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STORAGE OF Gﬁ&? DATA Background of the Invengggnﬁ%ﬁgé
rent

The- present ‘invention relates to hierarchical stor

of conputer data files. The vol une of data stored on
per sonal conputer hard di sks, acting as nass storage devices, has
i ncr eased rapidly over the |ast decade. This is particularly true
10 of data held on network file servers where hard disk

sub-systens of 1 GB (gi gabytes) o L

t housands of files, are now commo E _6ﬂﬂﬂfﬁi BRE Typi cal ly,
many of the files on a network file - server will not have been
accessed for sone Haickgrodhd Sofl The Inven be for a variety of reasons; the
file may be.an old version, a backup copy, or may have been kept
just in case it mght one day, be needed. ' The file may in fact be
total |y Pedundant; however G%FyPFﬂéeEﬁw%ﬂ”ﬁﬂtﬁﬂﬁerF?FEeixﬁP hierarchical

identify it as sucliprage wanagmmeant bf tbwphtér darakgllesor 20

backup/ security reasons. GCagd ¢oiRMd i & JHACHoLed U885 Ssonal computdPat
if in doubt files sgguld be kept, i'ndefinitel

b ¥. Thed . h nat ur al 4
consequence of thPE*RsIEHET. ARFiRg: §5PRRS 1F19%R9R evices, D3R, yiFrerge
files. This happewepridlyioveriithe daerydecade. Thig dsopavetewiarliyasaue

per sonaligconput i ng£sist£MdID Bl Retwdrk file dthler@Sivhife tifrd atigRst .

Hi erarchi cal Stor - ( | no Clni g or
resolving this pr%gﬁe%'gr%@_l Eﬁ'\/’(gigap%%?sl)néarsgso ém%%%%%ﬁ gg‘?gcord
of the |ast date iRgusands of filpge are|RewV RAAHPARAER-(ie witten to).

Many al so 30 mai nt ai Fypicaby d mnyt [of kthet fiihés amc merwoakf £ike was
accessed (ie readghead win HeM aYsLeprPe dQlidld ¥o2C88Re time. Thikhe
list of .files on a hagd | Sk, checkin% the last he f£il acgessed

date/ti M8 of each™¥iP% ¥95 & YAZiRbY BETeIR/F; the file may be.an old

version, a backup copy, or may have been kept just in case
it might one day be needed. The file may in fact be
totally redundant; however only the owner of the file can
identify it as such, and consequently the file is kept for

20 backup/security reasons. Good computing practice suggests
that if in doubt files should be kept indefinitely. The
natural consequence of this is that the hard disk fills up
with old files. This happens in virtually every
microprocessor based personal computing system from the

25 smallest to the largest. _ '

. Hierarchical Storage Management (HSM) is a
known technique for resolving this problem. Most
operating systems maintain a record of the last date and
time a file was updated (ie written to). Many also

30 - maintain a record of the last date and time a file was
acceésed_(ie read from). An HSM system periodicglly scans
the list of files on a hard disk, checking the_laét
accessed date/time of each. If a file has not been used
for a predetermined amount of time (typ;qally l1to 6

35 . months) then the file is archived, that is it is
transferred to secondary storage, such as tape, and
deleted from the hard disk. _

~ HSM is typically integrated with backup.
Consider a tape backup system with HSM facilities in which
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for a predeterm ned anount of tinme (typically 1 to 6 35 nont hs) then

the file is archived, that is it is transferred to secondary

st or age WOAQe/I89E t ape, and del eted from t he har BCuicBe5/02817 ..
HSMis typically integrated wi th backup. Consi der a tape backup
systemwith HSMfacilities in which WO 96/ 18960

PCT/ GB95/ 02817 : the inactivity threshold is set to three
nont hs. The backup process is run periodically (typically at

| east ' weekly) and notes that the |ast accessed date for a given
file is nore ttdhen idaoobvrisy adreshbadbis kege Sy thineenRohehs . &he t hat

it has, say, tdcRBpbRckulss ol e%nogeﬁ%{ammtypmlq ac dddgerent tapes

(OI’ waits until i} z &uent occasi o ree coO |es)
and then del et en°'§ﬁo& gt the last aqaessed daggfomea gdvend, the

user sinply rd&dderés word rchan 3 months agme Ghet hackhpeeyimkmshaaes The

backgp syst ememmst it1Ras, say, eRsEE Cnddialp te%iﬁ%sCBEtéhQ'f!ﬂLé g archival.
e_not overw.itt t hod provides a

copi es of the r

| ong-t erm sol dtilfgﬁr?%tt%?eﬁr e(ﬁfeﬁ?"%? e egugpgquem: °c°a31°PeWB9’abl e,
readily repl ad&dhaRdthrrs nopiese and then deletes the filencshaulidl e has
been del et ed hheaﬁlﬁl\é&tstb%nhééded the iusers sﬂﬁpwnﬁﬁtd@e% l@J:GfQ&nt he

original diskgy st@ytﬁeee backup 'ﬁ‘?étas di %gvg?;:ﬁ?iess#ﬁl%l nd ser or

appl.j,cation | at er ecid access eqw red,
sincé no tracEMBpre h"eha‘: tapes containing the,arrBivel Frries ofi RSt he di sk.

The user or file are napoiverarioten heTHias mechodamsowifddsnawi ng t hat t he
file 20 loﬁQUié'mbele%%EGferofik%nlﬁ'c;m%lﬁllpsz.ﬁ@@ @abeeoakecatlon Y

?SPZFQEEPZV PeiSvdtd, n%dliy rep]lsiﬁ,ﬁ%dl pd :"ﬁggég%égo‘?enbel ng removed Wi t hout
trace, the file shoul d ©BfeifUkileo hiss bﬁgtle@el‘#%h@ﬂgn HSM sysfiemect ory of
t helfli sk (prefieridine VicngesovtsiER orofthe original i dhWK.i f yvhig tﬁé‘ﬁtbét has
been noved to Q@f&%&béﬂraggcgﬂéﬁié'a user or application later decide
that access to the file is required, since no trace of the
file will be found on searching the disk. The user or
application then ‘has ho means of knowxng that the file
20 could be restored from a backup, and an application may
' consequently give anything from misleading information to’
‘a fatal error. : : - :
Ideally, instead of being removed without
trace, the file should continue to be listed in the
25 directory of the disk (preferably with some means of
identifying that it has been moved to backup or secondary
storage) but without the actual file data being present
and taking up disk space. In fact, this facility is
provided in many HSM systems and is known as migration.
30 The HSM system typ1cally leaves the file reference in the
' directory, and elther replaces the file data with a small
*stub’ contaznlng the" ldentzty of the location where the
migrated file may be found, or deletes the data completely
, leaving a file of zero length. ' :
35 A further enhancement of HSM systems, known as
de-migration, causes the HSM system to automatically
restore a ngrated file to the original disk in the event
that a user or application attempts to access it. '
obv10usly, this can only be poss;ble if the secondary'
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storage) but w thout the actual file data being present and

taking up di ce. In fact, this facility is pr oy ny
HSM syst ens vgé ?g}% nown as mgration. 30 The HSM systentﬁ?g/hpgl‘k’@a 'y
| eaves the file reference in the directory, and either replaces
the file data with a small "stub' containing the identity of the
| ocati on where the “mgrated file nmay be found, or deletes the
data conpletely leaving a file of zero length. 35

A further enhance : o .de- gration,
causes the HSM sygtggzr’nr?%e gﬁ%‘%’?&ﬁ%@&?ﬁhm&%ﬁé mlgrrggtegr glggm{gg,r ated file to
the original di sk FAREHRUYELY connected tethe FYREEM.or WHAES RigLasRd data
attenpts to accessibtstored on suchbai Oneidy-lirns’s devicenl fobeexzogdiebbr i f
the secondary optical disk ‘jukebox’, the request to &ctess the £fiY® may
96/ 18960 "

: , PCT[ GB9p/ 02817
storage nmedi um confEFRiRY tHPIRRFLLY FuFPERASE until ¥ g"{t%n‘ﬁ F&5GEF G-
connected to the sybBeremponWidr dsnaglaved tritproceed as if the sfidectladn such
a 'near-line' devifgvef BedX Miracad. ' optical disk 'jukebox', the
request to access the file My, pay rec igled QSs%SEBQ&%[ﬂJ&é %gépe”ded
until the file is restored, - -\}\}'Lu‘er upon 11 1s allTowed T-0 proceed as
if the file had effective,agthen ppehied gtutldrge numbers of relativelyThe HSM
t echni qud8 descri bstlahbofiles @sed by only a&drecatsere anshentime! | adwevekar ge

nunbers of relativgbysifer a da_tg.B_HEL'%;Féé 45 Qfhiky ARLYi P dé%%'ééfé‘ss
tinme.  However, . cqnsi der, a dat abase system i n-which multiple
users access a singley, ﬁ'@irg,e PﬁF@%a%%té’g?fséy"F‘itlaénéﬁﬁt‘é‘ﬁﬁ%rc% Sfrer
names andndcatidsss gegrdds ovr ssimilar Mistorical dktaa. Since mewy
custorrfr r'e;:ords aé@s@&m%t &;H#o!]g??hf@ SSkchring b@ﬁg@d?d@éd End records of .
curren st oners : e file_is never i : for
mgrati o(rilslsi nce i t&%g%&aﬁﬁffs?m%sa@%? Jé:% 'e.t-h% Hie 58 IE%‘_\'/ee]:} thé egéé‘g‘%%ch a
file will typicall5hd¥anakipnr sdnegsit must always be available.

Nevertheless, such a file will typically have many records
for old inactive customers whose details must be kept for
_ possible future reference, but whose records may otherwise

20 | be left unaccessed for signific;nt periods of time. The
disk space occupied by such inactive records can often
represent the majorityldf space taken up by the entire
file. _ _

It is already known to have a random access

25 file, in which small quantities of data can be written to
or read from any part of the file at random. When a new
random access file is created, the file has zero length
until data_is_written to it. Since the file has random
adcess, the first piece of data written need not

30 hecessarily be at offset 0 (ie the beginning of the file),
it could be written at any position. For example, 10
bytes of data could be written from offset 1000. The file
will then have a logical length of 1010 bytes when only
ten bytes have actually been written. Some operating

35 systems deal with this situation by automatically ‘filling

' in’ the ‘missing’ 1000 bytes with null or random

characters, theféby ailqcating 1010 bytes even though only
10 were actually written. '



for old inactive custoners whose details nust be kept for

possi ble future reference, but whose records may otherw se 20 be

| eft unawsesamesd f or significant periods of tine. The PCT/GB95/6b88K space,
occupi ed by such inactive records can often represent the '
maj ority of space taken up by the entire file.

It is already known to have a random access 25 file, in which small-
gquantities of data can be witten to or read fromany part of the
file at random Wen a new: random access file is created, the

- Li l e haz zero length  advanced Upddatdagasyscuns | (A @si thoSe n@%‘eé he ;g' e
as random rs e idd en _need not
in Net‘f:?ﬁP%g.% sEQ-@ Ld éu 2t tﬁ% gﬁﬁ@eﬁ(\{ £ ¢ o

necessarily -be (1e {he. beq] nln
could be wri ttféﬂleﬁt 11 WhiGhs B sk nSPESR ’é(éﬂﬁ}ﬂ’e ligcated t° th°l§?t azea¥ data

could be wi tpénthe ofi I fteewhibf0datihcras lagtually been widiletiehen have a

l'ogi sal | engt icéﬂﬂjp Qﬂl@szghgé‘hﬁ?}é& by extend:.nfrtlm’tﬂﬁ have actual ly
been vvrltten. eraayl ( J%lg eaI thls situation by
automatical | y2 ? 'f’h%’ g m?‘% o ﬁ’é’ 8P nyf yPBsER®th nul | or
random diskbhee ddwér sachhentay, dinddcating ql@ametagtt docetientimugh only

10 were act uawhychrddd=For a partlcular flle is stored, is accompan1ed13'

o et o gty oS
Ser@@ suppB??“Hre é’&ﬁ‘éeb{‘ esﬁﬁ%ﬂ"&example' the (fiT8s PRCWM oI sk space

i s onl y al | octa@ikcate ttlhasedateaseg:.ns at position he dhi Ithet diskj cdndlat a has
actual |y beencyks tdih £ir8t pyte lsTxém qabkxaltafsséts 1%%1 exeendYe Xt endi ng
the file (3 alloiath#;% g rrﬁpg gare stored on ‘'t he
di sk) so that B ‘BEFS: < eng' AE2heR ?eo':caﬁ‘ﬁ“&ﬂ ff 0). The
areas of a sparse file to whzch data has never been
15 - written are known as holes. y

Summary of the inventi n

The 1nventlon 1n its varlous aspects is defined

20 in the lndependent clalms below Advantageous features of
the 1nvent10n are set forth 1n the appendant claims.

In the preferred embodlment of the invention,
described below w1th reference to the drawings, an
auxlllary database is maznta;ned lndzcatlng which data

25 ' blocks have been accessed and on what dates.
Non-accessed blocks can’ then be archived and deleted from
the disk file to reduce storage requirements The
deletion can be achxeved by adJustzng ‘the FAT (file
allocatzon table) to treat the file as a sparse file.

30 ' . If a read request is made for a potrtion of a
file that has been archlved, or mlgrated, then the system
de-migrates the requlred file portlon before the read
request is satlsfled '

However, records whlch have recently been

35 . ' accessed will already be on the hard disk and can
immediately be accessed a subsequent time. Thus records

which are frequently requlred will be readily available
without the need to retain the entire file on the hard

disk.



whi ch data for a particul ar file I's stored, is acconpanied by a
val ue i ndi CW{B?Q]W | ogi cal of fset" at whi ch'the data 10 PCT/GBO§D2817

Thus in the above exanple, the first entry woul d i ndi cat e that
data begins at position x on the disk, and that the first byte
Is at logical offset 1000 in the file (ina'normal’ file the

| ogi cal ' of fset woul d be 0). The areas of a sparse file to which
dat a has never been 15 “written are known as hol es.

Summary of the invention “rhe method may be extentied bgye:tttlafedt its
various aspects is _defined

|
- Advant ageous f eat m§e5.51ng “che mac':tlﬁét \@/%}r:]%‘%gﬁf&;%%ﬂégg ? %the
appendant clai ns. auxiliary database. If] ﬁnﬂ-ﬁeap?‘@]elr Pé‘ﬂ'béﬁbﬁﬁhmrdcﬁ ke
i nvention, accesd@&cémbﬁtﬁ keliawgei tAtapiss ehide,t ghehealll aviiergs, an

auxi i aryr? dat abase | s ggdn%\\#}te& |&qnﬁag|enge¥\@ foly é}g %a%ﬁ disk. Dbl ocks

cces
have bee accessecf‘ % ssed bl ocks, can
I

t hen be archived amaeré%%d# ‘H%ﬁ date of la?ﬁea‘éﬁesq? fi tF?%‘é?ﬁ:seF%torage
-requi renents. Therecords can hisleatdrobecdrlbtedcsd aamedobfrad| dtsk rapades FAT

|(1Ei le 4 ?lﬂno‘tﬁ5.509?sé‘blxﬂ-)e gyl hgcibdse Fed ﬁeﬁrﬁ@edlﬂce 30
a read request s made ortion
“archived, or mi gr &°8FaipnhERe (9aF £ élﬁ‘nte%"me of the % laSE %‘gégﬁe p&}sl}l%r%

file porld on beforintewalsade.g. everY mopghesal} st@atalcé’\eﬁéﬂd areas can be

However, records ‘Ml'gQQtEéVEn&QS&%‘tétﬂcihQEBYSEatabase deaceded W || al ready

be on the hard disk and can !g?qg! e cBR5ES é@f&@ﬁ@ﬁgggent
The, MeEhodr & requentc?l e

time. Thus records re U|re wll be readily
avai | abl e parfiiphofile REGRAGS MthedaPh t SPERFLPREY, the har d
di sk. application. The auxiliary datablase is then reuib6yd 8960

PCT/GBQSﬁpZSl? record additionally whether the accesses to the file were
write accesses, in'which case data may have been modified,
or were only read accesses The partial file backup
method of the aforementioned application did nothing to
free space on the hard disk while leaving available those

20 records which were likely to be re-accessed.

Brief Description of thelﬁrawings

The 1nvention Will now be described in more
25 "detail, by way of example, with reference to the
accompanying draw1ngs, in which:
Fiqure 1 is a block diagram of a personal
computer system with a tape drive;
' FPigure 2 is a diagram illustrating accesses to
030 a file; ' : | o | _
Figure 3 is a flow chart illustrating a file
h access operation in accordance with the invention,

Figure 4 is a diagram similar to figure 2
. illustrating file portions which are to be reta:.ned on
s hard disk;

Figure 5 is a flow chart :.llustrating a backup
operation in accordance With the invention as implemented
by the hierarchical storage management system;



The nethod may be extended by, in effect, ~ increasing the

inactivity threshold to the lifetinme of the , auxi l i ary dat abase.

| f onl yW®9it8960 nunber of records are accessedP@Il‘leslozslbarge .
dat abase file, then all the 5 accessed records could be kept on the

hard di sk, regardl ess of the date of |ast access. The unaccessed

records can however be deleted so as to free di sk space. In this

case, the auxiliary database does not need to contain the date or
date/tine of the |ast access. At long 10 intervals, e.g. every

nonth, all the accessed_&gm_@arieaa flow chart ni]g.rtmttedtaﬁgl d heeauxi | ary

dat abase cl eapefess t file WIS ciehhed ‘é%q.t i n conjunction
with the - e Yé;?pera 1on ?% ast oJF age mgt hoa o?égﬁ fgr%e nti oned
appl i cation. Herh iiary dat abase is then required to 15 record -

addi ti onal |y whet her thBisuredksedst @ dhagrameildotsgrating part wif tthe

accesses, in wbhehy Gage adaEHenEbbeﬁﬂ%QDGQEt&ﬁdléﬁéiiof convent {Ynaser e only

read accesses | e ckup - et hod of the
af oremantlone% J&g'flcatl llt%i#'bl anlg hi n . free space on the hard

di sk whil e | eavi ng avai Eiguxze 85048 20 :Lagram Fdustaating cthewere |ikely to
be re-accessecorresponding paf¥ icH thesmempiiomapfid htheDnatho@Sof the

The invention Wddeiiaw be described in nore 25 detail, by way of
exapple, with reference to the. . . acconpanyi ng drawi ngs, in which:
Figufe 1 is a block diagramof. a personal corrputer systemwith a
tape drive; Dt_i!_.d_n ipti tei peferzedExpodimeht ust r at i ng
accessesto 30 “rafile; R Flgure3|s a flow chart

illustrating a file e t| n accordance wth the
I nvention; Fzgure 1 ofz Sﬁ? d)ﬁawainga 5&18 Patn BP0 figure 2
illustrating qqmpéltse'rﬂ?@hslmwraﬁén%abeema% rPé'eceﬁSiJE unit  hard di sk;
Figlfe 5 i s a(demwiehast raddons aicaesBgmembAg KIRAM) 14, and Hpdsation in

accor dance widdy e agyfgélﬂp 1:%%_ Egmneggn;qgard disk 16. by.rﬁgne hi er ar chi cal
storage nana%?rsonai comgﬂter is also prov;ded wzth a tape unit 18
prov1d1ng secondary storage for backup ‘and archzval
purposes. . o
.20 In use, the random access memory 14 stores
instructions which are applied to the central processing
unit 12 to control the operation thereof. Some of these
instructions come from the operating system direct, and
some are 1n1t1ated by the appllcatzons program being run
25 on the computer. o
Operating systems generally maintain a file
allocation table (FAT) which records the physical location
on the hard disk of each block of data. In addition, the
operat1ng system records in relation to each file an
30 archive flag which is set when the file is modified and
which can be cleared when the flle 1s backed up.. Existing
backup systems use the archzve flag to determine whether a
" file has been modified and thus needs to be backed up.
A hierarchical storage management system may be
35 employed which automatlcally backs up to tape any file
_ whzch has not been accessed for a specified period.
In the preferred embodlment of this 1nventlon,
an auxllzary database is maintained, which indicates, for
each file, which data blocks have been accessed and on
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-5 - WD 96/ 18960

PCT/ GB95/ 02 : Figure 6 is a flow
|IIustrat|n§&gmvgaﬂ’ access operation on a file mh.EﬁEﬁééﬂﬁgﬂh
'partlally archi ved; Figure 7 is a diagram
il lustrating part of the 5 menory map at the operating system /| evel
of ‘a conventi onal personal conputer; and

Figure 8 is a dlagran1lllustrat|ng t he correspondi ng part of the

menory map in the pethqd of th |nvent|%p 10
Det ai |.ed Descri pt 8@t PaFﬁ%'Fﬁ%ﬁ?&%Fe&hEanEﬁ?ﬁﬁﬁlca storage management
Figure 1 of the dsyeteyscahorerivdieaddpadrchive or migratputhosé Rfocks

conprising a cent gk cR' ASHS AN Pkt aééessed. fﬁ?sleb bidckd eaﬂd&mzﬁ%ess

menory (RAM 14, evic he f f a hard
Gok Y6 The " WSeRed’3a che topagn, kRITErSRAT S ERORRRY RRILST ape
unit 18 5 provi di n@ogéedﬁdaayfﬂe)ﬂa!g-@iﬁéﬁYb&ékm zardnngan.
purposes. 20 containing five reddeds! &fc BEABHYEHCS BRE®S Y ok Stores

instructions whi cgag{llgg?pﬂnllegs% o] tthghfgﬂtﬁﬁn@ra%%wﬂ@ary dat%b n| t 12

to control the opera |ons
come fromthe opePREPAG &9 iRHARREPECFETUPRLS tO access §Bﬁeeﬁ}iﬁ#qﬁtﬁeép€é by
the applications pnogosnadeidewireddbrd to, thm fille.coTheteequests over a

erati syst ens n n cat t abl e
(OIQAT) V\A:llgchyrecor g??ﬁi& gély:gg? mtfié' eﬁe%%i@ between Jan@hiPCRld

January 21, 1995 - New record added, located at
offset 125, length 25 bytes '
February 3, 1995 - 01d record accessed {read),

15  located at offset 25, length 25 bytes. .

February 15, 1995 - Old record accessed
(read) ,located at offset 75, length 25 bytes.
: April 3, 1995 - New record added, located at
offset 150, length 25 bytes.

20 . . When a request is intercepted, the date, the
position of the record in the file, and the length of the
record are noted in the auxiliary database in the
following way:

25 T e 1

Day No. | Offset | Length

u 34720 | 125 25
“ 34733 25 25
34745 75 25

30

It must of course be possible to identify the

particular file required. It is assumed here that a
35 - separate auxiliary database is maintained for each file.
In practice it may be preferable to maintain a separate
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on the hard disk of each block of data. In addition, the

operating systemrecords in relation to each file an 30 archive flag
whi ch i swaxderigbgon the file is nodified and _ mhic #eared )
when the file is backed up. Existing backup systens use *
archive flag to determ ne whether a file has been nodified and -

t hus needs to be backed up. A hierarchical storage
managenent system may be 35 enpl oyed whi ch automatically backs up to
tape any file whi ch has not been accessed for a specified period.

In the pref e”ﬁdxfﬂ@ﬂ? r&“a'%tabgget BoS éaﬁi‘?w&lrectory, in @{i:x ? i('gla' arlych

1 dat abase is nabgt 1 ndi.c tesb (qd
data bl ocks ha b s§ ﬁoaﬂﬁe ko be 1 entzfled w1th1n the
- 6 - daqipqgﬁ_lgg@@s however, reduces the number of auxiliary

PCT/ GB95/ 02817databases, and thu¥h@tie diider B2 aaaitiéffalh'f&&agch' cal storage
ive or m grate t hose

rockd T cresten. YL BRARIL LS Wkl byl NS dioRade tanid non be

bl ocks

del eted and th%es?¥ﬁ%ﬁ$9 F@EuF?@ﬁ%ﬁR%ﬁtﬁ*§#eby reduced. 5
Consider a file initial Iamﬂ.?ﬁlleyfa&@aennbengﬁdmuded in t:he amaang five

records each - Oéatl.&ﬁgeh:.g§u9¥{'§§ed Q%h Table 1 haJ@W g?eeséi& whi ch
poi nt an auxiligry tagase ' opened 0 |nterce Pequétts to
access any exi%ting rEc8fY number is %‘WPIXr aﬁEF%FqﬁaNrFEEBFGn¥¥P9tqhe file.

The Hquests oiays ahigh have ekﬁpﬁﬁﬂ mlpeelad athutmmmmpherbamm&enLhanuary 1
iSSS .hb A Egﬁ@ Jéfﬁﬁ%%ﬂ ht19@@. In a more SﬂPhlsglc ?Ea;é ﬁlt
Febr uary 2/ri%§%& et ggF%6%qg é%@ﬁ §?35ﬁ5t§T§ 15 iy e o?fEZt
25, length 25 mg 2 J.llustrates the file qi:eagmtisallggwmtlﬂ d record
accessed shaded éread)réprﬁﬁemizﬁb 6116 edatih wHiehOhlls 25edy 224 or
15 written, and whlte areas representlng data which has not
‘been accessed.
The steps taken 1n performlng an access are
thus as shown in Figure 3. Step 20 indicates that an
access is required. This may be a read access or a write
20  access. The file is first identified, step 22, and the
starting offset and access length identified, step 24. 1In
step 26 this data is stored in an auxiliary database,
together with the date, as shown above in Table 1.
_ Preferably step 26 includes a consolidation operation
25 which ensures that the auxlllary database does not contain
redundant information. For example, subsequent accesses
may duplicate or overlap previous accesses. When these
steps are completed the originally-desired file access is
made, step 28, whereupon the routine is completed,
30 step 30. | |
' These steps are followed for each access,'and,
therefore, by'ApriI'lo; the file is 175 bytes in length
and centains seven recoras; while the auxiliary database
looks like Table 1 above. Over the'monitoring period
35 . (seventy nine days) the records which were not accessed at
all are obvious candidates for arChiving. However,
~ suppose it is decided that all records not accessed within
the last sixty days should be archived. The records are
sorted by first assuming that the entire file is to be



April 3, 1995 - New record added, located at - of fset 150, |ength

25 bytes. 20 When a request is intercepted, the date, the
posttion of woesnseerd in the file, and the length of the PCT/GRISI028T d
are noted in the auxiliary database in the - follow ng way: 25
Table 1 Day No. O f set Length

34720 125 25 : 34733 25 25
34745 75 25 30 34792 150

25 It nust of course be possible to identify the

particular file r@tﬁ'gir"a&ﬁd té ééco%ﬁﬁwedtbeaget héxid ah¥n scanningews at e
auxiliary dat abas%to 138 Jr:]-{)téé&‘f‘b% fo%agi‘lfi:é@ords with a ah{ RUASLS G '

may be preferable aln a

- 7 - VA738/ 9BogYRater (34733 bezng the sixtieth day before

PCT/G595/02817 April 10 which isadayl Barg9bat ahes eeidordsawht ud-diy ect ory,

i n whichscase er meéélﬁ,gf ah chEE.t§1:§9nr§Féj :Ltc!énlﬁg.fhﬂ&n&h&'%é’& thin

t he data ase owever, red uges t he nu auxi | i.ary
parts of the le contalnlng them are mar ed acco ingly

so that they are not subject to mlgratlon. Any parts of
the file left unmarked are thus cleared for migration.
Of the four records accessed between January 1,

10 '~ and April 10, 1995, only the later two, made on
February 15 and April 3, 1995 respectively, have a day
number of at least 34739. Therefore, only the two most
recent records are to be retained, leaving the remainder
of the file - those parts defined as bytes 0 to 74 and

15 bytes 100 to 149 - for migration. This is illustrated

' diagrammatically in Figure 4, in which the records to be

retained are shown shaded and the records to be migrated
are white. The data areas of the file determined to be
for migration are now copied to the secondary storage

20 device using normal HSM procedures. Details of the
location and length of each record are maintained by the
HSM system to facilitate subsequent retrieval. 1In
addition, the auxiliary database can be edited to remove
any trace of the records having a day number less than

25 34739, thereby preventing unchecked expansion of the size
of the auxiliary database.

' To gain any advantage from migrating the unused
records to the secondary storage device, it is necessary
to free the space occupied by those same records on the

30 disk. Effectively, this is achieved by making the file
into a sparse file. In other words, the records which
have undergone migration are replaced by holes. The disk
space fbrme:ly'taken up by the redundant records is
thereby recovered, since the holes do not take up disk

35 . space. Assuming that the record with the highest offset
value is not archived, the logical length of the file
remains unaltered by thls operation, but the number of
bytes of actual data is reduced, making room for new f;le

data.



dat abases, and thus the nunber of additional files 5 cr eat ed. I n

- principl woleehighgyl € auxiliary database could : be created for the

: whol e dl?k W Any file areas not incl t}'ﬂémfsﬁ ﬂé
auxiliary dat abase illustrated in Table 1 have not been accessed
at all. The day nunber is sinply a counter, representing the
10 days which have el apsed since an arbitrary start date, in
this case January 1, 1900. In a nore sophisticated systen1 both

date and tine (date/tine cl ude Fi gure

illustrates the file dla%rgn%éé% Ié ije fifyppe created 1nsﬁ%%e€P¥%9¥&§9
representing fFgfg- da&%?“ﬂ% 6ﬁaﬁa§hﬁm§¥$QQEa§a§ra fitle allocamionteableand white
areas represen{FAD) cha‘ta:hﬁbhcbz&ﬂaSspwe is convem&&.elfjr %Q@.Séﬁ@dd in

Tre Peoh® WeohLbik e AThPledl! MRARLT seven procist By Be SO 1D
be a fead accet® q?ﬁrﬁg WPi RECOYRT for th&c&§§sttQ§u9ﬂﬂtP§ ﬁsl¢|¢snat

identified, stRprii 10and99he The file migharbé nglleichtet snadcecess | ength

i dentifi ed, stfﬁnﬂahlnbnway . .step 26 this data is stored in an
auxiliary database ' together with the date, as shown above in
Table 1. Preferably step 26 includes a consolidation operation
25 whi ch ensures that the auxi fable 2atabase does not contain
redundant i nf or matffor. may
dupliocate or overljap mWous ane:assﬂs:ck\/\m&nkt esegical offsetstfeps are
conpleted the ori (f . step 28,
wher eupon t he rou |manestoayp.eted, 3Q@ _tep 30. 0
These steps are f — - — —thereflore, by
April 10, the filg is 115 bytjes in lergth 1 angk cont ai r§s seven
records, while th t=t1 get-abase- - —ooks—-i-ke e 1 above.
Over the nonitorifjg pereod 35 @seventy pine daysg the rgcords which
wer e not accessed|ret - e aH5—6 ' r chi vi ng.
However, II suppdse it} is decided that fall recorsds not dccessed
Wit hin ' ' ' —t cords are
sortl@d by first afsuning that] the entsre filelis to e
- 8 - — —

- '[_ 5 _ 6 ' 125

20
Note that the first entry is stored in the

directory structure. Each block on the disk has an entry
in the table which indicates the block where the next part
of the file will be found.. For example, the second block

25 has an entry linking it to block 3 where that part of the
file with an offset 50 bytes is to be found. The seventh
block merely has a negative entry (-1) to indicate that it
is the last block contalnlng data for the file. In this
example, the file is convenlently stored consecutlvely in

30 - blocks 1 to 7, but in practice the blocks could equally
~ well have been allocated in random order with gaps in
. between.

The.allocatien table must be adjusted to free
the disk space used by the migrated records, in other

- 10 -
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mgrated to secondary storage, and then scanning the auxiliary
database fowodengssecords with a day nunber of - 34739pot/cHYS0sEy
(34739 being the sixtieth day before April 10 which is day
34799). Any records with a day. 5 - nunber neeting this criterion are
identified and those parts of the file containing them are marked
accordi ngly so that they are not subject to mgration. Any parts
of the file left unmarked are thus cleared for mgration
% 9; he flour L eclord@raecaﬁse@ldwaidmna&anbﬁtgs 110(10:0 149 ofatHe APild mlﬁth
only the | atgr
respectively, hav%'%adéi\gte&Bl QmﬂpflrSt er - of f gﬁagg ég%ere%oan%
only the two nost 3 and the 5?%1”% ?&8?19% %r%“q(f-be m’@F‘aFH%ddatFabd% ng the
remai nder thesé bheckslxs-ddlbced,pahesrehdmnnng antbyeestdr tthe74 and
15 5 bytes 1@QIEOaM9ad Jé?:redmsgr ﬂﬁhﬁna cﬂ_ﬂﬁ dts énltk"iﬁyfé Sheserved.
di agrammatical ly ?ﬁ ﬁglf Fég Eg recqrd l% retai ned
are shown shaded an§ P &3 8°ﬁFb‘P‘at 1S wel LherefoRs &8 The
data areas of the file deternmined to be for mgration are now
copied to the secondary storage 20 rdBY4CE USsi ng normal HSM
procedures. Details ord
are maintained by t Entry. Me§¥sﬁf % Opd Afidd {aL8gsLRs ke
retrieval. In l dto
renove an t records having a dqy nunb | ess than 25
34739, tRereby pre Eﬁ%%g%% clted exoanspon of thelsjize o1 f the
auxi liary database 1 - Tg9 gai n any advantage from
m grating the unuse récords to the secondadry storage devife, it
I S necessary to %ree tTe space o%cupled by {t hose sgne recoffds on
t he 30 disk. | Effecfively} this is achieved by nmaking the fil
into a sparse file. Jn othgr wordls, the regords which . have"
undergone mgration fare replacedjby holes. The disk space
formerly taken up by the redundant records,is th ggby recopered,
since the hol es do t.take up disk 35 space. | Assumng that fhe
record @#th t he hi ghest ofEset S vaglue is noff archived, the Ioglca
l ength OFf the file renhlns unaltered by thils operation, buf the
nunber of “_ 6 0 o

Blocks 1, 2, 3, 5 and 6 each have a zero entry
2 (0) to indicate. that these are now free of data. From the
modified file allocation table, the operating system can
readily determine that the first allocated block for the
file is block 4 which contains data beginning at logical
offset 75 and that the next (and last) block of file data
25 is stored in block 7 and contains data beginning at
logical offset 150. It should be noted that some
operating systems do not store a logical offset for the
first allocated block, which, in such systems can not

) therefore be freed.
30 , .The precise manner in whlch the deletion takes

place is not important. What matters is that the space
occupied by the migrated blocks is made available on the
hard disk, that is to say they are freed for use.

- 11 -



" bytes of actual data is reduced, making roomfor new file _ dat a.
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PCT/ GB95 V15960 ' The sparse fi |RETVGBISRBICr eat ed
in the foll ow ng way. Assume that the systemhas a file

al l ocation table - (FAT) in which disk space is conveniently

allocated in _ bl ocks of 25 bytes. Therefore, sevenblocks will
be 5 required to account for the 175 bytes of the file as at

April 10, 1995. The file night be allocated in the foll ow ng
way: In the example glven_abpgghefgr_eagh of _

Entry Nextedplaglatiionk thé agice s@kés&hd read/write requests HavRCtOry

1 all H;en assumed to be 25 bytgé?Vand_furthe?margE&F has

35 been assumed é%a; the?gequggts all océpr:ed;exacuny on

100 5 block boundarids. In practicef the allocated bldd size

6 is/ typically a multip®@ of 512 bytes, and the position and

length of read/write requests will vary considerably.
Since only whole blocks can be freed (deleted), the system
must be implemented such that only data areas representing
10 whole blocks are migrated and freed. Since iarge files
typically occupy many thousands of blocks, this reduction
in efficiency is rarely significant. = o
The above steps are illustrated in the flow
chart of Figure-s. Step 40 indicates the start of a
15 back-up operation. First the required file is identified,
step 42. Théh the auxiliary database is'interrogated,
step 44, to distinguish those blocks which have been
- accessed since a specified date from those which have not.
In step 46, those blocks which have not been accessed
20 © . since the specified date are identified. Now, in fact it
may be that the non-accessed blocks have already been
backed up as part of the normal routine backup operation.
Typically, they will have been backed up more than once.
Therefore there is no néed to migrate them, or back them
25 up, again. However it is necessary to migrate to
secondary storage those blocks where sufficient backups do
not already exist. These can be identified by tagging
them. Whether it is the blocks which are to be migrated
which are tagged or those which are not is immacerial, so
30 long as they are properly distinguished. In decision step
48, therefore, a determination is made as to whether
sufficient (e.g. three) backups aiready exist. 1If not,
then in step 50 the tagged blocks are backed up or
migrated. In step 52 the space occupied by all the
°35. non-accessed blocks is released by amehding the system
file allocation table (FAT) to convert the file into a
sparse file. If the file is al;eady a sparse file, then
more holes are added. The routine is then completed, step
54. ' o

-12 -




20 . ' Note that the first entry is stored in the
directory structure. Each block on the disk has an entry in the

t abl e which BGFE gé¢gs the block where the next part ' il e
will be foudg' or exanpl e, the second:bl ock 25 has an %ﬁ@?%ﬂﬁyﬁténg

it to block 3 where that part of the _ file with an offset 50 bytes
is to be found. The seventh : bl ock nmerely-has a negative entry
(-1) to indicate that it . i's the last block containing data for
the file. In this "exanple, the file is conveniently stored

consecutively in 30 haveq%een a%}tgegi . N QSPE@CEhggré%§§tﬁdﬂ?é?u%ﬁﬂld

equal l'y wel | oca n_random Or
bet ween. read requests 1, the| §iaei BR @%&ﬁ%@ﬁﬁﬁs%fbéhad¥%§¥%§Ft%? free

t he di sk space useattkyptimg ntgnsaddmigeated, data ot I no provision is made

- 10 - ' _ e 9ﬁ£4@%@§£ read requescs, the operatin system could
PCT/GBQSG02817' tes to 74 and $ 100 to 149 of
the fil e nust return eiﬁ??ﬁﬂﬁﬁi&dda? °¥|?§R°¥ﬁ(§¥|§§r8 vé e RF s 1,

2 and 3samdde heo seeash@ Ispabbeckils hoke.6. Hawheg ihrexkaptedia
these bl ocks is dekghest tderdaMigrAte@nditLs dHY aphRopbiate sigrdilse cahe
adj usted so that gsl ggngrféech:t ri smasﬁﬁgs&gge’%@estad info me nodi fi ed

file allocation t her &Fora
Tabl e 3 aut°matlcalém Ty If inggyidendbgeqshirequests L% camaldy i sbe

10 time taken to de-migrate data is short in comparison to
de-migrating a whole file, since only the data actually
needed will be retrieved. _

- This eperation is illustrated in Figure s.

_ Step 60 indicates the start of a file read access. The

15 file is identified, step 62, and the starting offset and
read length extracted in step 64, as in Figure 3. Now the
operation.pesses'to deeision step 66 which checks the file
allocation table (FAT) to determine whether the read
request is a request to read data in any block or blocks

20 which have been migrated using the routine of Figure S.

If the answer to this question is No, then the operation
passes to steps 70, 72 and 74 which correspond to steps
26, 28 and 30 respectively in Figure 3. However if the
answer to the question in step 66 is Yes, the required

25 data is first_de-migrated in step 68, before the operation
paeses to eteps 70, 72 and 74, as before. It is not
necessary to de-mlgrate the whole block, and in general
just the records or records which are requzred will be

"dermlgrated These may fall within one block or extend

30 across two or more blocks.

The routines of Figures 3 and 6 require disc
accesses to be intercepted. How this is achieved will be
described with reference to Figures 7 and 8. Whenever a
program wishes to access a file it calls a standard

35 _ routine which writes data to the disk. This routzne,
which in the case of the DOS operetlng system 1s_known as
Interrupt 21 hex function (INT21ih), is an integral part of
the operating system. Disk read is INT21h Function 3Fh,
and disk wr1te is INT21h Function 40h. The action

- 13 -



10 Directory 4 75

1 0 0 ' 2

0 WO 96/18960 0 3 PCT/GB95/02817

0 4 7 150 15

-5 0 . 0 6

0 0 7 -1

-1 . Blocks 1, 2, 3, 5 and 6 each have a zero entry 20

(0) to indicate that these are nowfree of data. Fromthe

modi fied fil epaFfowmerd diy thsl coutine sirnemdsngnsybe araxpmeters passedreadily
det er ni ne t hatot tie fidiffinel Lpeat @scd} OCiTHier rblitine is shownfihe is block 4

whi ch contain &egﬁF t.hat the
next (and Ias?}&g%%cﬁe%f ’i;&b Pgha%? %lart °f; thet?f?&f&%qhgb?%gﬁqn/ q‘

cont ai ns dat a2b84FAR MEUQErY map, the II‘H'&PBaF"BFYs%‘?’-%G‘elPﬁ Sheym dPYbe not ed
t hat Ssone an arrowpeTat cagryysiters ptefecredt methad lingacabradrceet for the

first allocatggepl ek in¥@hehon! rh&amow_t BEBgEAR (e is added a herefore
be freed. 30 ﬁ ?1 el etion

cise_nma
Cakes o the gpexatins, systel SHUATEACHR AFVRE $R DN LRATLTHE Space
occupi ed by tFie pragtdiced bhoakROS nwvidonment| abhis want hbe loaded intohard
di sk, that isché dokputaeyadrs dévsd i@4vegeusing the coNFYE. ¥ 18360
PCT) 63895/ 02817 The added software has the effect of an
' instruction to write data being replaced or supplemented
by an alternative set of instructions. _

With other operating systems it is likewise
necessary to interrupt the file write function in an

15 analogous manner The skllled programmer wzll be able to
'prepare ‘the necessary routines following the above
description concerning the DOS operating system

More generally,”the'invention may be
implemented irn many modified methods and other methods and

20  systems other than those described and illustrated.

In partiéular; the method and system may be
combiaed with the partial file backup system of my
aforementioned appiication 08/165,382. When this is done,
the same auxiliary database can be used to note

25 modifications to the data as is used in accordance with
the present invention to note accesses to the data. The
. only difference is that it becomes necessary to record in
the aux111ary database whether the access was a read
access or a write access. The partlal file backup system
30 of my earlier applzcatlon then responds to entries
'concernlng write accesses to the. auxlllary database, while
the partial file HSM system of the presént application
takes account of both read and write accesses.
_ In another modification, the system is extended
35 . by, in effect, 1ncrea51ng the inactivity threshold to the
 lifetime of the auxllzary database That is to say, in
Figure 5, step 44 is modified so that instead of
dlstzngulshlng blocks which have or have not been accessed
since a spec;fled_date, it distinguishes blocks which have

- 14 -



In the exanpl e given above, for ease of expl anati on, the bl ock

size and read/wite requests have all been assuned to be 25
bytes, and wobdéimoepre it has been assuned that t peT/cEys03619
all occurred exactly on 5 bl ock boundaries. In practice, the

al | ocated bl ock size is typically a multiple of 512 bytes, and
t he position and | ength of read/wite requests wll vary _
consi der abl y. Si nce: only whol e bl ocks can be freed (del eted),
the system must be inplenented such that only data areas
representing 10 or haveVhét GoddrGczedbednagraipd it fiseednce Stnee large
files . BuRisdbby Scchivedoly ERpuealieafla WreiTehh ook dugl i on
in efficiency is rare 1 TT Cant . e abdve St eps

STgni i
are illustrated i ﬁaﬁﬁezkﬁoﬂ\?’_‘ﬂlaw datapase (noflIMIpR @esdsstapreerrchdheat es
the start of a 1Bate or davsikime officeatho:nccedsrst the required file is

| dontified. ) o e -es . red
| nt er r ogat ed, | SUoPairy HEp A% AReAREeR0HA 0 Sr 18 v
been aCREiTRY &P eigzatepSerFath "é‘a]tee BISHoRFos BVRRI B SDEYt .

In step 46, thosehbieckhet e arressadt bBzis asyesppdy200 the fimgmaadt he

specified date argokdeBijyfimd.1asioWiokR {Rdadd file, for examyide that the
non- accessed bl ocks have alreadhbeen:E the i t.backed up.as part qf .the

normal routine backup operafiGA-1Y: it the inyegrigp ¢s E%@%ﬁvﬁ cdisdeiBeen
backed df nore thancempietely new opergpingfsysteathetdiensthe awekliaryni grate
them or back theda2abase could), iagprimcipiwe\bdd dodmbifiedeREEls afhe (FA1@l gr at e

to seco ' h |l o et 9 SYkifhcl s do
not al r eady existgg$%é§€{%%n é%iggﬁ??fie y taéﬁiﬁ%ﬁi hSPEaPﬁf?ﬁgn]

Wiet her it is thePEebRREedhickesPethe BEP HSRaRAEE . which are
tagged or those which are not is immterial, sa 30 | ong as they are
properly distinguished. In decision step 48, therefore, a
determ nation is made as to whet her sufficient (e.g. three)
backups al ready exist. If not, ' then in step 50 the tagged bl ocks
are backed up or mgrated. In step 52 the space occupied by al

t he 35. non- accessed bl ocks is rel eased by anendi ng the system

file allocation table (FAT) to-convert the file into a sparse
file. If the file is already a sparse file, then nore hol es are
added. The routine is then conpleted, step 54.

- 12 - .
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The final refinenent is ept subsequent read requests to
the fi|VOP61846P er ni ne If]!i m o attenﬁﬂ@%’&sﬂead

m grated data. If no pr to intercept read i
requests, the operating system coul return either null data or '
report an error if an-attenpt ‘ Is made to read a sparse file

hol e. Having intercepted a request to read mgrated data, the
appropriate signals can be generated to de-migrate the requested

I nformation automatically.. If individual read requests are

smal |, the 10 tine taken to deemte data is short in conparison

to de- mgratlngavvholeflle since only the data actual l'y

needed will be retrieved. 1 - Thi's operation is

illustrated in Figure 6. Step 60 indicates the start of a file

read access. 1lhe 15 A methplieof sacabxing ddrassemrdil inaadcbhputsdmrti ng
of fset and gysrem wni@RthdARYEE §XLhRGd® hddesst aeméfly aa%de%t'%agure 3. Now

t he eration passes .to_decision step hecks the file
al | ocati on té’EPg ‘f'gitdefagflninﬂﬁsmﬁ%?me t"'l‘?«?nfea% sthad request is a
request to r@eupaasanq rtl'@nwtlspeckfer bl ocks 20 .~ whi ch have been

m grated usi ng the roupreei@indi MHetfetions stored lin tthe 2afeH to this i
Quapti o 15 NacelBSluddit, QR°LAL! GBaczay pfgcesgagge&nw:%%aafzo CEIE

whi'ch correspon respectively rn Figure 3.
However i f tﬁgocessmg uménﬁ?/ePe?’G FRAARRS A3h3| AEAh IFothe MRS the |
required 25 storage dudams dyf peseraeimy grtatleastnasrend G&quieei:erehé he

operation  central PRRESihE ﬁﬁ?@scgmhaﬂﬁéﬁgnth4fof¥bd%%b0re i's not

necessary to_de- m]grate t he whol e bl ock, and in general® ™ - © just the
records or r8BBFAE*Wi‘ch are required will be de-nigrated. These
mayl3fal | within one bl ddrneifyine @l £3de to whichaseesswdsorequimeds| ocks. ‘

The routines of Figuresdgneislytnd il podtt$éns in the £fideCESSAfidHO be
intercepted. jHoythis rje%éggg'&.;yegnavi Il be |
accessing the file portiomns; |
characterised by the step of building an
20 auxiliary database which identifies the file portions to
which access is to be made.

2. - A method according to claim 1, in which the ' . ’

step of providing instructions stored in the random access ' !
25 memory to the central processing unit causes the i

processing unit to seek to access data stored in the mass
storage means by general::.ng either a write request or a
read request.

30 3. A method according to claim 2, in which the
auxiliary database further defines whether the access is a
write access or a read access.,

: 4. A method according to claim 1, 2 or 3, in which
35 the step of building an auxiliary database comprises
| building an auxiliary database which identifies the file
portions to which access is to be made and the date or
date/time at which access is made.

- 16 -



described with reference to Fi gurés 7 and- S“V\henever a pr ogram

wi shes to access a file it ¢ routi ne which wites
data to t he WOSK/1896Thi s routﬂ ”ﬂ"ﬂm ’ |ch in the case GiCEBISNEL7

operating systemis known as * pt 21 hex function (INT21h),

is an integral part of the operat| ng system Disk read is I NT21lh
Functi on 3Fh, and disk wite is INT21h Function 40h. The action

- 13 - WD 96/ 18960

PCT/ GB95/ 02817 performed by the routine depends on the

pﬁr aneters passeds. A methba aoutbfm;lmmaﬂytb? cTaims rowd Ag s
shown in g Hhe system
: whlch Yhé ZbﬁEhéé¥T%%Q:}§T§§ﬂ9r£§§§ Lleihl Bg?ﬁégé éﬁzq by 5

in m mam)ry nap, d¥ poi_nt
an arrow. To car oh Ashineg frBenhoacriiRe stiudid P°rt-"-°ns on \ghenh
t he i nvention, addtatssoaabrms)gumsoodhel wetblod dfwtther compr:.smgnetltq)@t&bl ng

systen]lgterface b&V%heéﬁ1§§KHHb'ﬂll@'ﬁ!i@c§tzon table to b8t OFREhd GhhedHd A
DCS envi ronnent , oaded into as a

¢ c ut er
devi ce driver usi %S‘ tﬁéfm%%#l 8| gn e mass stdrife 829 9% added
software has the effect of an - instruction to wite data being
repl aced or suppl enented a meth.od dycoraitld eonallaym SetifwHiks tuet i ons.
Wth other operatk§§FS¥§£§qgh% afe b&bgﬁgnggfrespondlo& chﬁéagfsﬁéitalThe

I nt errup the f ous_ nanner
ski I | ed IBr ogr ammePLRFkF b%e%féeﬁom the file ;ﬂrjéﬁoﬁaélf’ﬁet%ssary routines

foll owing the above description concerning the DOS operating
system _ A'Vmsehgansé@&a/mgt ke bR geapeihﬂw 180 6, in

i mpl enented in manyle_ di fied nmethods and ot her ods g

systenms ot her thalf"tfi SERQY STRIES ﬁﬁﬂt?’f‘lmr&%ﬁ secondary storage In.

particul ar, the neeand tox sporiag aughbeed files, theomsrhed funtherhe
partial 15i | e backupmpyssig Ofwhd¥ the checking step determines that the

file portions are not on the mass storage device, the step
of retrieving the flle portions from the secondary storage
means.

20 8. A method of archiving data stored in a computer
system which lncludes a random access memory, a central
_processing unit, mass storage means, and secondary storage

~ means, the method comprising the steps of: :
providing instructions stored in the random

25 access memory to the central processing unit to cause the
central processing unit to archive selected data stored in
the mass storage means onto the secondary storage means to
release space on the mass storage means; the central
processing unit commandzng the following operations:

30 prov1d1ng in relation to a file to be archived
an auiniary database which identifies file portions in
the file to which access has been made;

1dent1fy1ng from the auleiary database flle
portions which have been accessed;
35 archiving to the secondary storage means at
least some file portioﬁs which have not been accessed; and
deleting from the mass storage means file
portions which have not been accessed, while retaining on

- 17 -



"~ aforenentioned application 08/165,382. Wien this is done, t he

data oo O B o SZRCEWWMIH I oresen:  meraBbestisios ot

accesses to the data. The bnlYy o fference is that it becones
.necessary to record in , the auxiliary database whether the access
was a read access or a wite access. The partial file backup .
system 30 - of nmy earlier application then responds to entries
concerning wi sses_to the auxiliary database, while : t he
partial file I-‘gﬁ gﬂ;%%t%e EBfa??lé"eﬁngséﬁbe %ﬁ’c"&’tﬁ shich nave beengkes account
of both read #fif8fSeEe accesses. _ | n anot her
nmodi fi cation, the systemis extended 35 : by, in effect, increasing

the inactivity thr eshol ¢y tngthgg accordm'g t fcgéhqe? of, th%IlaH iary

dat algase That_is t g fied so
t hat % nstead &°€P ©f pr Vl%rgt Pﬁgﬂ%ﬂl‘@"}bl AR @W‘msor have not been

accessed providihgcan eatsq:.é.d.ai:yedlaw&se whidhs ﬁ.dmmﬁhﬁﬁ gahecks which

have portions in the file to which accesé has beef qad@ﬂaggléQQGO
'S

PCT/ GB95/ 0281 not .been accesse
since the fate Oraﬁﬁﬁ/tw aﬁt'glb’a‘gé AGeSPEAs VL BAA%Yd 55® filled. In this

case the auxi Pﬁ&@'il%%aﬁ\;@Pnsomms ridegsifyingciran tthe auxiliary date or
dat dlti me of @achbaseemile iortlons which have begﬁrébégﬁéeGESEhEQQ¥Stances in

“which it is ng rate certain fil ortions, even
t hough t hey becified ars gﬁ{i geen zﬁ?gg‘é’gédWB ah Spgﬁe’fo the first

‘and 25oered yslme Fhetsereidisd,daten Flil?- estermpfegahpvmg

Finally, if themprisesd iaachivitg twe tmd)@élcoddaﬁy lékorage meansoml Et ely new

operating syswsrs: 4. ehee St unich have S HIHC fea!

pringiple, ed wt ha%.; §’ ave ocatil ong%Jé ?d (FAT)

However it mn?? nor Is eséfle ate, and the step of deletzng
comprises deletlng from the mass storage means file
portions which have not been accessed since the spec1f1ed
date, while retaznzng on the mass storage means file
portions which have been accessed since the specified

20 ' ~ date.

10. A method accordlng to cla1m 9, in which the
archiving and deleting steps comprise archlving and
deleting those f11e portzons which have not been accessed

25 since the speclfied date and have already been backed up a
predetermlned number of tlmes

11. _ A method accordz.ng to claim 8, 9 or 10, in
whlch the computer system comprlses a file allocation

30 . table wh:.ch defines the locations of file portions on the
mass storage means, and in which the. deleting step
comprises amending the file allocat;on table.

12. A method accordlng to clalm 11, in whlch the

35 . file portions are blocks correspond:.ng to the elemental
blocks identified in the file ‘allocation table.

- 18 -



preferred to keep the two separate
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13. A ‘computer system which includes a random
access memory, a central processing unit, mass storage
means, and apparatus for archiving data stored in the
computer system, in which the said apparatus comprises:

5 means for providing instructions_stofed in the
random access memory to the central processing unit to
cause :he processing unit to seek to access data stored in

_thé mass storage'means by generating at least a read
request; | L ' _

10 means for identifying a file to which access is
required; o o - N

means for identifying file portions in the file
to which access is necessary; and
means for accessing the file portioms;

15 : characterised by means for building an
auxiliary database which identifies the file portions to
which access is to be made.

14. A computer system accordlng to claim 13, in

20 which the means for prov:ding 1nstructzons stored in the
random access memory to the central processing unit causes
the processiﬁg unit to seek to access data stored in the
mass storage means by genérating either a write request or
~a read request.

25
15. A computer system according to clalm 14, in
which the auleiary database further defines whether the

access is a write access or a read access.

30 16. . A computer system accord;ng to claim 13, 14 or
15, in which the building means identifies the file
portions to which access is to be made and the date or

date/time at which access is made.

353 17. A computer system according £6 any of claims 13
to 16, in which the computer system comprises a file
allocation table which defines the locations of file
portions on the mass storage means, the apparatus further
comprising means for checking the file allocation table to

- 19 -



WD 96/ 18960 PCT/ GB95/ 02817 5 1. A
R g A e ﬁéﬁé?ﬂlllﬂmlllﬁﬂlﬁﬂliﬂﬂlll  br o ST and

mass storage nmeans, the neth " cédnprising.the steps of:
provi ding i nstructions stored in the random 10 access nmenory to the

central processing unit to cause the processing unit to seek to
access data-stored in the mass : storage neans by generating at

:‘gﬁlsz)v\nangead r sgl'."gérﬁine wzxtetgﬁg tll% fi eemprc:&'t:z. ﬁgcggglqrgéﬁﬁl %gggm‘rgn?: Pg tge
whi ch access |§t?€§ﬁﬁr4§yice- identifying file portions in

the file to which - access i s necessary; and
cter ed by the step

accessing the {4l e portign
of bujlding an rﬁ)ch ‘h Raﬁ?(ﬁultaerrysgsfe% e ] dllc Eg ﬂ‘e tHE file
portidns to el BREEGns arggb @cﬁo‘i?rresp°ndlng to xhe A

met hod accor di etpnentellabiodks i ideriticietinén the file allepadiomrwasid. ng
i nstructions stored in the random access 25 menory to the central
processi ng um{9 causes the cessi unit to seek to access data

- r
stored in the Tiass compé‘ttSFaﬁgsﬁé‘&r%cW BfcFat 3 f Haimg Wite
request or a to 18, in yhich rthfueomputeg(system coBprises sedomdairiyod

accol@li ng to cdtairmgd, meanshEdh stheing archivedPiilelsal ¥ndahedins ¢ dhur t her

defines whet N&fedNQv3HGCSRe #4112 portions from the secondary storage
means when the checking step determines that the file
portions are not on the mass Storage'device.

15 20.' A computer system which includes a random
access memory, a central processing unit, mass storage
means, secondary storage means, and apparatus for
archiving data stored in the computer system, in which the

_ said apparatus comprises: |

20 means for provzdxng instructions stored in the
random access memory to the central processing unit to
cause the central processing unit to archive selected data
stored in the mass storage means onto the secondary
storage means to release space on the mass storage means;

25 means for providing in relation to a file to be

-archived an auxiliary database which identifies file

portions in the file to which access has been made;
) means for identifying from the auxiliary

database'file _portions which have been accessed-

30 : means for archiving to the secondary storage
means at least some file portlons which have not been
accessed and '

means for deletlng from the mass storage means
: file portions whlch have not been accessed, while
35 retaining on the mass storage means file portions which

have been accessed.

21. A computer system accordlng to claim 23, in
which the means for prov1d1ng an auxlliary database

-2 -



write access or a read access A nmet hod according to
claim1, 2 or 3, in which 35 E uﬁ udlng an auxiliary
dat abase COWO 96313960 bui | di m lﬁ’ l"mmrml at abase wWhCr/cB95/02817

identifies the file portions to Wwhi'th *acdess is to be made and
t he date or date/time at which access is nmade.

- 16 - WD 96/ 18960 PCT/ GB95/ 02817

5. A met hod according to any of claims 1 to 4, in whi ch
t he conputer systemconprises a file allocation tabl e which

defines the | ocat comprides e@npOfbt Oftfoaiiinke an auxlllaryrﬁﬁﬁib&bﬁrﬁﬂﬁbh

neans, the met hOda%%'itt.{ﬁ %ﬁé'ﬁé%&ﬁ ﬁ‘xt the é:l.le to wl’B,fchI Il%% Fg ;Qe

file allocation t etem i ONsS are
on the mass stor afeeRYy&Ade and the date gr date/tlmﬂ %twha@GGFGFﬁﬁ vas

claimb5, in whichmade; the identifyimg pwearisoceompriésés qudanscdoresponding to
the el emgntal 10 1dent1fyti IS ot A 'thﬁ(iz.'a'}yt aﬁtgbéé‘e %zl@wrﬂoﬁﬁbl €.

7. A net ho to an 6

the conputer syst&mE C}bgﬁ ege%%%%sasﬁfcﬁ"&c& & EPecieidh dﬁ?&ngnﬁof’w@? oring
archived files, tmrmm?oevhﬁahtme Tt been aseﬁpw@uwglcwt@ﬁ shectfiedki ng
step determ nes tddtet e archiving fidshs)@ohpeiifed fedid foF bRehiRHsgy to

storage device, t&?e Sée%%ndar}rrestoraé%dt{e%&xr | gy ggaég sdrie %ﬁgr kbg@foru om the

secondary storage
ar chi vi dat a st$hrih have ggﬁpgg%g accessed since the specified date; and
the deleting means comprises means for deleting from the

mass storage means file portions which have not been

accessed since the specified date, while retaining on the

mass storage means file portions which have been accessed
15 since the specified date. ' :

22. A computer system according to claim 21, in
whlch the archiving means and the deleting means comprise
means for archiving and deleting those file portions which
20 have not been accessed since the specified date and have
already been backed up a predetermined number of times.

23. ‘A computer system according to claim 20, 21 and
22, in which the computer system comprises a file
25 allocation table which defines the locations of file

portions on the mass storage means, and in which the
deleting means comprises means for amending the file
allocation table.

30 24. A computer system according to claim 23, in

which the file portions are blocks corresponding to the
elemental blocks identified in the file allocation table.

- 21 -
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syst em whi ch includes a random access nenory, a ceri%‘gY\

processi ng uni tPGTss storag@%%&%ﬁﬁW"&ﬁgef | f ,
ot 1t PO noRAL PR iR ryspen unper 1o pariy, coOPERXFON HemaTy, e

PI GC ef5(S1) Miflernatibrial PatentClasgifeation § : - def1} i@ PARBiRYNMRed: 0 AW 96718960
sel ec} ed gigFazmpor €d in . theamgss storage neans onto the secondary
storapge means to rel ease spacgq (43ninterpationsl Publication Bates e ardl June 1986 (20.06.96)
cent r gt ProcCessing untt conmandfng tne 10l T ow Ng operations. 30

pr ovi p@n gntérating) AjpliationtNamperf i | e mcbesmm*mmd&ag S&tf: AL.EM a(:x%u, BRY 'BRI'S BJI;, CKg’
dat abpse which identifies file porti ' g j
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dat abhse file portions which haye beesk BCTMSITEUs, US5UZ, VN, European patent (AT,

ar chi y®@rierty Pit® secondary st orage neans BE, CH, DE, Pi5 X8 FRs 6P GR; [H H,, LU, MC, NL,
portipns wi¥BHMBave no’tsvﬁ‘é’@'l’f”a?e‘b‘g%?@ﬂ); Pd ES%OAHSQG‘%@T%QWQ O
fromfhe mass storage nmeans file portgnpgﬁbﬁil ch have not” been '
acces et} Appiltint:aNTRLRIENCEQUOTIENT INTERNATIONAL -7 -
WDO6/ 1896O§U%Mrlwmpgmmﬁf§¥$m®@m%ﬁ'/lb(%’?mg;lj t he nmass
storapge ne NeM have beg o ) d. -

9 9(72) InvenesFEt MRCCOANE B6d] Bifant Grighbrtiong Bark, || N vvhlvgﬁl '?eﬁ"gmmggﬁﬁéﬁoﬁ step of

provi fi Ng aswdakhy DévbrEEX20 dRUL @BRSE CONPr | Ses providing an auxiliary
dat abpse. whi ch_identifies fil.%edd, &G : portions in the file to which
accesp™ 1c %@%’n( ‘)° rose, fdte or date/time at which accesses
was npde; the ’ rdentitying stepjconprises identifying fromthe
auxiltary 10 dat abase file portions which have been accessed since
a

(54) Title: STORAGE OF COMPUTER DATA

(57) Abstract

In a hierarchical storage management system, files are automatically . BEGIN F".E ACCESS

archived when they have not been accessed for a specified period. With large (WR"EUR REAm 20

database files, the file cannot be archived, even though only a small number

of records has been used. In this invention an auxiliary database is maintained

indicating which data blocks have been accessed and on what dates. Non- ‘

accessed blocks can then be archived and deléted from the disk file to reduce

storage requirements. : IUENTIFV FILE '\—22
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specified date and file portions mhlch have not been accessed

since the specified date; the step of achiving conprlses

ar chi vi ng t Wods189exrondary storage means at | east EWF %
portions which have not been accessed 15 ' si nce the speci |ed zﬂ
and. the step of deleting - conprises deleting fromthe mass
storage neans file portions which have not been accessed since
t he specified . dat e, mhileggpﬁaining on the mass storage neans
file portlons whi ch have accessed since the specified 20
dat e. ording to claim9, in which the
ar chi ving and deletlng st eps coﬂE?ﬂgg GEhIVIng and del eti ng
those file pactians which bave not heen accessed 25 since the
speci fied date and have al ready been backed up a preﬁeternined
nunber of tiines. 11. A nmet hod according to clfaim8, 9 or

10, in
t abl e whi ch{def|n

st orage rrearﬁ\ , WMBW C
the file al
claim1l, ih wh

t he el ement &l
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13. A conmputer system which includes a random access
menory, a central processing unit, mass storage nmeans, and

appar at us PO 96448040, \i ng data stored in the conput weT/6864/2817 | N
whi ch the said apparatus conprises: 5 ' means f or
providing instructions stored in the random access nenory to the
central processing unit to cause the processing unit to seek to
access data stored in ?%?S storage neans by generating at

| east a read request means for identifying
a file to which access is reqU|red means
for identifying file portions.in the file to which access is
necessary; and means for accessing the file portions;
15 characterised by nmeans for building an

auxi | iary database which identifies the file portions to whi ch
access is to be nade. 14. A conputer system according to
claim13, in 20 whi ch the means for providing instructions stored in
t he random access nenory to the central processing unit causes
the processing unit to seek to access data stored in the mass

. storage neans by generating either a wite request or a read
request. 25 15. A conputer system according to claim114, in
whi ch the auxiliary database furth i ne mhether t he access
is awite access or a read accessjfrféé :§ A conput er
system according to claim13, 14 o |n whi ch the building
nmeans identifies the file partions tn mh|ch access is to be made

and the date or date Iwﬂ ss i s made. 35
17. A conmputer system c L

| ai 13 to 16,
in which the conputer system o OR REWB) al l ocation table
whi ch defines the | ocations of . '

IDENTIFY FILE ~—22
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GET STARTING OFFSET
GET ACCESS LENGTH [~—2
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INSERT FILE ACCESS RECORD

IN AUXILIARY DATABASE,
CONSOLIDATING - DUPLICATES \25_

L AND UVfRLAPS |
MAKE ORIGINAL |
FILE_ACCESS [~
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portions on the nmass storage neans, the apparatus further
conprising neans for checking the file allocation table to

- 49 - WO 96/18%60) 96/ 18960 . PCT/ GB95/ 02817 PCT/GB95/02817
determ ne whether the file portions are on the nass st orage
devi ce. - 18. A conmputer systemaccording to claim17, in
5 which the file portions are bl ocks corresponding to the

el emental blocks identified in the fij ? | | ocation table. 19.
A conputer system according to any ofv €él4ins 13 to 18, in which
the conputer system conprises s ry 0 - storage means for
storing archived files, and nea Ef- retrieving the file
portions fromthe secondary storage - means when the checking step
determ nes that the file portions are not on the nmass storage
devi ce. 15 20. stem whi ch i ncludes a random

access nenory, a central pro
secondary storage neans, and a
in the conputer system in which thg

ss storage nmeans,
archiving data stored
sai d apparatus conpri ses:

20 means fo ructions stored in the
random access nenory to the j ng unit to cause the
central processing unit to al dat a stored in the

mass st orage neans onto the secondafy storage neans to rel ease
space on the mass starage neans: 25 means for providing in

irglez;: : ](c)ine;of ;’il fel le tp MRV AUX]UARV cﬂlAYﬁEESEaml | ary database which
| DISTINGUISH BLOCKS ACCESSED
AND NOT ACCESSED SINCE
SPECIFIED DATE

'

IDENTIFY NON-ACCESSED BLOCKS

BACKUP
NON-ACCESSED_BLOCKS
AMEND FAT TO
CONVERT TO SPARSE FILE




portions in the file to which access has been nade;

nmeans for identifying fromthe auxiliary dat abase file portions
whi ch have W88k essed; 30 - means for archﬁ&,&g,%&ﬁiﬁe
secondary storage nmeans at |east sonme file portions whic ave
nat been accessed; and means for deleting
fromthe mass storage neans ., file portions which have not been
accessed, while 35 r et ai ni nqu(1 é he mass storage neans file portions
whi ch have been acc (3 21. - A conput er system
according to claim23, in eF§T ,Wh{ 2h the neans for providing an
auxi | i ary dat abase - 20 -

WO 96/ 18960 : 50 conpri ses
means for providing an aux\| 2 identifies file
portions in the file to which as been nade and the date

made; the identifying neans
rom.t auxi liary database file

or date/tinme at which accesses
conprises neans for 5

portions whi ch ha : (of 4 Y specified date and file
portions which have not been a ' e the specified dat e;
the archiving neans conprises neans] for archiving to t he
secondary storage neans .2 2 ghe file porti onsﬁl‘lo : whi ch have

t he del eting

S St ELATARIING ET=le 00 e et oe
file portions which have_no EJ&&RD [ENGT agcessed since the specified

date, while retaining on the mass storage neans file portions
whi ch have been accessed 15 since the specified date.

66

CHECK FAT ™
T0 DETERMINE WHETHER IT
IS A REQUEST TG READ
MIGRATED BLOCK(S)

DE-MIGRATE BLOCKS |~ 96

F

INSERT FILE ACCESS RECORD
IN AUXILIARY DATABASE, | —70
CONSOLIDATING DUPLICATES
AND OVERLAPS |

;

M/ 7E ORIGINAL | —~72
LEREAD [

"




~ A conputer systemaccording to claim2l, in “whi ch the

arc%)% ng neans and the del eti ng neans conprise _ means for

~at gl vi ng aMD M#18860 ng those file portions which 20 hapeT/eBds/628EN
aceessed si nce the specified date and have al ready been backed up
a predeterm ned nunber of tines. 23. A conputer system
according to claim 20, 21 and- in which the conputer system
conprises a file 25 al | ocatlogg Ie whi ch defines the |ocations of
file ~ portions on the mass ge neans, and in which the

del eti ng nmeans conprises neans for anending the file ' al l ocation
table. 30 24. A conputer system according to claim23, in
which the file portions are bl ocks corresponding to the el enent al

bl ocks |dent|f|ed in the file allﬁdn t?)le
- 21 -
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