w insdrd € System
oaI cac e eve

all ows for realngafllevvh|ch|5|nth it can

not feach the Garpasation.of RittsburghRA: o ﬁﬂdrﬂbmhasmm;eoﬁthmcwa em

wll not 10 th file
sefver on whi ?h%wmﬂ“t&r)@sp df#foggﬁ#t% ﬁ"m?s!#tgg

beli eved t & rmexﬁuﬂhoéml&ﬁseémhmphcemtdg&m&npmmme Syst@gnput er
may not be able to wite ﬁﬁt |ﬁ z | es when di.sconnected from the network.

Such a i ni t attPHAVeRAssuRes ng apeconnactedite p fileperyes & aetverk at ail
conput er. es’mdﬂmshﬁél’n‘ét 55-0 tg,amay w sh to take
advantage of a file server. C users 15  may reg& file serves as a place

to copy local fil egheAMImﬁleSmﬂldmlfwuﬁnsuﬂPGMystzelodmemdssed

when stored o fi or gt her users

to acces?,'s&slu Ies 2ven &#@ﬂ’%%ﬁ ﬁ%%’e"‘@iﬁ@‘é‘iﬂrﬁ

tcEmmnol xcmPYanmmungtotgeogleagm wur?msmlersavurbﬁtvha&hbmefcoryr ng
em onma es aifly easy to copy iles

onto a file s&eeifss ‘hfag( W“Y‘b@%ﬁ% Scfile gerves. 8 userof apaggble o

readily acceswrnm%@t&mem@moh &am%%m BRokkaLP Tiles

may mmc the structure of fil es on a porta IS use of
XCOPY al | ows @WWMP on g pottshle ¢ammiteser ver in a

limted manner. E@A@&fﬁ% e a
user to manhage |ocaf°’%n §E space on a §mp§§r aﬁwﬁu‘g&l %

i ntensi ve ltSasmrmtdrﬁeserm:semlwm myflodakﬂlgs dnmmyemyﬁleaﬁamtﬂ’(zﬁaybe
reorgani ze fil ot h f| | & server. on M ut er

user may safeféapwm ﬁ? éf‘t%i’gm«fg s€“ff’| e rray
still reside mﬁwdﬂb&mmﬁundonﬂﬂm mlmsiecsmﬁnﬁdtxmwm:ete a
file, a user glﬁjéwh‘ﬁfletet efl nboththeflle server” '~ and the

portabl e conp pu Rying them.; | o fromthe file server
when trying tmdxdopvdamwmmw@owﬁﬁ | BtcSL Al Server@Bh Y O

have. the file re-appear when it is copied 30" fromthe portable conputer
back ont o 20he backpp peeess in such awaythattbeymmm Wmm@ﬁputer

file systens g&‘,&omg{g qmmg rToTelIEy oned
probl ens. I\/bst orta ex% lrjmg il e systens ﬁao no‘t ‘even re al nrﬁﬁtdsg

COPYaﬂowsapomblecomputertoberelatedtomﬁleuwermahmltedmmer
However, mchasoluhonmaysnllreqmreausertomanagelocaldnskspaceona
portable computer, 2 labor intensive task. Inordertoreorgamzeﬁles,ausermayhaveto
25 reorgmuzeﬁlesonboththeﬂlemermdonthepomblecomputer Ausermaysafely
deletcaﬁleﬁ’omapomblecomputerastheﬁlemaysﬁﬂmdeontheﬁleserver :
However, mordertotrulydeleteaﬁle,ausermustddetetheﬁleonbothﬁwﬁleserver
and the portable computer. Itmaybeeasytodeleteaﬁleﬁ'omtheﬁleserverwhenn'ymg
to reduce disk utilization on the file server, onlytohavetheﬁlere—appearwhmmscopled
. 30 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
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PCT/ US96/ 11801 date and tine a file was | ast accessed, neking it
nearly inpossible to inplenment even a Least Recently Used repl acenent
al gorithm Anot her prior art programcreated for portable
conputers, called Infinite Disk creates a file attribute indicating

the date and wwowv3®si | e was | ast accessed. The file 5 attri BGIES9AI8%e
used to inplenment a Least Recently Used di sk managenent algorithm
Infinite Di sk nagatemtdrime a fileiwas laitdocessed, niaking itineariy:impossible toimplement epia abl e

conmputer in order t r a Lfied quantity of enpty disk
space whi ch nay BMQ@%@M&%&% files, - The
Ilgfi Ei te _IQihsk programmy?@?m@-ﬁmed?y?ommt&gnﬂhéiﬁﬂﬁe%kgti Eg
10 them e program may cQ iles ontg a e server or-to Q is
and keep tracE ogreatesa H@%&M@%ﬁ@?gﬂ’@m! WWMt@°Waccess
a file which goe i?‘?’? |h{ﬁfeﬁ] f%stl!ecentl nda htgoBfHAgr am
mayinformth§ u?gﬁ“ﬁvﬁﬁ opg’y ofﬁ‘sjder I nto f‘?ﬁgﬁg 'S Sakgdri_vein
order to copy t hinfinité Diskamy aotohmticall deletetfildswhen o ugenrebootsaifiostable comper in
ThTinite Di ok pr GBleEM GTEee fPRRDeEbE uany of Shist i pep Buich il BFnigha oladfe | |
connected to thegidlgReserver, but will not copy the file onto the
| ocal disk of the user's PC. _, : The Infinite Disk,program, .
provi des some | i ni tedmmemeGMIMgwgw Tﬂﬁ'ﬂ@ver,
hard di sks o esaﬂn?u' 's@ﬁr?leor o Rk ef
much sense tgﬂw%}%ﬁ%%ﬁéren glﬁlzee owitﬁgalg%w I'S \;!\ne%plk;gfall oppy
~ disks. Rather, 2@helotationsofdilespifta mernttemipts tb atdeys afile which doesnot eeside on
- disk on a portable ¢ n&t@ﬁg | f a | acal t}géd%‘ﬁ;gggmaj%dﬁough
- for a user's reqﬁ‘?‘rlﬂ.ﬁ'ﬂ , ?'HWT’YM%‘V l% 0. | all a
| 'arger hard di Skmm%wwmﬁwmsﬂeww. Ifa
fl oppi es. _ In_addition, the Lnfinit i sk program does not _
automatically caM@Smwm’%«a&ﬁmbﬁr@mmww&
it does not have r firefied ASIBE Fleqkiver, B will nbi oy Wielfile onto the
8l St S BPHIE B uact 5 b wy

irrel evant f T Ing at files when connected to a network as
“Wwith t he LdawtdleéKQW%d al gorithm under the Andrew File System

vant 1o have on & por A5 HEAE Bk Bfghct iblile foid ot ssingso peeIbleBhfter
~of the portabl e aserpHoweviryhré disksn most pomibidcomputersare sailarge that it does ntmpke
comscl ol e Sk el i 8 o b A Y Ay i !
The Infinite 39§ skt Aoy mdie fheeto Rilly utika the éxising birdriskion aiportable bemmutere Ifa lpcal
e ot R A oY Sl e e
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
when a user is on a network. Thus,itdoesnothavetheproblemoftheﬁlecacbebeing
25 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 sgain. This begins to be a significant task which must
30 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
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PCT/ US96/ 11801 adding the Infinite Disk functionality to the system
may threaten the reliability of the file system and the operating
system Figure 3 illustrates dates of access for two files,
FILE 1 and FILE 2 for a previous three nonth period. FILE 1 has been

consistently accessed once or twice a week for the 5 last three nonths. .
FILE 2 has ‘é@é’r’f”‘é"&bradi cal |y accessed twice a nonth  dur PREUSHEISHst

three nonths. For a user.of a portable conputer, it may be nore desirable
to keep FILE mmmmwmmﬁﬂhmmdm&qstem

net wor k caching programusing the Last Recently
Used al gorlthrﬁ ya%deepog%w%im on the local hard drive and archive FILE .
1 on a system net whigire Bhillustimates datesnofatcess for twh filels) FILE Q. Mmﬁrhwed

upon the al no arbitrary, f ast ,dat.e of access.

sunmary, pr eV| t%’ %/ds ﬁﬁﬁﬁdﬁégﬁﬂ mewm?am#cm |y

managi ng I@ahﬁmmmgwm@&%@w :He
requi renents dhres 1) The ‘Least Recently Used algorirthmis
netded in ord momcﬁormmyfnom@lqmwmmpummmnbhmmmmal

di sk ofthe po The Least Recently Used
al gorithm shouf’g%@ﬁ’o@g@gﬁ%ﬁhﬂ?‘%‘"@&%@ aI | of the disk space

on a portable conputer. SUMVARY OF THE
| NVENTI ON 20 o overcone the_limitations of the prior art, the
present invention Hf’m m&quﬂw&eﬂl but e
cont ai ni ngg nm%%lﬁw&ﬂ%m%hﬂ%mq QETAI fa
particular file, Theflle attrlbute may be CO%?II’?Y% )C(?ﬁg ?;P

si ze in order whishfilafe mﬁqﬂmosmbmw@cwpofmm@mm The

pr ovi g6 | LQ”LSX?LUHM PRGBS el AL ot i Bt Bl Rt 0,

encoded into mamgnmuldublpmelivesqﬁsedﬁomtwoemdxmdnqmmct ion wth
t he present invent hi tware nay gej.ect froma
file server couple %M% %?R&E‘WHM@’F&& t he
| ocal hards§ mﬁemp&i«bﬁmm&a%&&&m&meﬁﬂuﬁ WI thin the | ocal hard
drive of the portabl e conmput er

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

allofthedtskspaceonapombleoomputer

20 Toovercomethehmitanonsofthepnoran.thepresemmvennonprowdaa
| techmqueforcruhngaﬁ!eamihneeonuumgmfommonconcmngthedatemd
ﬁ'equencyofuseofaparhclﬂarﬁle Theﬁleattribmuemaybeoonﬁnedtoaﬁxed,hnnted
mmordertoremuncompaﬁblethhmsﬂngoperatmgsystems The file attribute of the
pnsevaenﬂomsweﬁ:ﬂymmadtopmwdethemammumamouMofrelevamdate
- 25 andﬁ'equencyofusedata,encodedmtoammnmmmuntofspace
hcon]uncnonmththepresentmenuon,dukcachmgsoﬁwmmayselectﬁl&s
ﬁ'omaﬁleservercoupledtoaportableeomputerandloadthoseﬁlesmtothelocalhard
' dnveofthepoﬁableoomputa' Fnlesmthmtheloulharddnveofthepombleoomputer
maybedeletedormovedmthzﬁleserverdependmgupontheudaxeoflastuseand
. 30 frequency of use. The ﬁleuchmgsystem may operatemamamertransparent to the end
user. Fileshavmgahlghﬁequencyofusemayberetmedonthelocalharddnve
regardlessofthenrdateoflastuse,asdetmnedbyaﬂlecaclnngalgonthm



may be deleted or noved to the file server depending upon their date of
| ast use and 30 frequency of use. The file caching system may operate in a

nenner transparent to the end user. Files having a hirgh frequency of
use may be retained on the local hard drive, regardl ess of their date
of last use, as determned by a file caching algorithm WO

97/ 04393 WO 97/04393 PCT/US96/11801
PCT/ US96/ 11801 . Thus, when the portable conputer is

di sconnected fromt heﬂms,whsmﬁmqm;tablérenmputuls:ducpunaetedrﬁamtheﬁlersma',th@ -

e The uer miget Ay Snhie 18 ool wit & Cbcrloh of Blef B HREN 1 Y Shoespod by o
whet her the portabbreTheusermymuhﬁiwarsoﬁmeﬁlp&ﬁumrﬂmMMWM@ﬁre\pemhle5

« Figure 1 is a diagrami]lustrati ea a network systemincluding a portable
conput er . computer isjingdepd: illustrating a file

structure. F| gure ZB S a diagramof a file access history
attribute. 10 Figure 3 is a d| agramrllustratrng di fferent access
histories for two different fiBREED I DRAWINGS pt i ons herein
are used as exanpl es Il tratrve Qf th referred enbodi ment of
t he present mventrong.%\ia % Sompier; 5
systems ofthe present pighreIK isQi mﬂahhﬁtﬂcﬁ,esr m | ar manner in other
enbodi nent s wi t hout de artrng fromthe spirit of the invention.

~ Use of disk space on ¥igueaZEisiadiagemof afile aeopssthistory atteute.ecd in two | arge

ool S Files Wi o' nalmi bR i theoming et ey hispoh i 1o it es”

the |l ocal disk, but have not been recently accessed Such files may be
- managed by a Least Recently Usgd, ,
2) Most Consistently . Accessy

network onto the Iocabwa&nmmww&mbkymm;ﬁ% ORE preferred
accessed. These files may be nanaged by an al gorrthm whi ch | ooks™ at the 25

~access history ofembadiment of thepresentanystion; filowevsry it shoyld beynotedithgtthe metheds andpe
I'n order to CaCheulldhdorthdlpreddfit iention Mgy be fphid th aAffifkas RithheP Bt ther dmBOdimerts ©

~ conput er
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
20 ~ 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
25 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.onthepomble_eompmer. Such an access history may comprise a figure of merit
which may be assigned to each file.
30 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

% ated from a



may require that an access history be maintained even for those files which

are not currently stored on the portable conputer. Such an access’ _
hi story may conprise a figure of nerit whi ch may be assigned to each
file. 30 Hi gher scores may be assigned to files which have been
accessed several tinmes each day for a nonth or |longer. Scores wl|

remai n hi gh id.es whi ch have been accessed : '
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PCT/ US96/ 11801 sever ring t | ast vveek Scores for ‘files
that at one tlmmgﬁﬁ\gﬁ%% 9“ e that aypnetime, were, gocessedtheavily
significantly mmgm@aeafd@@mmk?% ﬁa%%ua‘ Hﬁ&ﬁdﬁ%ﬂetﬁﬁ%w
The present invention uses at |easf one pool ‘f&%a mass storage ose

cache repl ac W'WWMMMMMMWSBMMRWM ory of

file access i The
pr esent 1 nvent BACafert lgorinRBARG: Btk tbiinif BRAS) Bront ﬁ%ss#é@«atﬁcess
history fil 8 mbm@lemmmnmge mWﬁvﬁhbniliddisclosesa access
history file attrlgg SVY.St whi us t he pet hods and

app?rat users]_ s M&m gﬁs ﬁftewmﬁ%gff‘% MW?E‘BPE%"W@F
contain a his st .ﬁﬁﬁﬁéﬁm@hﬁ Ug:em&hém gﬁﬁénﬁﬁp

| ast used file attrl t?&jt'e %xcﬁmayus%ﬂ%rb apparat u t he
prtesent i nven';liﬂtSﬁ‘l m@mmwumwmdmmb ?hlstofn@tﬂlﬁt gccesﬁl othef i | e
into a conpac e of great value in
constructing aﬂ'%"wh ﬁ%c I'ng pro “‘FQM%&H@*r etain needed files on a
portabl e ca@put er |Themahodmdmmsdumihmﬁ6nﬁbwdé§mwm¢&fm
greatest challgnge for f.il e cachi rodu cyrs n ,supporting
port abl e corrptﬂ'gg? £ 8 filrdRtoa£o PB‘%%&F@P@?@%WW% t Yﬁ‘ﬁé“

'Figure 1 ill usdonsthitinga ngwﬁusaﬂy%ﬁm&@ﬂ%ﬂbb&m'%

present appar at us and met hod. may operate Distributed system 100 nmay
cts

i ncl ude a pl ur&IMARNET SUPETIOr 10 PRRFAT

Curn my bo. conehay s uppifig pfcid %@r%%??ge LA s 0

whi ch may B® coupled to oneor nore file storage unit(s) 150 (e.g., dISk
drive). Network wor k- erat i stem 115
operating to allow f%“lislglgﬁ%& %ﬁ@?\ﬂﬁw&‘ (g)o gﬂg tile
st orage ser verappdrdfus abifwmethed may opepdte Dhﬂ‘lhutedrsysi;e?ﬁ)IOOﬁﬂjhdumblmﬁdyof

desktop computers 120 coupled through a plurality ofeommuon ports 135 to a computer
network 110whtchmturnmaybecoupledtoaplurahtyofﬁlestorageservets 140 each of

20 wh:chmaybecoupledtooneormoreﬂlestongeumt(s) lSO(eg disk drive). Network
'llOmaymchdeanetworkopamngsystemHSopumngmahwfmshmngofnetwork
tesourcessuchasﬁlestorageservers 140. Whenaportablecomputerwo 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

25 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., selects:zeofharddnve) Theusermaythen
assumethattheautomaucﬁlemhmgsystumswﬁmmmchthnttheusumayonly

30 achieve better results through unacceptable levels of effort. Allﬁlesmayl_:ebackedup
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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storage 131, is connected to network 10 through connection port 135, a user
may becone accustoned to assum ng that imredi ate access is avail able
to all information on all file 25 storage unit(s) 150. - The
power of file caching in distributed system 100 environnent is that a user
may not be aware of the storage managenent techni que. A user my .
need only det YOFME3How nuch [ocal storage 131 to acqui PErpyosd1so

sel ect size of hard drive). .The user may t hen . assune that the

automatic file cachi n@flegnl;ﬂtmﬁge-&buhfgmeughmmmuwfﬂh@lﬂmwwll‘yﬂsﬂ

achi eve better ults th a es
may be backed upﬁ "ﬂ?@gﬁwﬁﬁ %‘ywﬁgﬁye@&&gc}e a%ﬂ e %F‘Jfl | e
sharing under fi Immgamummmaumesmmmmnmrmmﬁvﬂng
system 115

IL | ocal sforagemm#%md%%mmmb%*m@}h@&ied by
t he user, = Mbﬁﬂl@a{oﬁg@%@@g gsosystem may wor k we One

pr obl em however Stonal |y uses a w de range of data
files throughout net whilds which sréuseeded onlyin thelong fefriz ehduld not be storedda local stprige h

the files which u b n | oc storage 131 fro S L ch oul.

remain primaril yigﬂ qu’ M&F‘d‘&@gﬂ?ﬂ’\'@é‘y mmm%&“h &ﬁpﬂ%re

needed only in t g thofhobing Fom 16 stofag émewdmmhﬁmir aaraaﬂ&wnhm

131. Files which are used conS|stentI over tinme should fall to the bottom
mm%gnms:ﬁw

of the priori ty illusion that the uges;is user ipmot conmectedioo

o notwor k- 111 o Btk TS bl Bfliring aepdn 43 B uled B s P ik R 8N

wi t hout requi ri ngxeept fon 'new files whidhhaqisersveants to storé exclocdlistorage\i3i beforei | | be

. needed except for 'n f| | es vﬁ ch a user wants to store on | ocal

| storage 131 bef o disconnecting fromnetwork 110. The
present invention prOWWWWaMMM'WMMdMomt
t he pattern of access to files stored on |ocal storage 13€1’ dlIiIe
storage unit(s) Peternpfagossstafiles gorerdon locs! storagsi3! and file;starage usit )iﬂ% 181 to
mai nt ai n dat e%ﬁ?‘g f o nSaidd@s the dafeSeneNlifile was
However, a h?lg%] qual it "ng'é ‘Gﬁlﬁng ygstlefr% may rgﬁl e an entire hi s?lgry
of access tlmmﬁlmmvmmémhmﬂmﬁhtammmmaaammbﬁpwf

rlngg:r?i (2)':1\ :/\/?ﬂ 2hdl €S ore “ﬁl& es %@d@’tm %ﬂ& tﬁh%:%&%{;ﬁ?g 200
may contain a pl mmmemammmmmmm;bemmmmms)ess
150 File 200 may contain a plurality of data items called records 210 and a file access
20 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,
25 ﬂeaeeesshis&wnuibutenOmayﬁmhacomp:iseﬁvespedﬁcﬁleaccesshistoq
attributes 221, 222, 223, 224, and 225, as illustrated in Figure 2B. Each specific file access
history attribute 221, 222, 223, 224, and225andeachmayhaveadtﬂ‘erentslze 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
30 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



20 history attribute 220. Figure 2B illustrates several

fields of file access history attribute 220. File access history °
attribute may conprise several fields; date of history field 221, file
access count 222, nine-day history field 223, 80-day history 224, and
| ong-term history 225. File access history attribute 220 may

be fixed i Ryglo#Bgzed N the preferred enbodiment, 25 file ages sg107Y
attribute 220 nay further conprise five speC|f|c f|Ie accessﬁ%’ﬁ[ory

41 YL, e e A ot bl g 521
‘and each may Imylanmteﬂdﬁmpn&mmA 96- blt or 12-byte file access
history attribute 220 may. utilize 16 bits . for date of history field 221,
four bits for file%@&@?ﬁ“@@ Prrsent invegtion;prevides ¢ lﬁbxtecﬁls/amfield

223, 40 bits W%ﬂﬁkﬁ@wﬁéﬂﬁi}fﬂe\hﬂk risftiof klas
| ong-term h| story 225. A st angzgﬁgﬂﬁggapp Icatlon progrﬂzliem
i nterface tS mmcmwevmmlbﬂedwﬁhmmnpprmm&mﬂl

222,223 224, oBiituf o thEiredbht B¥ecfiofd A Be &pRbd SRASIR mdle Loperinttieticn i e

PCT/ US96/ 1180 %aching systertis totdetermin® shich poridhs @Fﬂléiiﬁoﬁrtﬁ%tﬁﬁmﬁ%hy'benﬂe file
access hi story at ttinqbu e 220 actual ly- i npl'enmened 'on a conput er

system e pref erred enbodi ment, the present |nvent|on _

provi des a 12-byt efyig file AcceSsNistory ?’E’?‘Ez&%
nmore than sufficient | nformati on”t han need&%y?éor a caﬁlﬁtl ngj System

However, olfe mhﬁbchﬁwmmnuaﬂWMdmhnkeﬂeWmﬂWMMk

apparat us of S v

experi nent at i %WW%W%W z?tg%?@#’ mmrt i ons
of file hi stomﬂ:lmwmm@ﬁm Rirgfaesably hfdizedb HRr32-bit
Thus, file ac es h| st or ﬁ#lte ZZW further corrpact ed such that
only as 10 Fﬁé‘ﬁiw Mmed as i s needed to nake
file caching softh ofmlwwﬁhmbmm&tmmwem&' le

access history attribute 220 may be i-nplenénted . th a-48-bit file
access hi skdor %l@%%%ﬁ%ﬂ%@h%ﬂ@%@@@ﬂﬁ@ 32-bit

e ™, SRR ZCES 8 il Bl ol e SR ) L e pmotn,
accessed 15 fil esAraﬂ!h'deadedaﬂsMeuhmwmayrbebnmdedZm 12:bytesdf it is zomfignredbe
ey have & i S mate lagion abqus SRR iy e sufBratioR bk s kg  DEL P
detailed fil ehkms&chummmcﬂﬁdc&mu) inhithinkeds faitty
fﬁ?glr?r;t ?%rq . 6‘6*& cfrg)nt al ngﬂg&e | nformatl out recent RI storé tqqan go‘lﬁgzzs
of file cachi l&g&%&ﬂ&ﬁﬂ%‘lﬁ&dﬂﬁ&dﬁyi@#d&tﬁl
Ifaﬁlehlstoryenoodmgmtelauvetoawmpmntmume,mmmamcesoﬂware
may be provided (e.g., background]obonponableeomputerlw)topﬂformapenodtc
passoverallﬂleattnbutestoupd_ateﬁleaecesshlstoryatmbute(s)zzo and bring their
25 encoding up to a current point in time. Forhiostﬁleihnivgv&,ﬁleacces_shistoryattributé
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. '
. 30 DATE 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-



90 detailed information about recent access to a fil e, but can summmari ze

the pattern of use over | onger periods of time in considerably |ess
detail. If a file history encoding is relative to a current
point in tine, nainteance software may be provided (e.g., background

job on portabl uter 130) to performa periodic p

file attri but?!@*@‘{;gdate file access history attribute(s) %’@‘ﬁhbrl ng
their 25 encoding uptoacurret pojnt in tinme. For nost

file access histERgrfidal may be reducsdig tra bi b@rawamwmrﬁ@rpﬁweeﬁ%°tﬁme
i s accessed on %amewmeﬂuémma& mwrbasa
di stributed over ot her calculations, and little orﬁw og&l

wites tkbmmm&shﬂmmm%me by.

Hl STORY FI ELD . I@Q H:! E;; 9 igﬂr?ﬁ'é éﬁhélaﬁs tvvo
bits. If peri odr'c'""rra“r n%e: nan ehﬁdﬁ Sses are-per ornﬁg over ocal st or age

131 no nore tﬂammmmmmdmudmﬂmfdmofhmwfdmwmmwmg
PCT/ US96/ 11081 hi st or ield requyced, fo two bits to
represent a nunb@#vdﬂeﬁﬁ‘}@' Mﬁmh%tgemg {WW‘&

mai nt enance pass. ﬂ:ﬁ&ﬁlr mgmg faiteRshcas 2
16-bit absol ute dat eq{ﬂﬁtfu%d&b& t year) I n anot her 1l %tr;ni nt al ned by
afile history mmbbmmﬁdﬁag&uﬁdm“gmmbhﬂwlﬂkmﬂ

S'ZéuL?a?htehﬁa?Zt&m&v%wm%%emﬂéﬂﬁ?%@%“&@% Bal ue

fromdate of 10i Sgceessed field, widygeaflat e of | ast nmai ntenance.

If the size of date of hlsto |eId 1 |ncr ed thef equ

mai nt enance pass’ég‘alﬁhﬁru ‘Q:Mé’%é@ﬁ éﬁ‘g’%gﬁ%es
over local storage 1 q%g%ﬁ?g Pagga&;

history field 221 a 1 b| t absol ute te Tast accesse fireld, 1 nd| catl ng

nont h, date, and year. 131 and It may be useful to think of date of
history field 221 in di, f f.er.ent nJ&Q&‘e
date of the beginni ngi) ?%ﬂf‘ggéﬁ?%ﬂve‘ﬁwgéwstorage
131; and 15 131The date of the beginning of the current

mai nt enance pass over Ioc sto 131,
Part of the encodi ng At ef: MW%%%%%PW&%MW%WH?@
overal | design ofaﬁlggy@nfrwomﬁmgwa@l es may be consi dered:

D - Represents how many days a nmi ntenance pass over | oc t or ai 131
may g D- Y Rep¥aents how many daysamglmemnce pass over %af storagg Ts1 may
beall_owedtotake.

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

For variable D, usually, a day will be adequate, although two days may provide
more flexibility. It is preferablethatumaintenan_ce pass over the files within local storage
25 131 occur in background, at a low priority. Furthermore,thepmsent_inventiontakes
advmtageofthefacttﬁatﬁleéwhichiremss_ednommllymayhaveaﬁleaccesshistory
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
30 codes may not be able to be used until the maintenance pass over local storage 131 is
complete.
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be allowed to take. 20 B - How | ong between nai nt enance passes
over |ocal storage 131. For variable D, usually, a day wll
be adequate, although two days nay provide nore flexibility. It is
preferable that a nmaintenance pass over the files within | ocal storage 25
131 occur in background, at a low priority. Furthernore, the present

I nvention t advant age of the fact that files whi essed
normal | 'y mﬁg’\%”g file access history attribute 22%’@%3’1‘ {;as part
of normal file procgssin ou addi,tion di sk W |fes.
Its nore advant age 'B“ﬁ’kxg‘[‘f’ﬁ §P§§53§“ﬁ5§’§ %m@' Rdnch o

all ocated for dggupguﬂér hdintenaiBe pisEOHRED Ahgpgmﬁ‘f&aﬁ 131, as
any of the other 30 . codes nmay not  be abI e'to be used unt'l ] the maintenance
pass over Iocawﬁ%mwm“ﬁbmﬂﬁhﬂowﬁeMﬂlmwtheMda

-10- )QQ 8” Qﬂﬁﬁﬁ

PCT/ US96/ 11801 " l”ﬂg'or variable B;- there may be 2*D val ues which
may be set &side fobungtthsmhteuh:cepassovadocﬂstdugem theredre thegepossiblpass over
| ocal storage 131. After conpletion of 8 "~ mai nt enance pass, nho dates

remain with a 84O hi story field 221 prior to the start of a

current mai nt enancejypasConvért the file access hiskory & A1 GhidR hal ridh Bk Godised s’

| ocal storage 131, there are_ three possible - actron:

Convert the file access the baginnipg tl&mmﬁmmmmkdmmeéshbdt SI nce
t he begi nning ofthe curr, c S o 1. but
was accessed recently er?%éﬁ&g%a @oﬁ?@%ﬁﬁ‘ﬁﬁ%‘%ﬂg Wedlagaqfe of 10
access histiory; access higtpry, Convert date of history field 221 to an
absol ute date for f|| whi ch wa . agcce sed reasonably
recently, but has 8@59&1"5’%&%@&“%‘3““&“

{her eby” prevent  ng the erywwmmmuwamssed
thereby preventing the need for further updates until the file is accessed
, again; or | | | | _
15 3)  Convert the absolute date of access from the previous epoch to the current
| epoch, for a very infrequently accessed fil.

Inordertonmnm:zethemmberofﬁleatmbmesmodxﬁeddunngammNenance
pass over local storage 131, ammntenamepassova'localstorage Blmaybeperformed
20 by first waiting for approximately a week before actually visiting any file attributes. Then,
asuchﬂleaﬁnbutemwmed,theoﬂychmgesmdedunngthemamtemncepassover
localstoragelSlmaybeoftype?.,andnotoftypel _
Therevaalueswh:chmd:catedatesmmthdeayuﬁerthehstmmmenmce
passoverlocal:toragel31began,butbeforethectmempass The next maintenance pass
25 overlocalstongewlmustmnnomorethmmndaysaﬁuthehummtenmpass
began. B will always be at least 1. _
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
30 'consequemesdunngacutrentpassoverlocalstoragel3l Smceﬁleaccesshnstory
atmbuteZZOreﬂectsonlythewrrentstatusofthelooaldmk130(anyﬂlem1gmedtothe
file storage server 140 and file storage unit(s) 150 may have its date of history field 221

-11-



dgain; or 15 3) Convert the absolute date of access fromthe,

previ ous epoch to the current epoch, for a very .
i.;nfrequently accessed file. In order to mnimze the nunber
of file attributes nodified:during a maintenance pass over | ocal

storage 131, a mmintenance pass over |ocal storage 131 may be perforned 20
by first wait WY¥M#3 approxi mately a week before actual |y vPSFUS%641803,
file attri butes. Then, as each file attribute is visited, the onI

changes made dur 'up@thtgmmmmtbmonﬁeﬂy),&dapo@bﬁageﬁn!ﬂk ﬁwbe

Gt e4 o & ¢ han B8 kB ikor feld 221 tp a4 el oF i Wi ™ ©

storage 131 begasomguér memmmummnwmmammmmmbmfs

25 over |ocal stora&g 13 milst_ q&‘fl no, nore, tha B+D dmzs after t he | ast
mai nt enance pas 9ates ﬂ’ﬁé&iﬁ ﬂ"%ﬁ t‘!’-’&a‘?@

Such a scheneg miihaﬁ%#n%%e IO&%MFE fn v, Qﬁn&f&: or a 5- b|t field
to have an —Zgl&A two-bit Tire fsﬁo ave D=1 and B=1.

| f portable conputer Himmmepnw&hcﬂlwnéﬂmﬁmﬁhdbnﬁremgeoutwf be

serious 30 consegyenc Lin nt s over | oc Sk orage, 131.
Since file acces&® W&?‘F%L&ﬁ% joyention ma: M&'@
status of the Iownoébehd&&dwuwﬁummmm&fﬁumloww@bqwgm

server 140 and file stqorage unit(s) 150 may_have its date of hi, st or fleld
221 minigize damage to file accéss history e 220 in such a case, the priority of th

rﬁg/ HS%S/ 1|1t8q|as p%"s';‘é‘."BF‘g toégiqll WW%@B@@%&P@% of |story

field 221 to act inatersedbe defined to be virtual days on which portable

_ conputer 130 was tur Q | easi o ,.Thes ates nm n_be .filed
into a table of ﬁf@ﬁhﬁ% h‘%? F@ MB@ Wﬁnﬁerl ods

of inactivity mm%memwmawemwmzm

as soon as it is rned on., - [f a mai ntenance p over Ipc

storage 131 is ntmadsthe,preseatinyention will immadiately,process date
hi story fi el 4522gocedshistdty SRS e 2RV@REA mhsere&écuveprmrmbscmsnem

day has not been reached until 1t hasS finished the maintenance pass
over |ocal st or abistongattribyty 220 may always reflect thrdaypo whichitheyarevieweds hi story
attribute 220 in such a case, the priority of the 10 background task which
- 1s maki ng the maintenance pass overlocal storage 131 maybe I ncr eased.
The rest ofthe eBHLBIAGQGESS COUNTI story of file access assunes the invention

'S File access count 222 may represent the number of times a file has been accessed on
20  a current day and may comprise four bits. Onceﬁleaecesscoum.‘zzzteichesitsmaﬁmum
“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-



| ooking fromthe perspective ofthe present. Every tine file acces history:

attribute 220 is read, the present invention will imediately protess
date of history field 221, and adjust file 15 access history attribute 220 -
to reflect the present date's perspective. Thus, file access hi story

attribute 220 may always reflect the day on which they are viewed.
Fi e access count 222 nmay represent the nunber of tines a file has been
accessed orWOB78E3%r r ent day and may conprise four bits. BABUSIGUMIaccess
count 222-reaches its maxinoum . value it rerral ns at_that value until

‘ day es o- . |pbit file access

count 222 ‘are summari zedRino
-12- WD 97/ 0439
PCT/ US96/ 11801

Access Count

File

- S
TABLET
Thus, the number of accesses on a given date(date of history) may be compacted
into as little as one bit.
10 . .

NINE-DAY HISTORY FIELD

' Nine-day hxstory field 223 may fepresent a cumulative access history for the
precedmgmncdays N‘me-dayhutoryﬁeldmmaybengmﬁcanﬂycompressed,for
e:mmple,tolsmts,vnthmhofnmednysrep:uentedbytwobns In an aiternative

15 embodnmem,27bnsmaybeused,wnhmhofnmedaysrepresmdbythreeb1ts

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 | : _

20 | Nme-dayhsﬁoryﬂeld%shouldconnstofcoﬂapsedvaluesofdmlyaccessover

© the previous nine-days. Actual file access count 222 may stll be used to obtain information
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. ) _

25 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

30 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-



00 O Access ' 01

1 Accesses ' 10 2
Acesses 5 11 3 or nobre Accesses
tThus, the nunber of accesses on a given date (date of history) may be
corrpacted into as littl'e as one bit. 10 Ni ne- day
history fiel dwasmesass represent a cunul ative access history PEFUS6E1801
precedi ng nine days.. N ne-day hi stor  field 223 may be significantly

conpressed, for ‘ ' o I
represented by two Aa : _ " e-DiL BN o X
used, with each of | reﬁgp '.“, | . #of Accesses _ ]

Ni ne-day history fi§ b

current week. V\hen dgta fram ni neoday hi 3 toryodo eId 223 |socorrb|n
with data fromfil gaTTess Tount TTera 22, a nmajory or the rasg 10
days of access to d fileOlmy be reconslruct ed By t h001 deasonadl e

accuracy. 20

Ni e-day hi st Q iel d 223 uI d consi Sty Of
col | apsed val ues ofj—eai 05 e 154 5&9 b

file access count #22 mayistill be used to oba| n onformetion 3to4 abo
the present day, s{@cC at_ inrormation about 4 OT? of tlen da yS (gf accless
iS knovm, : TV\D and *hree-hlt oncaoning us‘ M 0 -nn..--A '
fol I owi ng range of §nunbers as illustrateq in jgple Nl . 2371064
Three-bit encodi ng TTery— e ggurTed 1 oT ae ( WSk QOO TexXper T ence w }
file cachi ng § f are, Onelconsiderg n] AR EN 1 d _e-todadbe abbut
files which wer g accessed bnl y once vvhen portfﬁ e ccrrput e;z 30 vvas on
network 110. I|f aI S e B iumas e
st orage unit(s) 150, other files which ha\;'é!\gﬁﬁﬁI accessed many tines

recently nmay be deleted. It may be inportant to keep information 30 about a
si ngl e or -doubl e accemmmmgewerz-mMMﬁ@ommmz%m8}

(i.e, two- mﬁggﬁg '&ﬂ%ﬁo ode for
a single access, Qi‘tiée E&QM% conbl ne accessgs mtso a single ‘chde

Thus the schdase edpeadlylveelllvbnh #3-bit dute pf historydiakb221 (D=2, Ba4)land 3-bit file access count

3 222,allowmgtheﬁrstthreeporuonsofﬁleaccesshlstoryatmbute220 (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

20  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

25 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
30 history field 223 and 80-day history field 224 may be combined to reconstruct a file access
" history for the preceding 90 days (i.¢., previous quarter). In the preferred embodiment, 80-
day history field 224 may be 40 bits long. ' |
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WD 97/ 04393

PCT/ US96/ 11801 Two- Bi t Encodi ng

Three-Bit Encodi ng Bits # of Accesses

Bits # of Accesses 00 0

000 ' 0 01 _ 1

001 L 1 5 10 -2t 04

010 W0 97/04393 O _ 11 . PCFAIS96/11801

011 ' 3tod4 '

100 . 5 80-alayt history 224 maybe constructed from ught 5-bit fields, each representing file
églto o5 - figeess hlsto7t ry4foratenday_penod. Eachs-btrﬁeldmaybereadﬂyoonstructed&oniqﬁlo ,
>256 from file access count 222 and nine-day history field 223 [Wilkirin/themselves representa The
present invention may use a 2-bit code to encode nrneday hrstory 223 into
18. bits GP“@YPMMS for each of the last nine-days of access). Such

a schene Work f eld
221 (D=2 =4) and%séé}fr e accesywéwwwv&o %ﬁé&ﬂ"?st
three porti onﬁdidsyteemmwdhmhmmmhﬁowmmmﬁedéﬂﬁim
field 221, file ss.cqunt 222 and nj ge- day ,hi.s fJeId obe
conpact ed i nt M&Cﬁxwgg@‘ﬁ?ﬁe 8’3‘#’%@% gingle Y' ﬁ’ng%’ﬁh

al ternative ergpefikhse 'mmmﬁmﬁm@mﬁmﬂ&m@c&&s
present invention, a 4-bit code may be provided for t ree da Ss. Three of
these 4-bit cSASTIVITY), sndys significantyumber of acoessen (SIGNIE] .00ft he

cor 1 espondl g @%&“@EW&?%W&%%&WM@%&% ity widl

| east one daytafdaylpgmclrcant access of the file. Encodi ng- which represents
no ‘access aI but sj nrfrcant access on at l.east one day may be

interpreted as rep ms%@e@#&tmm of
significant a leMYuﬂl >1 and >4 ac&idseday

history field 224 may ‘repreésent: a currul atrve access %ngstory, I n an even
nor e comespeasivelys oy

access coufy Q?'meg;ege &l*# %68 ygﬁ* | Id
224 may be conbined to recgnstruct a egg‘ggess tﬁ"i‘h@% o‘rujao? W’hm
‘precedi ng 90 diustrated inclabledHevi ous quarter). In the preferred enbodi ment,

89 day hi st Ofyinfehftbithgrable T it RoulPbeoked thit Wta of primary interest in the
_longestnumhe,rofconﬁgnousdaysinamwofinac&vitywifhinaten'daypmiod. Thus, for
example, value 01110 may indicate that the longest contiguous period of inactivity during a
20 giventendayper_iodwasmodays. 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
25  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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YWO 97/ 04393 .
PCT/ US96/ 11801 80-day history 224 may be constructed from
eight 5-bit fields, each representing file access history for a ten
day period. Each 5-bit field may be readily constructed from data
fromfile access count 222 and nine-day history field 223, which in

t hemsel ves r epwe9T B9 - ten day period. 5 ThRET/US6E2803
detail ed history has been constructed for the |ast 10 days, it may be
fairly easy to conpragy I'nt ormatlon of ALK I nfor mat1on
needed for recent,l code D : , a
singl e day, activi s ; ; =
states: no access [l T ' | ' 7
(ACTIVITY), and a I géppi | fant ppgber pi agepgses [ SI OGNl FI GANS I VIY) .
10 interest to & Botd) Pr 005 @t Y pe (3 otp o € 1oRGRwl perio
of inactivity wthT e t BT 1T
activity states
i nvention may di st |_act1Diyty o ' L '
and >4 accesses, 001 pect 2Odays Al 3- mid3Payie | however $Baysallow for
further distincti baitoveen >3CDa  ahd ¥x 1By accesses. |né :
embodi ment, a 30bif osde ¢f a 1b# day| pakiezbaydf pctivity c
illustrated in Talf €olobd - 2CDays | | NoODager prieting Tabigpaybl |, it §
shoul d be noted t HAT offe @] 07 BECIDIR' Y | Nl elcchbayt ' [ € J st nunper | of
conti guous days i 0 n VITY WU Paygt (EN 0y PET§ us, o
exanpl e, value 01 ndiﬁ Tt 4 €S COMNt T JUOgs,
i nacti vi ty dur hgg 1°L WAL . _ 1
been several o ALy rotch
however the |onge ; BY. i oat-oi-5 B S e
Moreover, the dat 2 i < i
period is in L ' o [ Fscibuyst )
activity. The val 10000 ' mavibe =253 Diysf o
- subtracting th&0anpuneoobf | pact=
from10. Thus, thejvatomes]|for $ Vity aes explicitly e
five-bit value, b 10011 fr e y Lprerr andf are snoWngpgys 1abl e 111
for purposes of il ] " 1Da 0 oD
10101 0 0D ' 10
25 10110 4-5 C-Days' : 2-6 Days*
10111 6-7 C-Days' 34 Days* i
11000 8.9 C-Days' 1-2 Days* I
11001 45 C-Days’ 26 Days’ |
11010 6-7 C-Days’ 34 Days*
30 j_ 1ion 8§9C-Days* | 1-2 Days*_
11100 4-5 Days’ ' 2.6 Days*_
11101 6-71Days’ o 34 Days*
11110 8-9 Da ' 1-2
11111 10 ' 0 D 0
35 '

NOTE: C-Days denote contiguous Days ' T@LE m

}inchudes First Day
Zucludes last day
3Doesn't include first or last day
4 Activity or Significant Activity
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WD 97/ 04393

PCT/ US96/ 11801 5 Bit Code Pat tern of
Activity Code (5 bits) | NACTI VI TY ACTIVITY - -
SI GNI FI CANT ACTIVITY 00000 0 Days 3-10
Days 0-7 Days 00001 1 Day

6-9 Days . | =< 3 Days 5 00010 3 2 C Days

5-8 Days WO970439%3 =<3 Days 00011 = PCT/USSE/I18Q8,y S

6-7 Days = <3 Days . 00100 1 Day

= < 5 Days Theﬁve-bnpaﬁernafaﬁﬂgtymcodmgwmemﬂﬁi&ibmgablemeﬂmﬁeﬁays

z: i DaDéf/ | gmﬂgraphofpenoés%@gc%&ymdpmoﬁabofﬁ%?&mfonﬁle \%t_Ea
3<D§1 SDays cight of these encodings (38)bits), theamgeofﬁﬁﬁgfmtm ng?%?g
- éDays | wnvuycmbeduwvwezagw@yghowmtensea Wdunngpenodgoﬂgéy
= <4D Days getivity. mmmmidi@aﬁapmm%ﬁwﬂ}%}um%.@a&ws

=< 2 Days
O Days cmbemgratedtoﬁleuowlwmmestongamﬂt(s) 150 until needed. Day
= < 1 Day 2C. Days
—< 4Days Pattemofacuvuycogbgg,@maybecombmﬂﬂ%flfgnmde S
< 2 Days avmgehvdofmgnﬁcimmﬁﬁtyﬁ)rthosedayswﬂlﬂgﬂﬁhhashadnmﬁc&t%ty
< 3 Days Days 20 C- Days

_ <1 ooy nmmmmmmmmdﬂmﬁmmmw@%%
= accesses Rer &g{/ then 3-4 accesses may be mibb%%mses, 5-319%s%§00

_ being 8 accesses, l7€64ch9euesasbemg24accesm,’65-256masbemg 10101
ays 10110 ’ -5 C- Days'
Days| er r frecesses, an&)a)gswfsbem&/iﬁm @%P@pme of accesses
Days[e”]forthemmber mi&@%ﬁmmn&&g& rahdrmxm(s-s), (7-12),
Days[err] Days[.err]

Days| er r (13-26), (27-50), (51-75) (16-100), (101-200), and 9&% as encoded into 3 bits
Days[gy r 39erage oé%%ﬂﬁhmammﬁ 9 C-Days[err]

Days[ﬁej;r](,fthe lovel 111 4-5 Days[err] 11101
Days[err] 3-4 Days [err] 11110

Days|[ er r - "OR '1-2 Days[err]

11111, ' ~ 0 Days 0
Days 35 Twoﬁeldsarepmsentwh:chconwnmformanonabmnpenodsofmmthepast

Inordertonnnumzetheneedtomovemformmonﬂ'omonepomonoftheseﬁeldsto

20 mother,tbepremsemumermwh:chtheseﬁddsareasmwedmthdmsorrmgaof
datesmaybenon-mtmhve, Themne-dayh:storyﬁeldmayalwayscontmnmformauon
aboutyesterdayandtheugbtdayspmrtoyesterday Theso—dayh:story however, may
onlybeupgradedonceevaymdays Whentheabsolutedate,takenasanmtegenso
modulo 10, thenthemformauonfortheunremdayandthemm-dayh:storylsencoded

25 'mtoalOdayemodmgasrequxgedfortheso-dayhlstory,mdmgddedto_ﬂ!ebegummgof
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.

0

1 |OH8/\
©~NNrONEOQDS
&

<

OOCDl—‘CIJOI\)HOON

. 30 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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NOTE: C Days denote contiguous - Days. TABLE | ||

[err]Includes First Day [err]Includes |ast day [err] Doesn't include
first or last day [err]Actiivty or Significant Activity

- 16- WD 97/ 04393

PCT/ US96/ 11801 The five-bit pattern of activit encodi ng
concentrates WO¥#MM3 able to encode a general graph ofi%w%/awa

i nactivity and periods of ~ significant activity for a file. Wth
ei ght of ihese encodi Onee « fallghartes pf activity Giee 90 gaysphasbeeri endoded in filg @edess qoynt.

a 11l 5 acoess ot dierdey iy bold 2 aSEaCRiRYh Tihe 23, B posige pBltch Bt °7°C

file is in a peitingeusdhactivieyund \avérageperio ﬂwﬁmy oewdﬂabeaﬂddhmctenzed

can be m graed to f|Ie stora e server, 140 and file ora e uni

until needed. @P!hb‘b? WWQVV‘S‘B& ﬂ'\‘fﬁl"%é“‘?‘“m
conbi ned with 52 nglte r g the . aver age IeveI of significant
activity for thos ays M IT€ has had significant activity. | f

usi ngfthg 3-bit code Howeﬂeaﬂhgmpdﬁmodrﬂﬂdia&ihgwiﬁﬁbaehtﬁhh;&hdmm;daas
specified as >2 10 accesse er t counted as
being 3 accesses é’?g&"agﬁﬁ °!fg’f' %ﬁéﬁ%@f nQ Feast o5

as being 24 acceié&.&esﬁ‘%e%één eﬁ&?ﬁm?ﬂebﬁib y duld be ondBlesoragunitts) 450 Ritifer

accesses as being 275 accesses. Then the average nunber of accesses
for the nunber othandecsl storage 13dificant activity may be cal cul ated, and

R B e
level of signifi evhetereigaikey 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
15 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. ' '

20 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
25 : Current Intensity 0 2 !
Current Period 4 4 |
Active/Inactive 1 1

TABLE IV

30 :
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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UPDATI NG 80- DAY HI STORY

I nformati on about periods of tine in the past.

Two fields are present whi ch contain
In order to mninize

the need to nove information fromone portion of these fields to 20

anot her, the precise nmanner
dates or ranges of dates may be non-intuitive,
field may

days prior we érday :

i n which these fields are associ ated

al ways contain infornmation
é@? The 80- day hlstory,
)|

W th
The ni ne-day history
about yesterday and the eight

however, meRET/USS6/1189Y| v  bhe

upgr aded once every 10 da ken_as an integer is

0 -nodul o 10, then t e&mtfvm;imt on Res tdawuﬁw@na ay fnd the-nine-day

history is encoded 25 i r the 80-day

hi story, and is added t B e g—F——————ttie—30- -l story. The

ol dest information that gallk Wt ol the 80-dav2history LS.

incorporated into the | gng-t @83 hislory as desc3ibed in theflnext section.

LONG TERM HI STORY FlI E£D§30 0011 Long-termgly story 225 Jmy characterize

access history over an Tenggep per§od or 67 NE. LONg-tgrm history 225
- may be even further co T = oy and may

be, for exanple, 18 bit $-ere: —

-17- WO 97/ 043 o010 . |- 10-12 -

PCT/ US96/ 11801 O00dce ajfull gquartl8#150f. activity (i.e., 90

days) has been encodgel ign fi f@ogacceps count. 16-19 222, ni nefday history

field 223, and 80-day hifstorypgy € A, enzgmgrage PErTOfs of

continuous inactivity a : 5 1%9"!"“‘4.‘ cal cul ated and

characterized. - Lon B E—ahtaiRed aver agi ng

information fromthe pr 1011 5. toneﬂﬂé@ h longlterm history.

How encodi ng is perfor ma¥l00ndi cht e hOM/faGOHBck a file phas been

accessed as
attribute 220 indi cates
that file probably shoul

wel k5 aq] pat §ggins o

access. Eﬁﬁblfe accessjhi story
’ sLe=n s Tave peen nade, then
e her t han

zm

| ocal storage 131. 10

period of at |east n days of |nact|V|t§nnLE"mhere nis a key paraneter.
period of activity is defined as a period of activity with

itiurrent intensity field fromr Table W (27-bit foromt) may representithe n t he
number or range of days of significant activity during the current period. The current

n days i n2@& row ofThetwetbi

range

defined as a
A

fewer than

period may be defined as the day 91 days before date oflnstory 22]. Omrenﬂy
-Amwu&mmnwbnﬁum1hNeFVuﬁwaewhahnﬂwﬂhvmsumwuxanWemxmgﬂw
tmnumpmuﬂ ChnmnummmgumhuumhmwmmwdqnﬂwﬂhvmegmﬁamﬂyAmwe

25  during the period of activity. .

mmmmmmmmmmmmwmmw
hmumnmcmceuamneummevﬁwﬂurﬂumeumaulanquhdpenodofmmMgmnm_
significant activity extending into long term history 225. ‘Such information may be useful to
_ﬂhmumzvﬂwﬂuraﬁhlnshumcumﬁuqnwindﬁgﬁﬁaﬁﬂyaawﬂndﬁncomwunhedqm

30

in the past. 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 V1.
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of 3-7. Table IV illustrates the nunber of bits which may be,
assigned for 80-day history 15 field 224, for<different total bit

configurations. The arrangenent of Table IV is by way of exanpl e
only. Qther types of arrangenents may be used without departing fromthe
spirit and scope of the present invention.

DESCRI PTI ON BVO970488 bit Bits, 27-Bit 20 AvePEEUSIEHIBN o of
Activity - 4 Aver age

gt 4 S
Period of.lnactivity Theaverdge intensity field of Table IV may represent thq average mumber o
Nunber of Periods i,n Avera .. B S
Average | nt ensi tngaom&yggfﬂgmﬁcu&mmy%umglongtem?storyﬁs_andmaybeencodedas
Previ ous Period illustrated in Table VI. Alternativély, the 2-bit value for average iritensity fay be encoded

Current Intensit 0 ' .y 2 .
Current Period %s{o, 1, 2, 6} days. Whenavmgmg,theacmalmmberofpmogsuptoammmumof

Currently Actigve] | : intellflﬁ' ’ unded Thbs 3

TABLE IV 30 3 i’A"{H’C'I*XG’A kgl ;[mp"erl 8d va ége??veragug&ggrl gje%z“%:(‘:gie{/algfy,
aver age period offoriifitensity wioves movedapidly than onesdfort period iengith. nuriibep o€ perigdsimey be
encoded as iIIus%?t dy&tﬂ la.bl e V,I-y\,here. gach, alalu%l' f' SR ESEN 'S'tya Tabl
nunber or range ﬁ?y ith 0 "\M‘ﬁ%ﬁl&g e for a penod o ity fabie

PCT/ US96/ 11801 v llustrates an alternative imeft £ encéding Gverage iklesiit§ usiiig thestidvis. Of
Days 0000 . o 1

0001 ro— o

3 5 ‘ falue | Average Intensily |

0100 f 0.5Days 0101 |

8-9 | 1 10-12 §

0111 = _ - I.S%?ys 5

2 Days

2.5 Days

20 .
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
25  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

30 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-

35  term history 225. |
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10 1000 16- 19 1001

. 20-29 _ 1010 30- 39
1011 40- 49 1100
50-59 15 1101 60- 69
1110 - 70-79 1111
>80 TABLE V 20 The o
t wo- bi t cur MO8 e s ty field from Table IV (27-bit for METUSKEAIPpr esent .
t he nunber or range .of -days of significant activity during the current

period.. The currerIﬁotethantpnyhednmmméMWedﬂedwyugﬂnotamm ore
date of histo 2 rgent | act i v, 1t f ble IV
i ndi cate mhethﬁnuebﬁ@%éﬁ%'%ﬁ%%%@%#“&‘ﬁ%@fm ‘ngb 1828101 r ent
period. Current i Mﬁﬁw mwmmﬂwcémwae\uwmchaﬂle
Significantly Actjve 25 ~durin ﬁi)he perlod of ~activity. S,

fromthe info¥eRes Wmmtpnm&lmmory

Current dtiioGiad &p?.g é&?’ sended
period of 5cont|guousmﬁ,ﬂ'ﬁi&%ﬁn| cant actl.vity: >?{ ﬁ'g I'n o ong term
hi story 225. mmﬁemmmbmmmmmw(mmmmmr her a

file has been corsi s si.gni.f i cant accessed fol,. c e utlve days
30 in thepasts ?Q&@gﬂgggﬂ *fé"?ﬁ%ﬂ“?‘g&! 88& 3

131. M&Wﬁkﬁrfﬂd mmafmm mmlamammm

|IIustrated|n Tabl e VI Two-bit Val ue
Si gni ficant AdsPTy;

NONE 0 Itmagﬁeméaomwweﬂﬂyselectwluch:ﬁd;ismthmﬁlea%sl@ﬂ&y

10
> 4 Days attn’buteZZOwhmhmaybeencroacheduponmordertoall&'ﬁﬁiﬁqﬂnﬂymessedﬁlesto

'pé% US96/ 11804wv\9ys%3e & %g’medue Only heavily accessed files may use a small date field to
identify a date of last access. In particular, oldest days in nine-day history field 223 should
be utilized first for additional absolute data bits. |

15 " Inthe preferred embodiment, file access count 222 and nine-day history field 223
should not be encroached upon. Whatever parts of the.ﬁleace_essbistory attribute 220 are
encroacheduponforan#bsolutedatemaybeassnnedtoindimenbaocssduﬁngthis
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

20  context-sensitive date systems may be in use. Two' lﬁ-bxtabsolutedatevahesmaymd:cate
twodlﬁ‘erentbegmmngs,oneﬁoncumntepochandoneforaprmousepoch One 9-bit
absolutedatemayaﬂowchangmgofepocheveryZSGdays,fomgmonmucnonofaﬁle
aocesshistory,evenforﬁleswbichhavemtbeen'accessedina-longﬁme,toaboutohcea

25 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 discussed as being performed on portable computer 130. However, such
background jobs may also be performed on other computers (e.g., desktop computer 120)

_ whereﬁlehlstorydataordlskmhmgnsreqmred

30 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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The average field of Table IV may represent the average nunber of .
contiguous days of significant activity during long term history 225 and
may be encoded as illustrated in Table VI. Alternatively, the 2-bit
value for average intensity. may be encoded as {0, 1, 2,6} days. Wen
averagi ng the actual nunber of periods up to a nmaxi num of 5 four is used
to cal cul ate aWOAVBRHe intensity, then rounded up. Thus. th 801
aver age for intensity noves nore rapidly than ones for period | ength.
The nunber of pqlroslllamyackgromd)pblmﬁvorknlmnﬁybuﬁgmeMOdgtemumme

al 1 ornat | ve. enb Qe 18 hofhgr ARG, 130 e bk AR o Pl b B 6. O

10 Thr ee- bit VaMmysystemdéignmmylwmew&hmmedwgn,mdamnoflensper
({Ogay file att!ibuteomz?y b%eﬁllxse. Thus, there ig)g yiable 96-bit (12-byte) encoding: 11.&\}2%%{
(2)1 é bays 5 history field 22%)/4bit current file access copt, 19-Bit nine-88 history field 223340-bit 80-
110 aymmwﬂelﬁzmmmmuymmmmdl&mmwmwﬁemzw 4
Days TABLE VI

If there are a total Ajdisqysed sbays, thetechnique of the preset iygntion gay E?ePF‘B’&MW be
set to an iR dpefefing WA soRWate dnlifdr ad #idcRrobntE nidiitérRifde” §obs btmiibe t S

current length, and the total hi story of tinme assum ng al | preV| ous
periods were of cHpiayss as pastpfidevice driver saftyeare, mmogwﬁwe, thedke, Upen ¢ hese

cycles. Suchyg s al | 25
cycles after cato?eﬂtmtl ng an avengeea&r%m ng per| W%%W

i nactivity to balisdussed/dhoye, uponamrtagmemﬂumlowsmgedn;md/othmrmfght

peri ods. Qna. termhi stQry 225 wll QVi t he St

I nformation for ‘H'F‘%%“"@ Fﬂ"’%"&fﬂfp’@i g'dé' e{rﬂnc%ﬁ: g&‘éﬂ%?%?%%’or
steady inactivi tdys, bﬁﬁ@nwmtblwﬁpmf&tmbdm&e&mmdangenl. hi stories
of up to two years of | at a. asie y to ke this nore
30 neaningful is g"‘éﬂ@!‘%@ﬁf&f’“& @ﬁ%?”ﬁrﬂﬁﬁg&eﬁ‘?%ﬁ“to
ensure at |epst piy mmMﬂ@ﬂwﬁ?&%olocﬂme 131 Adpaftofd/MicKeadér! Dink

enbodi ment, a 48-bit or 6- béte file access history attribute 220
utilize 4 bits feae Mmmmwpﬁwﬂkmﬂa@b@s%ﬁunt

222, 12 bits for ?hﬁ'ﬁ {roe

hi story field 22% n%] !gé’bl ts%’g t @&%%ﬁ%ﬁ#&ﬁstorﬁp%&mym
- 20- utilize the file access history to perform disk caching on portable computer 130. With

' improved file access history attribute 220 available, disk caching software may more

20 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.
25 Several different access fimctions 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. |
30 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
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WD 97/ 04393

PCT/ US96/ 11801 Note that it may be inmportant to wite out an
updated file access history attribute when setting the file access
count to 1 or 2 when the nine-day history field 223 is zero.

As di scussed above, date of history field 221 may conprise a date on which
afile - .. access history was | ast updated. In order to reduce or

el imnate uPpRI7®4398| ¢ access history 5 attribute 220 for RGWVUSIAMICHh are
not accessed, one code, or possibly one bit in date of - history field
22% ol U o St dﬂge ?mh X ed?Mh . b . 'dd i|f J
absol ute" .encodi.ng of the date i st or s being use f absolute
encodi ng of t FAsHg g@ é@@ M eld

221 may encrom&mémwl M‘Qd in fi I e access hi story
attribute 220. 10 It may be inportant to carefully sel ect V\/mch
informiatiortretuenyed lislarg

fields within fMMM;ﬂgmﬁmntmstfm@

ol ways. use’an g e Spiih o festokfith fbd-BMGl cesﬁééwn%@négﬂymu

gate field to:meaﬁmnﬁmﬁuonmwdtmpgmﬁbwcm?mbﬁdfwm cﬁrtdes,?idest
ays in nine- | stor | 223 shaqu e utiliz irst fo
addi ti onal ab Mjmg “&bmmm'b P@Fr‘@(ci‘ QF‘hE‘ﬁ{‘ file

access count gﬁgﬂmﬁﬂg gqm?
encr oached upon VWhat ever g:rts oft Il e access h| or attr| ute 220

are encr aessduncti GMWMMMGM no

absol ut ﬁuég?ﬁéﬁhacce%ﬂﬁ&?@ﬂﬂwﬁe?wqﬁ prioy by mbaifile it

absol ut e dat ebﬁm(ﬂemmmmumd@ss t han 16 bItS I n such a case, two
20 context-sensitive date systens_ may be in use. Two 16-bit absolute date
val ues may i ndi cat@mmlmt%mymﬂm@%f@mmMth epoch

and one for a gﬁﬁy gﬁ%h%f@e 9-bi t absol ute date may all ow
changi ng of epOch every ays, forcing reconstruction of afile

access history, evBn f Giles used consistegtly ewen singetheytwere crsatedssed i n a l ong tine,
t o about ce a ““nﬁgch updat es coul d be done at very
| ow priori ?y as a :Qackgr oun%ipr oces g" ng wi t hi n portabl e conputer
130. It shoul d be Mot e@ﬂmmsedmm&emtmieddohﬁmmmdvmlowpéﬁodofﬁme.
background job is gdi scyssed as, bein erfarned on rtabl e conmputer 130.
However, such bac@ ‘HF%“] t@e% F@ﬁ‘é’%éﬁ’?‘g{’md on other. conputers
(eg., desktop conpsjt er Fiiedwhich are nédiled Periddically) bat #2¢ HotdhaddousidefikeirgrReibd Ny i S

required. 30 [okzbreover such file histories may be naintai ned
within files stored w Fiﬁ“'flle . storage unit(s) 150 coupled to network

110 whichapn turn gy IFies sciiSdd YRl fidaf Pass
-21-
7 Files used only once several days ago.

Th:rty-two bit priority emodmg may be created containing useful semantic
25 information, but which may be readily manipulated by software which prefers 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 consxstently recently code: 3
30 . b) Acceesed 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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PCT/ US96/ 11801 program as a background job. Network 110 may use file
history data to determnmi ne 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 sinplify the design, and a cost of.16 bits
per file WOBTH3 e may be fine. Thus, there is a viabl e PGE/VEPY11801
(12-byte) encoding: 16-bit date of 5 hlstoryf|eld 221,4-bit current file
access count, 18-bit2)ni néntda;tyhfwory field 223, 40-bit 80- day -

hIStOI‘yer|d 224 with n0|nt and 18-bit long-term
history field 225. g%@v&g%%ov the techni que of t he
present invention may bebyfﬁm WﬁﬂaWemgruﬁcantadmmya&MMpmgsesystem

sof tware and/ or as a background " majntengnce job, or may be enpl oyed
as part of device driver € of t Mot @ Wm ons software, or the like. Upon

10 operatio t he soft e O M(F!;ﬁg&ﬁ ﬂ?;ﬁﬂft ermne file
access hi sto?y, as scuss ove, ugon accesgyto afile wwthin |ocal
storage 131, and/or 3s p®etiobéfintensity background "mai nt enance" job. Such a

mai nt enance job may take any nunber of hours,. days, or even weeks to
conplete for the entire contents of |ocal storage 131. Once an

updated file access 4)i St MeNodéfindcavitysinbe PefictofiRBit s egHliveCmakiellon period
access 15 history a‘ptrl bute 220 may he \%rltten onto | ocal storage 131 as

part of a file header. Diofipactivity lowes prigftYsof t ware (optional) which may be
provi ded as 4 gart of a package with file access hi story software, or
may be provided as a separate package or by another vendor, may then

utilize the file accims, dtbslyawpbitcpqoatyfmrdmbhdm&mgfombnw tIEthisds a

el anl o, i skewdehre ebe RARLR il G el AW hich M oo ey

files onto Ioca{od&,tﬁa%g& 4 iays of iningiliile HANGY bEMRret flesbased on coisténcry

conpl ex encoding, an inportanpt el errent of access,functions which
al | ow essenti al of Brpritization nrefers #Eﬁiﬁﬁm W&é
conveni ent _fgnn @amseammnmmmwuncuons mey be readuy

supplied. The p rpose of access functions . Is to provide information,
especially to cachi ngﬁwmmmmmowdemmg @s&m@@eswhxchhave

Tl "Cow pri or P abctbddd s0dRl bit el vl ol GAUAMIG! Tnereliydrofinibly B8 coch
whi I e high pri Oﬁmseyuid lbwerhm;s dnsutiedliocated dtslcspud: dzﬁwwmm:si;@mmay 30
Al gor Chm PR HER e S Heve e pocsiSf fipenly BBty oG Bl o
Least Recentby hdagfifiles 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
perceatage 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
25 encoded semi-logarithmically, not linearly, thus code 7: 80-100%, code 6: 60-79%, code 5:
45-50%, code 4: 30-44%, code 3: 20-29%, code 2: 13-19%, code 1: 6-12%, code 0: O-
5%.
The encoding of the period of activity may comprise an integer values 0-255 giving
the mumber of days in the period of activity. The encoding of the period of inactivity may
30 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.

-24-



repl acenent algorithmhas one major flaw, if a user accesses a |arge nunber

of files at one ' -22-
time, then the entire cache nay be filled with usel ess information. Thus,
an i nproved caching algorithmmy ensure files which have been used
consistently are not discarded in favor of files which are used |ess

consi stent | Access functions have significant cost ifthe
si ze of mf%?m retuned is large. 5 Since the anouRETEM6I8% mat i on
encoded about each f| I e is subst antial it may be easy to- wite an
access- f unct¥es Sl IRL SO "’AH byt es of data which provides, in

a sinple an gﬁﬁb %ﬁ’#u gg:g&t - over
its history. Oneq'shgc 'r(ﬁ Ion nay reqU| rs@lé%%?&m%yﬁy be
used with Idwdimwumacyopﬁuzﬂmﬁmmmyunﬂlong-mhmqs Forithe'fir90 days, be one
whi ch provi a 32- lLorit, which yarious infor t|on s 10
encoded in g”iﬁa WM@FP"E!{ mﬂéﬁnﬁ&‘é"m# Bﬁeﬁﬁhq’ﬁ Pﬁ"tefﬁ'“by
modi {1 1GS s ity the mumbert ' ehbenbding Wumwu g -

Files in a corrplgter g be retai nedﬂgfclcordl ng to the follow ng priority,

rated . - highedd fog §01days, intensity of access on each day) code O-no accessed
consistently ever S|n { iJ es used
consi stently recentl y%&p%&m&{dg? f%mﬁgt 3acces eoadﬁie:cdent ly, but
used consistently oveueaasdes;ngdmmoydﬂnﬁ4hnm . 4) Files
created on the | topu @ qr}t used rge entI ' 5 - Files

whi ch are needed “eri 3" d outside of their period
of time. g0 Fil es accessed once today. 7)
Files used only once sever al days ago. - BASIC PRRORITY  ACCESS
FUNCTI ON 3)  Average geriodof aetivity,in deyst y encodi ng may be creat ed

o pul ot 2"y S0 euyfe oo ERBRERY RHr of o " "™ 081 Lot 1 on o
the files. The p&)posAverageinthsity\ofacsey be i dentified, starting with the
hi gh " 6)  Current period activefinactive |
15 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.
20 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.

25 UPDATE FUNCTIONS _ _
Théopeuﬁngsystemmay'needﬁoupdatethéhistoryofaccess. There may be two
basicaocessﬁmtions;incrementwcesscount,mﬂupdnehistory The increment access
countﬁmct:onmayreqmreaccmtoammdateasaglobalvamble The update history
ﬁmcnonalsoaccessesthewmntdateasaglobalvmable
30 Onereqmrementformhmgtechnologyxsthatmchﬁmcnonsmyneedtobe
relatively fast. Thus, for example, the 80-day history need not updated every day, but
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order byte, as follows: | ) Consi stency of access

a) Accessed consistently recently, code: 3 30 b)
Accessed consistently, but not now, code: 2 C) .
Accessed consistently, but in distant past, code: 1 d)
Never accessed consistently, code: O

- 23- WO ST,/ 04393 PCT/USIGM1801

PCT/ US96/ 11101 - .2) Intensity of use _ . a)
Significant act ratherypnly,anee evesy10 days. The nine-day history maj pe updaged, for gxample,a;, o
significant act ipldnini ofondt 84fs. NOt precise c) Not
significant activity 5 Bgf d) % of days with.- no significant
activity - 8 states 3) Period of intensity

4) Period of Wmmiod of intensity - negative - mnakes

| ong period activity lower priority 10

Thus, a thirtgy-two biThisRiricén iy MGiife oy orerglinvent] agimely & pointer to Hbistery of | f
this is a generalization of the Least Recently Used al gorithm for a
file which has iscesss datastructue. In have pecessito i shi ng

R J
the priority of di{f er. ds'aﬁﬁ'g ﬁﬁﬁgdag- st Iﬁt%&inaéwhl %g;g]lgﬁ.ed IS
prioritization efrers #féa g ave ‘gen g%:cesse cocrlllggtﬁnt yf;al;ﬂ]sorre
15 point in ti iistdryof access softivare. The/iacrement ascesseonsatimaywpdate the history of last A
file caching algorith r(}vide one_signi ficant disk space to files
whi ch have %ﬁ@afnmg&d’ Wﬂ%ﬁ?’ﬁﬁy‘been accessed
consi stentl yjg There TRy Intfediett Altleds (Xunt functiohB6uld féthimlavalie of 0 ifiathiphrioityc h

all ocated di sk space. Utilization of such disk space may deg?f{}tﬂ upon
how many files w&mmmmmowmylmwmmeaﬂswd fow 20

many files havehﬁf‘&gof‘&%&isﬁﬁﬁﬂb%hiﬁféw“o history of acce¥s OFhil thidriition is
consi stency of access may conprise an | nteger va uesorf)-&._The ]
intensity of adikelgso bengsed tontetérminechowi rapidly ¢his filelaccess iofotrBation ngedsto beywritten
significant: actoin&’ié‘xa&i ving _
15 '
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
20 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
25 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

30 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-

=26~



percentage of days of activity during the period of activity, and coding

8-15 giving percentage of days of significant activity during t he’
period of activity. Percentages are 25 encoded sem -logarithm cally, 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: O-

5% e encoding of the period of activity nma rise an
i nt eger vaI W&MMQS gi vi ng the nunber of days in th @‘%ﬂ
activity. Thinencodl ng of thgl:gerl od of inactivi a%pnty 30 conprise i nt eger

val ues- 0- 255 bityfnerday bistogy fiel St-bit 80 day history.feld 185bit lopg-tegmbistoryiay of
inactivity; gagd8sbeing 255 days of inactivity.
- 24- ~ WD 97/ 04393

PCT/ US96/ 11801  This emgxding e be msed o

corrpl ete hi S%W%%%@é % E‘gﬁg“|!’6ﬁ§?ﬁ‘gss hi story

h| st ory. Bor anﬁéh@ﬂotwcmbeehmede "Fhisk, Aot evirfudl altthalive s a 64-

cont ai ni ng the I ntensity ccess gn each day Far I-on -term 5 hi story,
the nunbers P# Gﬂ!‘%@’ﬁ?@' é‘ﬁgﬁ)\ﬁ ﬁh@%ﬁ!?ﬂ ofiaepess

fol | ows: hx%r 1993, ﬂa@@ mfﬁﬂg access on
each day, coé 8’: no acce Bl m‘a%bﬂpo te(rjdl ne access code

2. 2 accees, codemmmmwmmﬂemhstoqmm code

o 1" o o e e G

4) AV ey0ag 220 v d cfitralffild laaﬁbnwhmmh&aaxge Aver age
intensity of access Cur r.ent eriod act | vel/inactive 15

7) Length of clg mﬁpmpmmmerweubmwed r fileaccess historyrencadingsthe n
current peri gfbcent invention may also be applied to databases. Another element of disk space
management may reside in which portions of corporate datshases are replicated in a laptop
in order to allow disconnected operation of business applications. In such cases, each
15 record may require 2 history of access. All of the techniques discussed above for file access -
historyencodingmayalsobeappliedtothehisto;yofaccus_ofindividualrecordsina'
database.
Some corporate databases e:nst outside of file systems Whnlesmaller databases
mayrestdeenhm!yonalaptoporPC largerdatabasesmayrequlreaddtnonalstorage For
20 wchhrgerdmbasegahuowofacsessformhlocaﬂytephmteddsubasemrdmpy
may be generated. Similarly, the techniques of the present invention may be applied to
messages in a groupware discussion database or the like.
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nt ation may be independent of all of the variations between
optlon m I LH Hliuser code to be independent of the internal
repres story of access. 20 Addi ti onal functions
may i ncl ude the Date of H story Access Function, which returns the
date of history as a 16-bit integer, This functlon may be used to mnimze
t he nunb VO 8TPBPes calls are made to the access priori F?T’Pﬁ?f@tl?odn.
The Today's File Access .Count Access Function may return the count of
accesses occurring on today's date. 25 CLABMSE FUNCTI ONS " The
operating systemmay need to update the history of access. Ther may be two

basi c access functions; increnent access count, and update history. The
i ncrenment access L Aonaﬁhodffulmodugaﬁhmlmteryaowwgthemnftent dat e

Curront date as a ol SBAR ”ﬁ’ﬂéte s gory e dara kel £ B BRERRAS I

technol ogy is tpgan Waﬁﬁ%ﬁ‘mﬂl@a&&sfoﬂ filé Dby odcifréd,
Thus, for exanp &%e 80- day hi story nieed not updated every day,  but
- 25- WO 9generatiaga current access history data field representing a level of access for the

PCT/ US96/ 118Q1 t he I 10 days. The nine-day history
may be updat Sd, %ﬂgﬁw@‘g@m’ﬁ%ﬁh@%m of once a day.

| NCREMENT ACCESS Wanwmwmm&éﬂmiﬁhymhlﬁmrfbmmne
argunent nanely a eﬁgrﬁleé% tor ccess (at aﬁﬁr uct ur e,
addition, the i Ref P@MMM@&@;@%G dile access

vari abl e corrprlahﬁ‘g today's date, in the 16-bit format which nay be

requi red by I story of access software. The increnment access count

may update the hi stmqmmgmﬁhmumesmmmmwmm?sda
Shoul d 1 ot url S6d 188 i ek tepm bistory duea Sei8 k' R TB MBGR MRcb g U101 | D7

history of access, Istofingthe filerapeesohistbty attribingén amemosyde to t he

2. The method of claim 1, further comprising the step of generating a long term
history data field representing t least average levels of access for the particular file for a
15  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.

20 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

25 datedataﬁeld,thewnmaccesshlstoryduaﬁeld,ﬂwneartemmaorydataﬁeld and the
long term hxstorydataﬁeldmto 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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hi story of access, and 2 if no change was made to the history of access.

Thi sy likely to be used to determine howrapidly thi's
fil e“ Eg@!mmlr}gmon needs to be witten onto the disk. 15

UPDATE Hi This function may take the same argunment as the
I ncrement function, a pointer to a hi story of access data structure.
It may al so use. the gl obal variable for today's date. The - ‘updat e

history fuf¥@PHMRay update the history of last access i nPEHESHALIN
structure to be 20 today's date. The update history function may return a

bool ean val-ue i ndtadingiafile mpiatenance history start dats abso data field,poveddn a he
structure Orm&%ry ' I NI TI ALI ZE H STORY STRUCTURE

This function s’ nvoked when creating a new history structure. The
initialize 25 hummwwmmunmm:mmmory structure to

I ndi cate today's but, ..no ac ess. |t furt her, take a 0| nter to
the history of a5€'@€l§m§t’r w ﬁl?é“"ﬁ?‘

enbodi nerng maa%ws al ternative errbodl ments of the | nvent i on have
been di scl.osed and. descri bed.: hereln ‘it. may be apparent to those skilled in
the art which vamstogiog theidiffegence psa ﬁkmlustmyrdagewonmwhc&tﬂe
departi ng fr ent on. . For
exanpl e, %W’@Fﬁ{w&éﬁ@“@"@% ‘contain the
infornatlon needed is this. 17-byte encodi ng; 16 bit date of history
field 221, ‘9-bit file agcess CoO '

-|26- ! S‘,@Ihgﬂeg@ggiclumu?whmsaidaepofmmgammdem

PCT/ US%idl?ﬁlidoompnsestﬁBJt igge-day history field 223, 64-bit 80 day history
field 224, and- 18-bit long-term history. - field 225 Thi s

encodi ng may be mmﬂgnpmomﬂmmdﬁhanmhﬂemdnﬁeldnpmmﬁngzﬁkg t he

art “ortre. 6eALhib e W ame PEw LTS et Heor 3ol e pcrie Bl the 10 "

anot her everﬁWﬁkmms a 64- bit file attribute which is

likely to utilize 16 bits of ;bégf hjstory field, 221,3 bits of access
count, 18-bit . ni ﬁﬁ"ﬂ‘é@g‘h PR PO g-t erm hi story

field 2245 runmngaprewouslystoredmmaccesshswrydmﬁddreprwenungalevelof
access for the parucular ﬁle onthe prevnously stored ﬁle aceesshlstory date,

" retrieving a previously stored near term hlstory data ﬁeld representing levels of
aocessforthepuuwhrﬁlefortheﬁrstpredetemnnedmmberofdayspmedmgthe
previous file access !nstory date and

20 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.

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

parucularﬁlehadocmrred,
. 30 retnevmgacumdateabsolutedatedataﬁeldstoredmamemory,

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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Nbreover whi | e di sclosed here as storing file access history attribute 220
mm](“u lllﬂ(ﬂlllﬂ oriding file header, it may al so be possible to store
f| attrlbute(s) 10 220 in a central file location or in

_another storge’ ar'ea: In addition, while discussed above as

bei ng used foyp, fil ccess h| story encodi ng, the prese 0866 n may
al so be appl |g'5'9[7’(9?38§t abases. Anot her el enent of disk spacergcll nawr?glgerrent
may reside in which portions Qf corporate da abas repli.cat a
laptop - in or deF‘Q‘PmﬂW ’E’c‘&ﬁﬁg ﬁﬁﬁgﬁlﬁ%%wgl&glsoil

appl i cati ons. |a8ce§%htlﬁ%iﬁi&ﬂaﬁﬂﬁibri@r£t pd ffbér ofdafs priecdding)theof

access. Al of the techni gues di scussed above for file access hi st ory
encodi ng may aIP!;QYl%'élY&W Wstmfﬁﬂitﬁsory of access of i ndi vi dual records
in a dat abase. . P’ﬁ“?“‘fﬁ%wd m{sq,ufde of
file systens. Wile sma ert dat abases may rrgaﬁtge ent| a laptop

or PC, largey d&amﬂapmhnheﬂufwehdddgmmpwommdggwwysmmmer
dat abases, a histqQry of access for each locally replicated database record
copy may @"‘b‘!ﬂé‘ﬂa‘!@d Similarly, the techniques of the present

it abase or 3 he. I | BetePing Trom the PRV Soréd vueh 424y iy ok Bk R
-27- presidusly sOrabear term history data field, and the previously stored long term history, a
PCT/ US96/ 11801longtumhinorydmﬁddrepresenﬁnglevdsofacoessforthepuﬁmﬂuﬁleforthe

| 10 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.

15 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
20 msfortheparﬁmlarﬁlemmepwviwdystmedﬁleaccesshistorydate,
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

25 access for the particular file for the second predetemmedm:mberofdays 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

30  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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CLAI M5 - 1. Anethod for encoding a file access history

ps of: generating a file access history date
WH mruIH E nting a file access history date upon one of which a -
e caceess istory and a file access for a particular file has occurred,

generatig a current. access history data field representing a | evel of
access for : articular file on the file access histqr

generating gaﬁglgég{)er m hi st ory data field representing | e&#’s‘ggqt’ﬁ%cess for
t he particular_file firs redet erm ned _ nupber of days
preceding the fil g QE\': P%‘i%ﬁ“] gtep of generating a long sesmyhistonydatan e
file access Igel isba bife gefield, the current access history data 10
field, and the near term story data field into a file access hi story

attribute, and  retrieving a previauslyistased filh access history date damaificidoepresettingiafiie e in a

menory.

step of gener"?ﬁerssng a Ioné’pgerm &rﬁ@f%%y%‘#@gr CO&#: 28 tge

| east averSag partieslsr file hid cveureels for the particular file for a 15 long term
period preceding the first edet ri negasﬂne%ﬁﬂof days ofthe near term
history," mwwm&n RO, conpri ses
conbing the file %ﬁfﬁﬁ,ﬁ curfeft ﬁf‘jﬁd“ FBEHIHIE ess
hi story data fiel the near ter | story afle an%st e ievé%?

term hi stor ymﬁwmemmu@ammmdymmwmwm 20

'guarrtlgrlrrit hod of M%Mﬁggﬁ%@ﬁﬁ%ﬁéﬁwﬁug r the

particul ap fh&agg‘mﬂ;apmcﬁlefor;ﬁm efniifiéd Yghbeitd g gmeprecedr ng
the first predeferm ned nunber of days of the near - term hi story but

after the | oﬂw mpeﬂ%msqssm@wm term history, wher ei n

said step of co =”ﬂ§f:§*5‘m51' !ﬁﬁ JP@mt ']*(59 Wﬂgﬁﬁs hi story
25 date dataflel}(fm urrent acce E’s or near term

hi story dat aaéuedfd:thapd'uuﬂcﬁleforthelmdtpmdmudngnbdaﬁm sprecidingtle a file

Sara stop of T RVt purbes of ay of e prefis @“@?@MM%W%%“‘” .

conpri sedst hbngttmenﬁd of the previously stored longtermlnstory,
-28-

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 -

20 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

25 current date.

9. The method of claim 8, wherem smd stepofgenerahngalongtermlnstorydata
field further compnses the step of:
generatmg, from the previously stored current access hlstory data field, the
30 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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PC‘I1 “ j’ Hll “al“‘ ~reading a file maintenance history start dat e
abs «tield stored in a - . nmenory, reading a

current date absolute date data field stored in a nmenory,

calculating a _difference between the current data and the fi | ance
history 5 stW@043%% and storing the di fferek%gﬁg%ﬁi&?
relative file access history date upon one of which a file

access
hi story and a 'fpeﬁedmmgaxpm@wmgin%mefmmmesemnd :

5. The nmethod q | nutbls | Epd':gdilg o?ﬁen‘i rating a near term

hi story data 106"%%@%0rmr| s?glsﬁ}ts e st @go : GkiE. retrieving a
previously stored file access history date data field representing a file
access history date up on f I C fil ccess histar file
access for the lldp&h PfWI@Gngb@ﬁﬁF’gﬁmmdﬁ%ﬁl evi ng
a current dage QpipidsinhelRye antPihe nédr brih Hist6ry Yitafeld-cofiptises yiine biirs of bits of

retrieving a previously stored current access history data field

representing a data eachqiir of bits withinthe ning/pairs:of bita representing afevel-of gpcessef one of
previously stored file e | SLOl V. retrieving a
previ ously st or%%?%ﬁﬁf@fw%ﬁ d representing | evels of
access for the particular file for the first predeterm ned nunber of days

preceding the - previous file access history daje nd, 2
generating, fromt hélpf@ﬁpﬁﬂ?ﬂf?m&w%?%wﬁamyw& d

and the 10 PéiibistiHo¥iapd, @ the Gaaierly Ristbrliith GEIN coifpribed eight proups BN 1 off

hi story data f representing i s of access for e file for the
first predeter ndate dachufivobits of datkrpprepanting-levelsoft ageess for ehetparticular filg forea ten days
6. The net hod of_.cl

hi story data mﬁ%m&w@%gwm&&&%ﬂ% ng a

previ ousl y st orfetn histoty et afterthidlonj cerm periddof the long terindhistarpr esenting a file
. access history date upon one of which a file access history and a file
access for the particular file had occurred, 30 _ retrieving

a current dase absol i erhd defhodfdlain €1, GWiittedi 1he lond té@miTisiory Yata field comprises

retrievig a previously stored current access history data field
representing a ¢ightesn bis of data, said eightesn bitsofidpt@ cOmPRSRE;| ar file on the

previously stored figg ifsoPisa pép?és&it%g‘lﬁ‘ﬁ@erage length of contiguous periods of inactivity
within the long term period,
four bits of data representing an average length of contiguous periods of activity
20 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
25 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
30 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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R et evi g 3 previ ousty stared near term
h representing |l evels of- access for the particul ar

file for*a'irst "predeterm ned nunber of days preceding the .. previously
stored file access history date, retrieving a previously

stored | on | story data field representing |evels ngﬁ’?ﬁ ccess for
t he particﬁréﬁwyf’ e for the long termperiod preceding the p ’(ﬂ'g‘tﬁw
stored near t'enm&ﬁtor ,- and, : : ' enerating, . fromthe -
previ ousl y ‘st or edSeuE m&@i{@%‘mfbmdﬁ‘@&b ofiie date data field in a pemosyous| y
stored near termﬂcﬁisﬂgxndﬂéq%"eﬁd'eel R ﬂF@nmg ' Eg'g?d ng:d erm
hi story, a | ong térm history g'g!tla gtl'e d rep?e&;‘gﬁ%ﬂgi‘?eve st&b%dtaccess
for the part Resgssing sequencefcomprising the stepeefond predet er mi ned nunmber of days
precedi ng-the first pr €I Dt ' r of S o o recedi ng.the current
Reto ek F ARy g e eiuding p P ;
generating a quarkistotyydate sutl @'fije aboéss history, fiohed fileconpri ses the steps of 15
retrieving a previousl tored file access history date data field
‘representing a file ")é‘d?"&é% W?mm@lmmmﬁs)dm
access history anﬂeﬁ.egl'bbe access for the particular file had occurred,
t

retrieving a curren at'é absolute date data field stored in a nenory,
“retrieving a previ ouslreadingo eutregt datecabsolate deteiatai fieldastoredimtaomémony,d

representing a |l evel of . aecess for the particul ar, file on the
previously stored fil ?Eﬁ@%‘%m&eww‘mm PNRERANES 5
previ ouslyp st or echifteR stdricdabe, hi story data field representing |evels of
access for the particular file for a first predeterm ned nunber of days
precedi ng the pretaring ghe difference injthe filecheades asu new relative filg acasss history
retrieving a previously stored quarterly history data field representing

| evel s- of 25 access for the particular file for the second predeterm ned
nunmber of days precedireciculating the file dccess historyoéiaties toitinechrrent duteto poddudems of -
the previously stored ar term history but after the |l ong term
period of the pre %&W Oy termhistory, and '

generating, fromthe ptotingtheresalclatsdofile sicessdistorpithefilehesienry data fiel d,
t he previously stored near termhistory data field, and the
previously stored quarterly history, a 30 quarterly history data field

representing | evels Atommtaseadable niehRdrPf Hirsctihgh cothpuleritd gederile & flo Abdess
history when used by the computer, said computer—readable memory comprising:

a first instruction portion for generating a file access history date data field

20 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

25 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 history date data field, the
current access history data field, and the near term history data field into a file access
history attribute; and '

30 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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pr edet er m ned days preceding the first predeterm ned nunber of
days HHllr“ l l he current date.
-30-

il /04393
PCT/ U896/ 11801 8. The method of claim7, wherein said step
of generating a long term hisstary-dat a. field conprises_the ste eps of :
retrieving a M43l y stored file access history date dat PGHESE1180
representing a file access history date upon one of which a file

access history and a sixth ipstoustion, porfion for jgenerasing 4/lena sernylistory datafield repressmting

retrieving a cyj l‘"ﬁ’iﬁﬁ ;ﬂﬁfcﬁlmﬁ o fefin { &,oap%gaﬁ the
retrieving a preV| ously-stor g curren%h% ccess ﬁlgsl#oary dat abf leld g
representing a firsthprédetermined numbec ofidays bfthe néaz teyawkistoryd ar file on the

i ously stored fil t dat . £ -.
D evi ousl 3 St or e ndHEreREs fydh BpHiciad Borfion for cpmbiping Sthef Pofar iy
access for. the Wﬂd%emdwmwwﬂmwmwm

preceding the previously stored file access hlstory dat e,

retrieving a prosetteoms higtory dataGeld, and therdong tesms history data field inta afile agnessdistary ng
|'evel s of @ RS for the particular file for the second predeterm ned
nunber of days %&% edi ng the first predeterm ned nunber of days of the
previ ously stored near term hi story but after the 15 long term period of
the previously stor t erm hi retrieving a
previously stored I ﬁ@hﬁ%’ﬁ%ﬁ‘&"ﬁ"é& fucthercompning e s of
access for yfe part'%ﬁ&&n&ﬁoﬁ&?ﬂ' ey éymm the first
pr edet er mi ned nunber of days of the previ ously stored near_ term .
“history and pr efepresanting levels:efiacerss for the papticular file for Gf-b'}‘@bﬁ"ft he

previously st or & nﬁ&q&ﬁﬁﬁh&?

previ ously storegsm e@%&“‘ép a fhysl t previ ous y
st ored near terwmmmmwmmm preV| ously stored quarterly

hi story, and L eVi OMS stored ni

history data field r%%gﬂfg’ﬁﬁchgg gb‘gﬂg%@%%ss Bor
the particulgr forbanﬁxﬂﬁgﬂ;elﬂvmésemogewmpﬁdmﬂewmm:y data field, the
pr edet er mi ned nunber gmo i& g\é]g, t he second Elrede ergglgled nﬁnber f days
precedi ng the Z2BPAEIgRR tg.field, and the long term history data into a file access history

attribute.

17. The computer-readable memory of claim 14, wherein said first instruction
20 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;
25 ammhmsuucuonpomonforcalwlaungadlﬁ‘erencebetweenthecunemdataand
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. '
30
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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9. The nethod of claim38, wherein said step of generating a long term

ggmum"m]lmf"mulmpeelp(rjeI/:J(r)LQF; g?glroreijsgarﬁgﬁt ?gggegfs: hi story data field,

the® 36 ptevlously stored near termhistory data field, the previously

stored quarterly history, and the previously stored Iong term history,
a long term.hi %@r data field further representing a | evel of access
and conti nu882 ﬁ%th of which level of access for the paPCTUSPeI88L; | o f or

a - -31- WO

97/ 04393 anaghth instruction pomon for retrieving aprevxously stored file access history

PCT/ US96/ 11 E%’E ey r '

pr edet er m ne nu er %ﬁi ays-an e SecC %@’u “%(‘\’?gfj@@é‘m&"éé&g{l’%%'ﬁ of
days precedingatﬁhaaccesfm'rthephﬁmlarﬁlehadocwrred _ 10 The met hod of claim?9,
wherein the first deter.m ne nber. Qf days | S I n ays, and
the near term hi & M P?ﬁﬁn ﬁﬁmgﬁﬂi@@ %Mﬂf dat a,
each pairs ofWﬁ.M@ the ni ne pairs of bits representing a | evel of
access of one of ni ne days precedlng the file access hlstory dat e.

11" The nethod ofe tenthingtruction ppstion for retrieving:a previopsiy-stored cuirent accessmsibary of

ol Ut or oup R (Sprefdiite o 6 of el 1B € kel e B W Bl kBRRIEC 7

| evel s of acacessshistorydates particular file for a ten day perlod during
t he 80 days precedi he first predetern ned nurrb of days of .{he near
$ ﬂ‘r?“ﬁé?‘?‘m oﬁ‘@fe‘g dsry. 15

term history but 88 HM%
12. The q@t hyach fidd leveld16F iRbéds Fd? the gaftitulaf zge prga% Gmideg! d
sai d er ght een ts o at a

conprises ei ghteen bits of data,"-
conpri si ng: numberofdaysnrecedmsﬂwmrmmﬂmashmw;mg an average |length

of contiguous peri activit I n e |.on er erjod,
four bits of dat&'?'gyw i@reﬁ% H@Y‘M%‘I‘F&M |ods of
activity 20 MMOWWWMMMWMMawm
MOrydmﬁddrepresenmghvdsofmcmfortheﬂefortheﬁrapredaummedmmbu
15 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

20 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

25 history data field representing a level of access for the particular file ontheprevnously
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;

30 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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perloﬂl our bits representing the length of the period ending
on th he first predet ermi ned nunber of days and the
second predeterntned nunber of days preceding the current date, and 25
one bit represent the | evel of activity during t he peri od_endj on the
day pr e ¥R 'Wvg3he first predeterm ned nunber of days- aﬁﬁ”ﬁﬁ%ﬂygbond
predet erm ned nunber of ... days preceding the current date,

13. A series of opemmgmmmmoomn&rmm&gm Abaprevionsly Hred TSt or
b f d ME f:
et ating & nal nﬂhﬁﬁaww&syt art 3“?e agﬁéé‘frg ga A e ©

generating a fi enance hi ate data f| eld

representing mmomlystmedlodgteandﬂstdrhalb@kgnmwmﬁddaprqmglw of
-32-

) 97/ 043
PCT/ US96/ 11801 access for the “&ﬁlﬁf?ﬁ&ﬁﬂ@‘%ﬂ%ﬂmﬂmmw dat e
absol ute dat We@}ﬂm bR preceding the current &#€.6SSi ng, in a
sequence, a ﬁu of fl|g‘£ storgg% a rrenotpf/ of a computer, said
accessi ng sequence conprising the steps of; retrieving
afile history attri
hi story date and a Iﬁ&g%nﬁg&ﬁ%g#wﬁﬁ%q? %ﬁu&ﬁkﬁdmmon :
reading the fi Immtmhqﬁmﬂyhﬁwdatdﬂélecmaﬂe date data field
from t he, nenory, . . in urre dat e
absol ute date data HMWPHPMFRSWMS‘W““%ME& nl“
- calcul ati ngy@ ighd SLAGE g8l H%%&'ﬁﬁoﬂoﬂ@éf&ﬁ&niﬁiemmmry

mai ntenance 10 I story. start date toring

t he difference mdatﬁheacbe!ﬁ&rttmumﬁkmmedt ive file access hi story
dat e, I e
to the current dateﬂ%%l%&&%&%;%%hgmml e access%gg%lg

and 15 stored in 2 memary;ori ng the recal culated file access history in
the file header. sheenth instruction portion for retrieving a previously stored current access

15  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
number of days preceding the previously stored file access hlstorydate,

20 a seventeenth instruction portion for retnevmg a previously stored quarterly history
data ﬁeld representing levels of access for the partu:ular 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;

25 " an eighteenth 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 represeating 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.

five blﬂﬁhﬁl @ ' thetotal nunber of periods sanpled in the long term

30 | | |
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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14. A computer-readable nenory for directing a conputer to generate a file

aq ' when used by the conputer, said conputer-readable °
"amumulul“"mmum a first instruction portion for generating
a filé atce¥s history date data field 20 representing a file access history

date upon one of which a file access history and a file access for a
particul ar &o %"P%ﬁ occurred; a second instruction portion for
generati ng f t access history data field repres é? Tevel of

. access for the partlcul ar file on the flle access hi story dat e;
a third instructi okhnipeeentlvinstrustion pertion for fefrigving-2 previously ﬂb@dﬂ%&hﬂﬂtyel d

b eclet or n naq aote Sl bocHRE e Biopd lond e bl e f tfe e ok blory
a fourth instnn:tlﬁblacqess’brﬂlepimculmﬂlbhaﬂa@uﬁbd; file access history date

data field, the current access story. data field, apd the near,.term
history data field® WH"& rP XW EPFPP'S’BF%E‘ d

a fifth instr yerddGa ol for storlng the flle access history attrlbute
in a nenory. 15. The conput er-readabl e nenory of claim 14,

fufther conprisi ngatwexuy-ﬁrstmsuucnonpomonforretnewngaprewmulystoredcummucess

PCT US96/ 1180@%3368&%%%%% 2 Jeve! of acest for s or?"“&‘\‘f%‘ﬁ%é‘?"é@’h%ﬁ"&ti ng a

| ong t er m hi ssiored filkedcaess histoty detgr esent i ng at | east average |levels of
access for the partjcular fil.e for a t erm peri od cedi t he
first predetern neY Wﬁ&?@%@%’gﬁ@ F%%‘?"P"Bér &&‘f(ﬂ"}"{]&”

wherein s 'd g Rvels Bech& grﬁh.gé‘m ffst CONpri ses
i Mﬂa“r‘%l ni ng of L I story a?

i nstructions for co the file acces e data field,

the current ptedammdsmmbyr afadays preceding therpreviously stored file acorss iisorydateriat a
ety e Ot o3P 5 g B 4 e il
further conpr idafigld representing levels of access for the particular file for the second predetermined
number ofdayspreoedmgtheﬁrstpredetexmmednumberofdays of the previously stored
15  near term history but after the long term period of the previously stored long term history;
a twenty-fourth instruction portion for re;ne_vmg a previously stored long term
history data field répfesenting'l_ew'r'els of access for the particular file for the long term period
preceding the first predetermined number of days of the previously stored near term history
and preceding the second predetermmed number of days of the pmv:ously stored quarterly
20 history; and
. a twemy-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
25  period preceding the first predetermined number of days and the second predetermined
number of days precedmg the current date.

22. Thecomputer readablememory ofclann21 wheremsaldsn:thmtrucuon
pornonforgenemhngalongtermtnsto:ydataﬁeldﬁmheroompnses
. 30 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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a seventh instruction portion for generating a quarterly
hr stﬁlmﬂﬁ“mﬂumﬁmu representing | evel s of access for the particul ar
file det er mi ned nunber of days preceding the first
predef erfri ned nurber of days of the near termhistory but after the
long term period of the | ong term history, wher ei n_sai d fourth
i nstructi on pdV@PHMNIDr conbining further conprises instruct PGHUSY4180

conbining the file access history date data field, the current access
hi story data frawﬁduﬁmwmmmamqﬁmaydmpmmm evel gfhg -

17" "he comput PRP Iy REREIE A1t RNt Bh fiokay precedil b i ©

instruction 20 mmﬁmmmmmmmmmommﬂer d

conpri ses: an sixth instruction portion for reading a file

mai nt enance hi sEWFERtd®er ¢ date absol ute date data field stored in a
nmenory, 5 a seventh instruction portion for reading a current
date absolute date data field stored in a nenory; 25

ninth instruction ponlmmmmmmmmmmrent

Lanth 1 mst ruct | DA A0R cPomast ot ShyS, e o By A el i

~ access history mﬂmau@m?ﬁrefmmmmwensmamw file

- access for the parti cul ar file occurre 18 The
conput er - r eadabfecespafone ofstinedays s&rmm%ed i nstructio
portion for 1generatr ng a near term h| story data field conprises:

- 34- WO 97/ 04393 i
PCT/ US96/ 11801 24. The computerrreadaple memmoryiof claim 23, wherein thesetond predetermined g

2 i e access iy o iiys BSGRHRe B0 diviabd she gpan S iubtf e S el SR | 10

and a file accegﬁ:uioofﬁdeenoafmuchrﬁvébhmﬁmdmmmﬁmwdsofmforme a

ninth instruction portjop for retrieyvin rent e date data
f:e|dl Strucet ik A.Iegr dayper%ddulnngthess precegiggghe
15 numberofdaysofﬂteneartemhnstorybutaﬁerthelongtermpmodofthelongtem
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:
20 ﬁmrbnsofdatanpresemmganaveragelengthofconuguousmnodsofmcumy
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,
25 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
30 days preceding the current date '
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Stored in a nmenory; a tenth instruction portion for

usly stored current access history - data field
Wﬂﬂmnﬂmmm of access for the particular file on the previously
s ok edc en *access history date; an el eventh instruction
portion for retrieving a previously stored near term history 10 dat a
field representing |l evels of access for the particular file for the first
predet er mi MWQIS74393  nunber of days preceding the previ ousPERP6ABELss
hi story date; and - a twelfth instruction portion for

?en?a(rjat i Sg, hf rom%hdmfthodﬂmsicdpdmgawthemﬁmwménmmgﬂsi?psbﬁry dat a

ield and the prevjously stored near mh ata fie a near term
hi st'ory data flew@s’m 3%‘?’!%6? ?&@m 4% the first
pr edet er m neldstodyriaterupddone dffwlﬁkﬂbﬁeﬂfr&ﬁﬁikﬂﬁstory Mer&ufdrﬁaéssﬁ:ahmcula:

19. The corrputer-readabl e nenory of claim 18, wherein said sixth

i nstructi on réeo for generatlng a long termhistory data field

conpri sesg *!'r%wﬁéﬁ f ing a
previ ously storeﬂl I e access h| story -2 at at a *Wr"g%ﬁ%s?gﬁtlﬁ%g a -
file access particular yecordton therecord sccess histbwyadatea fil e access history and a
file access for t | curre

fourteenth i nst_rté%‘@ﬁg ﬁ%%?”r@ﬁ%%%mgm%?f'&%%%%m ute date

dat a f i gakribular fecord fora firstredtetmined number of days preckdihg ®e Ricbrd do6ds¢ UCt i on
portion for retrieving a previously stored current access 25 history data

field repres!!ﬁ?'i!'r‘?@tea | evel of access for the particular file on the

. w4t th
previ oushy gtﬁd&&r@%ﬁm eV| ousﬁﬁﬁhoremrcﬁenrtle%cﬁﬁt er‘ﬂ?%s ory

i nstruction portlon retrreving a tory
data field rfeid oadatheneaytmmwyd&tadieﬂemsafrwordmammmetnﬁde for a

first predeterm ned, gber days.precedi ng the previously stored
file access hi st 8fonng Eﬁe ?“’t X“%“%WM@%Wh i nstruction portion
for retrieving a prew oust stored Iong termhistory . data field

representing |evels access for_t articul ar f|Ie for the Ion erm
peri od precéd H'Sem&'g M&ﬁ%ﬂﬂé& geun

- 35- 15 history dﬁ’@ﬁ%ﬁ/rﬂﬂs&amgatleast avemgelevelsofawessfortheparucularrecord fora
PCT/ US96/ 11 81:ng 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,
andthelongtemhstorydataﬁeldmtoarecordamhstoryattrnbutc.
20 | | | |
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
25 whemnsa:dstepofeomblmngﬁmha'eompnmcombmmgthemordaccess
| MOrydawdmﬁdithecunemgeeessmstorydamﬁdd,thenwtemhstoryduaﬁeld,
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
30 date data field comprises the steps of:
reading a record maintenance history start date absolute date data ﬁeld storedina

memory,
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én'él iteenth i nstruction portion for generat| ng, fromthe previously storged

cur ul ul ﬂﬂrmﬂ history data f.ield, the:-previously stored near term
hi s and the previ ous| y stored long termhistory, a

I"ong - term hi st o'y data field representing | evels of access for the

particular fi I‘g e second predeterm ned nunber of days gd/ﬂgnthe
i oelbebd peg bt

5 first pre ed nunber of days precedi ng the current
20. The conputer-readggle nenor

Ialm ﬁ@fe' sai d seventh
instructien °  por date ?feﬂ BOat a fiel d

conpri ses: mmm@thWe@mm&nmmmmw

previously stored file access history 10 date data field representing a
file access hi sHutgatg upon one of which a file access history and

a file access for thg Jiﬂér@x?ce W pe 0 hich a
fourteenth mstructmr@?ortlon or retrieving a curreﬁxd‘éamn Ute date

data field § reeordmhutoqmémrdmfortheparnmhrtwbtddmbm&t ruction
portion for retrieving a previously stored current access 15 history data
field representing a |l evel of access for the particular file on the

previously St GJoc i intefhod Of Sfitn 78, Whefelh sdi¥l step of generating a near téniHistérgent h

instruction portion for retrieving a previously stored near term history
data field reprdaeficld compriscathgsteps ofccess for the particular file for a

first predeterm ned HFE%E o ;uﬂﬁ %gﬁlgg g@n*"ﬂn@r 2cd
file access history 5Ia¥e gg 7t a seven eenr‘{g mg%tgﬂl? n portion
.for retrievig mmnmm@dnqnmﬁmmmmmsmmmmwm
representing Ie of, access .for the particular file for the second

pr edet er ni ned Pﬁm‘?@é\‘ rd °°b"r"$‘£edi ng the first predetermined -
hunber of days of tfﬁ%ﬁ%awmwﬁﬁumwwm%hmafyy but after

the long term perlod of the previ ously stored | o term history; and

25 an ei giretsieyinga previopsly stpred cument aeqesy Mw«mﬁmd

previ ously st orggﬂﬁ Mﬂﬂyngﬁh wgl ously
stored near ter stori}i 5ata ﬁcgﬁpoi and the preV| ously stored
quarter:cy htlf]tory tmlik feptey:o?d;}:reymmmwddmﬁmmgns% Mmhd
access for e particcular file for g‘agﬁ%ong RLE ef &r ays
preceding the ™ f? ‘W“&ﬁ h a'ﬁ‘g{pﬁ% &

current date. Sﬂ-ewousremrdamsslﬂs%orymmrrputer-readabl e nmenory of cl ai m 20,

wherein said sixth instructijon for generating a.l.Qn erm
history data field ESAfFigeTom thel""“"‘&? current stoess hist gmﬁelgﬂgdtthe

-36- previously stored near term history data field, a near term history data field representing
20 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
25 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
30 access for the particular record on the previously stored record access history date,
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| Tmﬂﬂml i'l Jm a nineteenth instruction port i‘'on for
ously stored file access history date data field

WD 97/ 04393

»

représentihg & file access history date upon one of which a file access
hi-story and a file access for the particular file had occlirred;

a twentieth instruction portion for retrieving a current date absol ute date
data fiel d W89¥¥M3Bed in a nenory; a twenty- f PERUSI6HOE uct i on
portion for retrieving a previously stored current access hi story data
field representi ngﬁmgtpwvbﬁslmnomdme&aﬂmﬁmmﬁeldmiehﬁwwufe

previ ously e _acCCgesSs t o,

Pivent y- e ortorss B eCiarticetel cBRERT » Bt pititertiied pumbes of drpocrcptBe B et near
term 10 hi stmﬁoﬁb@tmﬁawcdrdrmeﬁmml evel s of access for the partlcul ar
file for a first predeterm ned nunber_ of dae;s ﬁrecedl ng the previously

stored file acced$ufyRg pgmeggl%storedlongterm uction

portion fer gtk %éwﬁ.?*bﬂﬁ W&ﬁé&ﬁ,ﬁw“} stored 2t @
field representl ng | evels of access Wt&ﬁ:e particu o)r the second
pr edet er m nemear term histonyy@and of days precedi-ng the first predeternined .nunber
of days of the prevr ous| red.15 near term histor u frer the Iong
term period of t 10 %B’Et'% ’F‘UP@ W’EW‘R‘&“&&

tmnty-fourtﬁt&wmwmumﬂym tiddQHd ua#mlhrmﬁ al ong
representln Ieve s of access or the

term history data fiel
particul ar flPFE:“F‘Bﬂ"?"I% é 5°'°°eﬁ§

o et o 10 e i i o e ‘#Wh‘é"’%?ev ULFLY

st ored quar tpretegding@he cuiresttdatey, and - a twenty-fifth instruction
portion for generating, fromthe previously stored current access
history data field, the previously stored near term hi story data field, the

previously %tzomd&lﬁﬂto?ak%ib WheXeih said'3bp of 8 itdrierty hisloBd | ONg

term history Iong term histor) data fiel representlng at 1 east
aver age | eve‘f%a@’ m%m part icular file for along term?25

period pygceding W&Bﬁa Fiddfflacostd Bifory daté! s i@l Feprddaming & 0N d

pr edet er m ned ys pr eceding the ‘current date.

22. The corrmgwﬁwaﬁdmwdn@myonﬁo fovhichra reqord aeressdiistory andja eecqrdigccess
I nstruction fortheg%g@h%cgrawg&ﬁﬁ@' ng a long termhistory data field

further conprise Wenty-sixth instruction portion for
gener at i ng, fromreﬂ\ewmemrmnsﬂgtesﬁsommawmﬂdstoredmmeq hi story data

St or ed quar fer 1 y THREYRE § By Aere PR adiew et tn i erretening U §F
| ong term)himmmepammrecordmtheprmouslystoredmordmsmamydgte - 37-
mnievingapreviouslystorednwtmhistorydataﬁeldrepnsenﬁnglevdsof
acousforthepﬂculumwrdforaﬁrstpredetmnedmmberofdayspreoedmgﬂle
previously stored record access history date,
remwgammouslystoredqumeﬂyhstorydataﬁeldmpraentmglevelsof
25 wmsforﬂxepuhcdurecordformesecmdpredaemnednumb«ofdayspmedmgthe
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 storedneirterm history data field, and the previously stored quarterly history, a
30 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. |
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PCT/ mﬂm “I'IJ ||“Az:ta field further representing a |l evel of access and
conti ich level of access for the particular file for
a period end| ng on the day preceding the first pr edet er mi ned nunber of
days and the second redet er mi ned nunber of days preceding t urrent
Rt Herosgongft

date 5 23. The conputer-readabl e menory of cl rein

the first predeterm ned Junber of days conprises nine days %Hd the
near term history daaammémmgaswmmdneppémﬁ

each pair of bi &5'@"[‘& opairs of bits representing a IeveI of
access of one #&nl ne ys pl’ngﬁl ng the file access h| story date.

24. The conput er - r eaetribiing spravioyslystored escordagcesnhistory dat ﬂ@%mmmsa
pr edet er m ned nunbet 0 S C #‘Hgﬁr‘i

hi story data flrﬁ‘F‘ﬁd ﬁ\‘%ﬂd&f’g‘ pen wﬁ@%ﬁ&‘%&%@&g‘”&% ta, each
five bits ofs daghpthe f access for the particul ar

file for ten day perlod during the 80 days preceding the first
predet er mi ned 15 numettieving a eusment M%ﬁﬁlﬁmmm‘wter the |ong

term period of the %éq%,es'ggﬁlg

conput er - readabl e ﬁ%@%ﬁ%ﬁ%ﬂ@ﬁﬁ%ﬁ% ?%ng termnisto ;lﬁvg%%f

field conpri sew,.ﬁﬂpﬁ&h@oﬂaﬁﬂhemdudyg@mﬁmmﬂmm

- conprising: 20 Jqur bits of data representi aver age .l h of
conti guous periods JFFYIRER '9‘? stored ﬁ&ﬁﬁ?ﬁ dﬁﬂﬁ@éﬂﬁ"wﬂ%&'

four bits ojg dajege s&ﬁ?&mﬁmwﬁgmdmmﬁpm&hﬁmmw gays precedinig thels of

activity within the |long term perio five bits representing
the total nunbepredouslycstored; wdmewhstnmdntemng term period, 25 f our

et o o edot or APREAE, fisoudy oRS i ARy AR A Rt @b O 11

nunber of days mmwm:mmm«mmddmm@m
epresont 1 10 U | il gl s L By i e
predeterm ngsl nu@mg&mmﬁmmmlwgmmmt dat e
retrieving a previously stored long term history data field represennng levels of
access for the particular record for the long term period preceding theﬁrstpredetemnqed
number of days of the previously stored near term history and preceding the second
predetermined number of days of the previously stored quarterly history, and
20 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
25 current date.

34. The method of claim 33, wherein said step of generating a long term history
data field further comprises the step of '
generating, from the previously stored current access history data field, the
30 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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HII " UI 26. A netod for encoding a record access -
the steps of: - generating a record access -
h| story a

te data field representing a record access hi story date
upon one of which a record access history and a record access for a
particul ar record has occurred, 5 generating a current

access hi sMRYMABa field representing a level of accesBCTHPS{1HA0I
particular record.on the record access history date,

generating amﬂWMWtﬁerMWWWMS for

t he par lar rec rd r a figst, predet mned nunber of days
precedi ng t héP r?@g%‘?'ﬂeél ‘? “ﬁ?‘@"ﬁﬁ'@ &i conbi ni ng the

record access history date data field, the current access history data
field, and the near term history data freld |nto a record access history
attribute, and Themrethodf ofdays i bute in

a nmenory. 2 ing the
step of gener ” ng gmfo @rm%%%%ﬁepre t%i?ﬁggsr&gts | east

aver age | eveldatap&whpueeﬁb:fsomlﬁlhemepmmdfhhsrep,tewﬂngolevetofaccessdfongoﬁ erm
peri od precedi n he flrshqpred term,ned nunber of days of the near term
hi story, hé’ﬁ"r&tﬁ“ﬁorrbi ni'ng further conprises
conbi ning the record access : history date data field, the current
access history datafreld t he near termhrstory datafreld and the

| ong term hi st or y 3§aThe methpdiof glaim 35, wherein thenecond predetermingd aumber ofidays 20

czrﬁar trgrel ;/T?d h%mﬁﬁl St owﬁé‘qﬁh epr seat%%ﬁé%swbogé gsﬁ%%éﬁsg?

particul ar r aiata; eachdive bitsxf datadepresenting mwmmmmanmwmmrmedl ng

the first predet rmned er of _ days_of the near t er m_hi story but
after the | orf§t m Wﬁgﬁm radetermined pumber of days of the neagy o o

sai d step of 4 WQWW MM record access
history date data field, the current access history data field, the near
termhistory data fieId, and the long termhistory data field into a

record acgess hi sh9r fn@nbthbdbf Gaim 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
20  within the long term period, _ .
ﬁveb:tsrepreelmngthetotalmmberofpenods 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
25 ' onebttreptesennngthelevelofacnwtydunngthepenodendmgontheday
preceding the first predetermined number of days and the second predetermined number of
days preceding the current date.

38. The method of claim 26, wherein the r_ecord comprises a message.
30
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29. The nethod of claim 26, wherein said step of generating a record access

hi story 30 date data field conprises the steps of: reading a
record mai ntenance history start date absolute date data field stored in a
Trenory, - 39-

WO 97/ 0393

PCT/ US96/ 1180 WO 97/04393 reading a current date absol ut ECURRE M o
field stored in a nmenory, calculating a difference between the
current data and the record mai-ntenance history start date, and

storing the difference as a relative record access history date upon one of
which a 5 record access history and a record access for the particul ar
record has occurred. ~30. The nethod of claim 28, wherein
said step of generating a near termhistory data field conprises the
st eps. of : retrieving a previously stored record access history
date data field representlno a 10 record access history date upon one of
whi ch a record acege —g ) G record access for the partlcular
record had occurr§

data field storedff
current access hif{
the particular re
15 retr
representing | evellgh
predet er m ned nunbeime
hi story date, mmf‘_*—~—-—-
current access h

hi story data :_,,_,“_ m"
of access for
precedi ng- t e

Qi rieving a current dat cpmmessdt

NETWORK operaTiNG sysTem| |~

|
-
115
150
150
[~ 140 ee* [
‘\\100

FIG. 1
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81. The nethod of claim 30, wherein said step of generating a long term .,
hi story data field conprises the steps of 25 retrieving a
previously stored record access history date data field representing a
“fecord access history date upon one of which a record access history and a
record accessy, m{’gr the particular record had occurred, permssenisor
retrieving a current date absolute date data field stored in a nenory,
retrieving a preV|oust stored current access history data field
representing a level of 30 access for the particular record on the
previously stored record access history date,

40- WO 97/ 04393
PCT/ US96/ 11801 retrieving a previously stored
hi stoy data field representing |evels of- access for th i cul ar

record for a first predeterm®™ed nunber of days preceding th
previously stored record acc hi story date, r
previouslyedtored long termhigtory data field representing

access for §the p

previously or ge ing, from
the previouslfy Stored current access history data field, the

previ ously 0 Termini story and the previ j stored

| ong term hijstqry, |a | gng term hi st n field represpmthg | evel s

of access fdr tthe gdartijcul arf record for t 0 | second predetkrm ped

nunber of dgys {prededing thgq first predet ne nunber of dpys-
precedi ng tHe durrdnt dat-e. . ffhe net hod of gl aijn 30,
wherein saiq stlep df denergting a quarte iptory datp figld
conprises tHe qtepq of:| 15 retrieving a prg*tously stpred}record
access histdry |datq datla figq d representihg p
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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 nenory,
retrieving a previously stored current access history data field
representing a ley of 20 access for the particular record

prgviously gt&?ﬁﬁmﬁg%ord access history da?e, réﬁﬁﬂigé?ﬁgla
previously stored near termhistory data field representing |evels of
access for the particular record for a first predeterm ned nunber of days
precedi ng the previously stored record access history date,
retrieving a previously stored quarterly history data field representing

| evel s of 25 access for the particular record for the second

pr edet er m ned nunber of days preceding the first predeterm ned
nunber of days of the previously stored near termhistory but after the

|l ong term period of the previously stored long term history, and
generating, fromthe previously stored current access history data field,
the ° previ ously stored near termhistory data field, and the previously
stored quarterly history, a 30 quarterly history data field representing

| evel s of access for the particular record for the second
predet er mi ned nunber of days preceding the first predeterm ned nunber of
days precedi ng the current date. '
-41- 33. The nethod of claim 32, wherein said step
of generating a lo L FRiH data field c =SSyt eps of :
retrieving a previ : cord access hi st or yp-getre-te 41 d
representing a eroro hi story date upon preof 'chLa record
access history and ecpT i s 5 for the partifqgtgrT ahd
occur ed, jg?' a current date absofqrgstiatie dafal fiel d’
stored in a nenory, ‘retrieving a previolsTy stored current
access history data field representing a | evel of access for the
particul ar record emtr gyl y stored record acEgsy 113 Oht e,
retrieving a previ Py Ft o @ar term history dat g I8Erd Fepr ESenti ng
| evel s of 10 acce§sfr1pr efpargi cul ar record for i rjst] pk edet ef m ned
nunber of days prege gl tlhe previously stored pgcdr. s _history
dat e, [ i gviing 4 greviously stored quactdrlly tbry data
field representing | evels of
X
X
X 1X
A
FILE1
FILE2

FIG. 3
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&ccess for the particular record for the second predeternined nunbeR T3P .

._days precedi ng t-he first predeterm ned gwgb?zom ﬂ.ay,s of t he O)P‘?
pre\uously stored near termhistory but after 57" I'ohg termperlod of
the previously stored long termhistory, retrievi g
previously stored long termhistory data field representing |4 of
access for the pPEIEul ar recwrp @EMHECN 0d precS@Mg t he

b tors OB ERBATINAL eI oBLishiad e, T PSR e %&Eﬁ&r@qﬁr@ﬁm

pr evi oussy micatiaas PaenfChssiidation i St Or v, | and| (i International PubBativa Nadaberd f 1 WO OTD4393
previ oupl y gek@hfte current access hisfauyl data field, the revi ousl|
stored hear term history data field, |[the|l $)Wmatioasl Publicatipp Dage:y | of 997(06}{”7)
hi storyl  and the previ ously ore I term h| st or a | on ermB

hi story mmm'm"eawéﬂ@m ng XET & qﬁg@ ’@Eﬁg ety
the parfhf ekl FRhEbate®” 2 | Q8 196 (6 )I od pisgeedi ng'the first

predeterm ned nurrber of days and th econd pr edet er mi ned nunber of -days

pr ecedi ?%gscurrent dat e. Publishea>: 1he method of claim 33,
wher ei n ‘%ﬁtg‘?% 1798§19953i7i0f) a Iuarg T € With Rierndsibiatbearch repart, dat a fi el d
further t he s24auprilads6 ( generating, fromthe previously
stored ,urrent access history data flel d the 30 previously stored near
term hi bgHyputhat emkbe o UG v,,r,e matiored quarterly history, and

t he prer(?ousszy.sﬂbwmwmcﬁgﬁ,[ % 4234 | ong term history data field
further|repr®8enting a e eveI ~accgss and continuous | ength of whieh

| evel O] pighans Hiftion!ras, i’aiﬁ Wetiatingof &R0 |f O 2
MDOVH4B4 BS

42- Sunnyva

PCT/ US9p/ 1180 eri od n day preceding the first

pr edet ef éﬂ} n%g A’“'L%&ﬁ&ﬁé‘@ d. pr edet er m ned nunber of
- days préecedi st current dat e. - 35. The nethod of claim 34,
- whereinjthe first pr edet er mi ned nunber of days 5 conprises nine days, and
~the neaf termhistory data field conpriseq nine pairs of bits of dat a,

each palr of bits within the nine pairs off bits representing a | evel of
access pf one of

(54) Title: METHOD AND APPARATUS FOR ENCODING HISTORY OF FILE ACCESS TO SUPPORT AUTOMATIC FILE
CACHING ON PORTABLE AND DESKTOP COMPUTERS

(57) Abstract

A file access history attribute may be
encoded and stored with a file in a computer
memory. The file access history attribute
may provide information as to the date of
most recent access and the level of access on
which date. In addition, the file access his-
tory attribute may provide information con-
cerning recent file history (e.g., previous nine
days), quarterly history (e.g., 80 days pre-
ceding the previous nine days), as well as
long-term history (e.g., beyond the 80 day pe-
riod). The encoding technique of the present
invention may compress file access history
information into a compact file access his-

attribute (e.g., 8ix to twelve bytes). Disk ' 110
';?hm; software, for mainteining files in a NETWORK OPERATING SYSTEM| | ("
hard drive of a local computer coupled to a 7

network, may utilize the file access history at-
* tribute in deciding which files are to be stored
in the local hard drive and which should be 115
migrated to network storage or archive. A

- file history maintenance program may oper- 150
ate as a background job to periodically update 150
file access history relative to a known main-
tenance start date. ]
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fi ne days preceding the record access history date 36.- The
nmet hod of claim 35, wherein the second predeterm ned nunber of days 10
conprises 80 days, and the quarterly history data field conprises eight

groups of five bits of data, each five bits of data representing

‘level s of access for the particular record for ten day period during

the 80 days preceding the first predeterm ned nunber of days of the near
termhistory but after the long termperiod of the long term history. 15

37. The nethod of claim 36, wherein the long termhistory data field "

conpri ses ei ghteen bits of data, said eighteen bits of data

conpri si ng: four bits of data representing an average | ength

of contiguous periods of inactivity within the long term peri od,

‘four bits of data representing an average | ength of contiguous periods of
activity 20 within the long term peri od, five bits )

representing the total nunber of periods sanpled in the long term period,
four bits representing the length of the period ending on the day preceding
the first pr edet er mi ned nunber of days and the second predeterm ned
nunber of days preceding the current date, and 25 one bit
representing the level of activity during the period ending on the day
preceding the first predeterm ned nunber of days and the second
predeterm ned nunber of days preceding the current date.

38. The nethod of claim 26, wherein the record conprises a nessage. 30
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