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Met hod and Apparatus for Allocation of Disk Mermory Space for (vpss
Conpressed Data Records FI ELD OF THE | NVENTI ON Thi s invention
rel ates generally to methods and apparatus for managenent of allocation of
storage areas for conpressed data and, nore particularly, to a nethod and
apparatus for allocation of nenory space which assures a likelihood t hat

conpr essed, updat ed dat a, upon reconpression will fit into an
originally allocated Hh?bpdahndeﬁcnp?rp@mst ifom. AL1BAGSKEROUND DEsEHE

| NVENTI ON Dat a GRIRS:E5 Hkd Nl Sd‘on?féé’éﬁi‘%td hddirdl | OF art,
required the use of conplex fil'e systens, - structured systems A

| og-structured file systemis a techni que for di sk storage nanagenent
“wherein all nodifications to a disk are witten sequentially to a log- like
file structure. The log-like file structure contains indexing information
so that stored files can be read back fromthe log in an efficient manner.
An aspect of SEEKELD STHBRCINVENTAONaysS is that large free areas are

mai nt ai ned on the disk in order to speed-up the wite process. To nmaintain
the large free areas, the log is divided into segnents, and a segnent
"cleaner" is enpl oyBhuiso twngntebeni nfelates orgdneomligavitby fetbodst ednd
segnents, ther %%rg_%(étnsc t

such probl em w ]Ii%tg&és{%u%?ﬁ%e arrayfg@'rlr gi%ﬂﬁéﬁﬂ%‘ﬁﬂ ogweéstltﬁ g 25eas %%
substanti al didqupressed data @F’d’rag@o?@gpéﬁ%lﬁ%l@’éi}’t héomasme@md] andt ..
sequenti al datz&oﬁ%xﬂé pesor®1 ¥edek wndicH hidud8A ﬁfé@%ﬁf&}@%&ﬁ&@y@ cal

storage | ocatign Thus, when sequential accessing of data record
kelihood that compressed, updated data, . upon

recompression will fit into an originally allocated
physical memory position.

BACKGRO OF THE INVENTION

Data compression in disk arrays has, in the prior art,
required the use of complex file systems, e.g., log-
‘structured systems. A log-structured file system is a
technique for disk storage management wherein all
modifications to a disk are written sequentially to a log--
like file structure. The log-like file structure contains
indexing information so that stored files can be read back
from the log in an efficient manner. BAn aspect of such
log-structured arrays is that large free areas are
maintained on the disk in order to speed-up the write
process. To maintain the large free areas, the log is

- divided into segments, and a segment *cleaner" is employed
to compress information from heavily fragmented segments,
thereby freeing up segments for subsequent writes.

One such problem with log-structured arrays is that
they result in a substantial diffusion of data storage
regions across the disk, such that sequential data records
become widely distributed across separated physical storage
locations. Thus, when sequential accessing of data records
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2 I's perfornmed, overall disk performance suffers due to the |arge nunber
of novenents that are required to position and reposition read/ wite heads
to acconplish the sequential data accesses. As above indicated, in a
| og-structured disk controller that supports data conpression, wites to
disk are not witten in place, but instead? are witten to new |l ocations on
the disk that were previously enpty. The disk controller divides the disk
into segnents,,sonme of which are kept. "enpty". New wites fromthe system
are written i mt® BeEtOFEefocalegantt Aif e RFETOXBERER: SUEAerg Fueufe, thsch
wite or updatEPafigé anaabiseofl dvidddehts thatwaré tesql Drée@w P Rpysiitdlon and

| ocati ons, and_the sical l,gcat.ions of.the data are., sub uent | .
col l ected and T€ %%§Q¥%Ir1 Fﬁf“lg?gr\htlet gase_ads o acf(%OT}.ngSg.sh Pgﬁ n?eg,'.lél?l‘-t,lggz to
Brady et al. (&t aactgnedsthe sane Assignee as this application), an

I nproved nethod for control of log structured data storage includes the
steps of: aIIocatigg%a first ampunt of disk space for a conpressed data

unit as a first preletePPPNEd pErekPAER@: of 18n @ncolgs esbrictEred of dikk

data unit; andcé:!i‘@f’oil'éfe@ﬁé.ﬂgshb?p@i:lsoﬁathoﬂoﬁiérés§§6ﬁ0dwEiEQQt ebNhRed
percentage that is |ess t{)an t he rst pgedet,erm nad gercentage to obtain a
total amount A*aIPILaFEY E?Ek’%pﬁi@?’e'fh Ut LBEtERGHe RERNIRAHESEr EOnP8Ye i s

a function of. htcakbens esh apdEsH thatawvepel pretvthoudby cemiptiy. amthel Besk .
second predetermne er.c I s,a functiqn of an expected conpression
ratio for the %(g%%rcg)nf Ta g%;%ggxg:gx& (é?‘sg%fﬁgteo i%e%%nx‘g?'zes%‘f‘etﬂ which
conpressed datarenkept Thempbyhod Newt weitedufiroy theupgatemopreawrdnten
conpares the sj 0, u uRj he t al t of
al | ocat ed di sii‘éﬁ%c%eﬁ%ﬁf.g}oi?ﬁéegﬁzQgg?ﬁ?hgﬁ“%gxprgéés“‘gﬁe t%f)da edgqé"?gaﬁgi't i s
equal to or | esachHanlteox dpdaterinta auges dhedatia it pecwrithen to
conpressed UpGg@dokpsPch s :@é@é&%hﬁ?f&hﬁ- the pAPEM:EE. 18EBBLOALSKE the

data are subsequently collected and reused for future
writes. '

i

In U. S. Patent 5,574,952 to Brady et al. ({(and
assigned the same Assignee as this application), an
improved method for control of log structured data storage
includes the steps of: allocating a firxst amount of disk
space for a compressed data unit as a first predetermined
percentage of an uncompressed size of the data unit; and
then increasing the allocation by a second predetermined
percentage that is less than the first predetermined
percentage to obtain a total amount of allocated disk
space. The first predetermined percentage is a function of
an expected compression ratio for the data .unit and the
second predetermined percentage is a function of an
expected compression ratio for the data unit and an
expected change in the size of the compressed data unit.
The method further, during an upd:'—.ite operation, compares
the size of a compressed updated data unit to the total
amount of allocated disk space and if the size of the
compressed updated data unit is equal to or less than the
total amount of allocated disk space, the cowmpressed
updated data is storxed therein. Otherwise, other disk
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3 space is allocated for storage of the conpressed data unit.
The Brady et al. procedure described above, reduces the physical
di spersion problem of data, but does not insure that data which is
recorded to disk in conpressed formis logically sequential in the

initially allocated physical sequence on3 the disk. The teachings
and disclosure of U S. Patent 5,574,952 are incorporated herein by
r ef er ence. U S. Patent 5,537,588 to Engel nann et al., assigned to

the sane Assi gnéeags ifizsllemtedtion starsgedescihdrupresapd daie undd .
file systemfor partitioning of disk space. The nethod di scl osed by
Engel mann et al. includes the steps of partitioning the_disk data storage

systeminto multipl eThBaPEREYoRE 3| BEPFRAUTS stesrriied oRBOKS Y & FELYRES
The first partthéophysimiiagddsperaibag-sidblcdmir of fddita SYBUEMddéd not

storage of segnents_th r onpri.sed of activ ta .,unjts, each having
an access acti viE§*Yal géaghgﬁ%é’xé" a® p‘?%%%‘f‘%qdn%ﬁ%dd%ﬁ e%ﬂof:&?“pwaﬁﬁ’ﬁa
t he second partformnisdategicaily sequentiall timatther eihbstahlyi wdlandted
exhi bit an acc h Vi that is.le han t fi A t ernisned
t hreshol d. eﬁﬁysﬁﬁég %’é‘[ﬁé%%leg 2%9 4E§et oa%fsf(l’er e?ﬁgl E%%gglag‘ggs égld
di sk storage aldbeelesnrpr Redlre Shedatent dPsR74ePB2y a1  parerppratedt o

provi de a firsthaBaPhYLFPREEerBALeCONt @i ns a | arge nunber of nenory :
|l ocations of a first size that are capable of storing a conpressed versio

of a block of data. A further partition is provided which includes a
second nenory spaceg¢ost apataegtasl 8Bgesesnber Eafelmanhyet 082t i, 0OB8sighed

fixed si t hat bl f, stori d i f .a dat

bl ock. Wihen dat’s0 (YRS IR ATEITHSR S () ARR LeHhieRy s 8158n 4oPErAbernan
det ect ed whet helowst_:mﬁctuaeﬂ Liherepseem bfoc pard idsicsrimlg ods diski spacei.ze
to fit wthingfie w;]é n}?c%%e T E BN E‘-’L@?é%gét d1€ GRS ehe H8LRs

bl'ocks that fit W thi T1Tst space a
of partitioning the disk data storage system into multiple

partitions, including first and second partitions. The

, first partition is managed as a log-structured file system

for storage of segments that are comprised of active data

units, each having; an access activity value that exceeds a

" predetermined threshold. Within the second partition, data

units are stored that are less active and exhibit an access

activity value that is less than the first predetermined
threshold.

U. S. Patent 5,237,460 to Miller et al. discloses a
disk storage allocation procedure wherein a disk memory is
partitioned to provide a first memory space that contains
a large number of memory locations of a first size that are
capable of storing a compressed version of a block of data.
A further partition is provided which includes a second
memory space containing a large number of memory locations
of a fixed size that are capable of storing an uncompressed
version of a data block. When data blocks are received,
they are compressed and it-is then detected whether or not
each compressed block is as small as a first size to fit
within the first memory space. Thereafter, the compressed
data blocks that fit within the first space are stored
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therein and those which do not fit are stored in the second data space in

unconpressed form It is known in the art to spread data across

| arge arrays of small inexpensive disks. Such a systemis described by
Patterson et al. in "Redundant Array of I|Inexpensive Disks (RAID) ", ACM

Si gnod Conference, Chicago, Illinois, June,1-3, 1988, pages 109-116.

In a RAID structure, various arrangenents of data segregation are described
across multiple disk drives. It is desirable that any nmenory all ocation

procedure whi chaacoimtdad ahssmesseddabs et conpadddd«ad Wird BhBAsBcond
organi zati ons. Accordin ' object of this-invention to

| it
provi de an inpfgvgﬂ‘ﬂ%%%?ylgtgggé@pgﬁﬁéggﬁg8ﬁmnethod for conpressed data.

It is another object of this invention to provide an inproved nmerory
storage all ocation h p Lch_a S

i kel i hood t hat physr?t}:a gy?{g%a%e%ql{ Z{'#éi %?F. glol'ygﬂaqﬁ%?cgqéeﬁﬁdlggggés%a%gr%elI
acconmodat e comprasedofupamedl deexpenwivs. disks. | Such yat ayafiewer is
object of thisdJduepad R PPAYtdesaR | 8pr qved TRt hoge @R appanahys, f 8k
al l ocation of conpressed data across di sk surfaces which 1s conpatible with
RAI D or gani zat ilgifpensiypiisks REPNeRROI1igmod Copteyenesy aRlifagRed

al  ocat es di sk 1IENMRoL $paCRdedr 1SBQr agesef godgses30d-1a6Qr ds Bnd aenrAkSS
t he conpressed, records to be_stored in sequenti |(xu%£05|t|pns on the.

al
di'sk nenory spAtEUSHIF Sy ROHLIGRE AFRATIRETNS (REr GAbe, RRSTFIAMG AT S
| i kel i hood t hatdessrmilesd cdcropdamed trigder diisk | drivesin tite e dendrhbple

al l ocated physiale POR)! nfiRryULi 1cadiBie HiSleaulled S35 9acooth8aalBLOd

‘compressed data be compatible with RAID organizations.

Accordingly, it is an object of this invention to
provide .an improved memory storage allocation method for
compressed data.

i i

It is another object of this invention to provide an
improved memory storage allocation method and apparatﬁs
which assures a reasonable 1likelihood that physically
sequential, initially allocated disk space will accommodate
compressed, updated data records.

It is yet another object of this invention to provide
an improved wmethod and apparatus for allocation of
compressed data across disk surfaces which is compatible
with RAID organizations.

SUMMARY OF THE INVENTION

A system and method allocates disk memory space for
storage of compressed records and enables the compressed
records to be stored in sequential physical positions on
the disk memory space. The method and apparatus further
assures a substantial likelihood that compressed, updated
records will fit in the originally allocated physical
positions during subsequent processing. The method



5 conprises: conpressing a record; determ ning a conpression ratio (CR)
value and a maximnumrun length (RL) of contiguous identical data segnents
in the unconpressed record; determining a corrected conpression ratio (CCR)
by repeating conpression of the record without the RL of contiguous

I dentical data segnents included in the récord; and if the CCR value
Is less than a historically experienced record conpression ratio,

enpl oying the CCR value to allocate nmenory space for, the conpressed record.
If CCR val ue EGURFSSEE: o fBRFEIHAECRIGSPHE; TRSEERIRY fo COEPFESSLAR t o
E! | OCilte rrerrglfatsagpecﬁpr {rf[lEuéeCéhlic_d- a Bigé;EﬁmﬁESG%irP_TIl@iig@ﬁ TH&'IERA\AE\IGS

i g. Is a block.diagramjllustrating a data processi systemthat is
const ruct ed aﬁangbg}lgﬁgd ﬁdr?ne&’cciﬁ aﬁ@ga\/\ﬁm 1S ﬁ%}entir}?eon. ncompresgeds  og
and 2b conprisecarfipgietértiningi agemedied ¢cluiprdssicas rnatd oli (SICRIpage

al l ocation pr h | 14 1,.7zed £by; e m . Qf .yl TALLLED
DESCRI PTI ON ogg§€§£ FR%E?Tﬂda% e_Lgéldr; P i%ﬁ%]or%ég.gﬁdev&%}g%‘% kb B ?lfl_
hereafter, theophiguenenidentiorl (daeri sraments Hnalyded dmothehaegordsat i on
of nmenory spaggqonif npraetéerdi ¢1640r fage, 1bBat R8ni N¥eNhigRohs caqudl | Y
applicable to angﬁgl rect access storage device wherein data records are

stored in traf¥RCHARNGRd XECOTSe FHPFLPIIPY o LAE e MURIGYASSh BheeSGRwr it e
tra{lsduclzgr_andamér@@faldloc%te M?f%im&@ g thb a_t &-téspia@_cgéab&_a. :
system is n ucted an perated in.accor e i s venti on.
System 10 i ncfgoééé FUHG PN, 08 SERG AR {éﬁ?% V&%ﬂ cﬁq‘? g&cgﬁ ME&d,

by a bus isystiihnized4to adlocatedabmorynppaseofbdethapressed.nodul e 1
and a nenory .18. An '

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a block diagram illustrating a data
processing system that is constructed and operated in
accordance with this invention.

Figs..2a and 2b comprise a logicai flow diagram which
illustrates the disk space allocation procedure that is
utilized by the system of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that while, hereafter, the
invention will be described in the context of the
allocation of memory space on a magnetic disgk surface, that
the invention is equally applicable to any dirxect access

" storage device wherein data records are stored in tracks
and are accessed by relative movement between a read/write
transducer and a track.

Referring to Fig. 1, a data processing system 10 is
constructed and operated in accordance with this invention.
System 10 includes a central processing unit (CPU) 12 which
is coupled, by a bus system 14, to a data
compressor/decompressor module 16 and a memory 18. An



6 I nput / out put (170 interface 20, provi des data communi cati ons
with a host processor (not shown). Wthin nenory 18 is a di sk space

al | ocati on procedure 20 (anong ot hers) which enables allocation of the disk
space in a connected di sk nmenory 22. Hereafter, it will be

under stood that disk space allocation procgdure 18 controls CPU 12 to

all ocate nenory space on disk drive 22 so that logically sequenti al

records, when stored in conpressed formonto disk drive 22, are stored in
physi cal | y codnpgigestpmtat i 005/050 ainteréaeakl e 2@quentgralvivest es dath

reads to occur, | Lni_nal _tine.,.Such allocati o pot ent.ial

i ncreases in 4% g‘uglz%g qn&%tg £ :}é%sutftp)?é%%$%fufrg%%g&§gdat§§;t%n
conserve di skmgmory Sfaces zodpekssprigecdipaddon erdaedams @fed(amehg
enables data peg@idy afiich NankBIEYOBINCEAIR (SECcRO GosRespARR' Eisr?eagyf or

recordi ng onto sk drive ) Ile a log structure is created
CPU- 12 and i sConBesdech dhal memame Zdhecific arrangement of the |og
structure is not directly relevant to.this invention and will not be

further considered, It is sufficient.fo.state.that the lo Lnfains track
of where various Igﬁiréé‘lf%ﬁ%corag c%hl%e k}eouﬁﬁdﬁﬁsé?ga d:lbﬁ%engé? sCRECR o
enabl e subseqatibcatdesspirberehare 18 contiroliss CRUCRRt tal albatatte mdmdiy S

i nvention tha al.locat Lon d , 1O es¢l] | o |.l.ocat es
sufficient mé%gr%ggsp ce @%é]gna Jg‘ggt (L)Er%gestoof Eglagon%[r’gggg%fgat%q:&%?ﬂﬁand '
accommodat es rheoyds,i whehzstotredhineeupressed figyon ohroudéskpdaies, 22,

i thout T equl 60 & A 9fn oy Aaly | AL AL 186adabfs ! CEYT ST NE

di sk surface. ile the net cannot “assur e, ¢i rcunst ances,

sufficient di'SRapdgorSedirRiial | Wnides apdbreads 4 onredat dnalminiemt e
situations --tamet habu¥RULT]BEa¥ASHE! HbcBhmduskeSpatenttal tinSraadds Nk pal

obj ect of thi aata size which might result from future data updates. To

consexrve disk drive space, compressor/decompressor 16 is

employed and enables data records arriving through I/0

i interface 20 to be compressed for recording onto disk drive
22.

While a log structure is created by CPU-12 and is
stored in RaM 18, the specific arrangement of the log
structure is not directly relevant to this invention and
will not be further considered. It is sufficient to state
that the log maintains track of where wvarious logical
records can be found on disk drive 22, so as to enable
subsequent access thereto.

It is a central feature of this invention that the
allocation procedure, to be described below, allocates
sufficient memory space to enable storage of a compressed
data record and accommodates changes in size of the data
record upon future updates, without requiring a change of
physical location of the data record on the disk surface.
While the method cannot assure, in all circumstances, that
sufficient disk memory space will be available to
accommodate all update situations -- as that would be
wasteful of disk space -- it is a principal object of this



7 I nvention to assure that, in nost situations, sufficient disk space

wll be pre-allocated so as to accommobdate changes in size of updated data
records. During the description of the disk space allocation
procedure, certain paranmeters will be referred to that are hereafter

defi ned: Conpression ratio .(GR) is the ratio of size of

an unconpressed data record to the conpressed size of the data record.
For instance, if a 4000 byte record conpresses to 1000 bytes, CR=4.

Extra Space: tihvenitdonhdcspessuaeldedaby thembsst situatioeess st fdilent
system or dat g;bBasessystepihq | gav —al iyt fid e | records
RSRSSSIS OB, |58 e T 0ARAD 108, W 55, MM glad

|
for the additions . new | ogic recor r?e. a space
in the physi c6hapgesr dnspdee of nefatef daty aafiards. cannot be added

wi t hout the use of conplex pointers to overflow areas or a simlar
mechani sm JPad: .is ercent of conpressed record which is
added to provide fBPTéRFatdico REEOR cRbr Bhpsdisk gpasecRllogrtdam

normal |y conppiseedareyncettaghoparameters willMbaifereRued Lesaitad Rys i S

a maxi mum | engt h centiguous identical bytes found in an unconpressed
record. ﬂereg%&??eﬁfagéflf ‘(ES): is the ampbunt of contiguous space
allocated to an unconpressed file and can I ncl ude nmulti.ple records and

can extend froma singl @omgre%%i%ﬁ Tr%.é:r{'g LicR)E YPEES ratio of siRTeY d
Size (RS): the size of an tnconpresse :
an uncompressed data record to the compressed size of
the da_ta record. For instance, if a 4000 byte record

compresses to 1000 bytes, CR=4.

BExtra Space: this is the space added by the host
processoxr’s file system or data base system to leave
room in the file’s physical records for the additions
of new logical records over time. Without extra space
in the physical record space, a new logical record
cannot be added;without the use of complex pointers to
overflow areas or a similar mechaniem.

Pad: is a percent of a compressed record which is
added to provide for expansion when the record is
updated. Pad data normally comprises a run of zero’s.

Maximum Run Length (RL): is a maximum length of
contiguous identical bytes found in an uncompressed
record. '

Extent Size (ES): is the amount of contiguous
space allocated to an uncowmpressed file and can
include multiple records and can extend from a single
track to multiple tracks.

Record Size (RS}): the size of an uncompressed
physical record, including any embedded, but unused
space added to f£ill an allocated memory size {as



'bhysi cal record, including any enbedded, but unused space added to fill

an allocated nenory size (as 8
contrasted to pad data which is provided for expansion space).
Conpressed Record Size (CRS) is the size of a conpressed record,

I ncl udi ng any enbedded, but unused sp%ce added to fill an allocated
menory size (as contrasted to pad data which is provided for expansion
space). e n g,gg) o of a .
record size |less t%gﬂ{ n%%ﬁneﬁcgnt:r%a%d aggg ﬁ?&ﬁqts( ldﬁg ?%%oé#ésﬁgleon

di vided by the corgRa&®s) on ratio; or: (RS-RL)/(RS/ CR).

Expected Conpression Ratio (ECR): is the historically experienced
conpression ratio. Run Length Limt é L)) i s a per.cent of
record size that | CIPIREIRLIREEOFAYISEEECe nkfoFpesFice °f ahoul d

be tenmporarily al las#dssssed record, idrdliddircs a&ﬂyeembéaaeaslbﬁtrxaﬁu@e&CR)

bel ow whi ch fixed sp al ] oc . | n brief,

procedure of the |%n¥en§d§gco€?c)l i SJ% %% %ﬁﬁ?’lcgltegl I'B%%?%ns&fzeneﬁﬁ?y
space by all ocati repremtpstied dlo ppdcdatn whpblysis pirotiigled Hazeexparaianr un

| engt h paraneter r lgyed from conpressor 16 and the conpression ratio. The
met hod of the inverition allows an allocation of space which will maintain

sequential positions of the records, upon update. As a result, the nethod.
sacrifices a little of ddis-fOt&At bShbyedyPon AU ELEACCRPIPLESShO ratio
. of a record size less the maximum run length data, to
the record size divided by the compression ratio; or:
(RS-RL) / (RS/CR) . '

Expected Compression Ratioc (ECR): is the
historically experienced compression ratio.

Run Length Limit ({RLL): is a percent of record
size that is to’'be used to indicate that memory space
should be temporarily allocated. '

Limit: is the compression ratio {CR}, below which
fixed memory space is allocated.

In brief, the procedure of the invention accomplishes
an initial allocation of memory space by allocating
sequential space on a physical disk, based upon a zrun
length parameter received from compressor 16 and the

" compression ratio. The method of the invention allows an
allocation of space which will waintain sequential
positions of the records, upon update. As a result, the
method sacrifices a little of the potentially available

data compression.

To accomplish the method, the compression ratio {(CR)
achieved as a result of an initial compression of a record
is examined to determine if CR is legs than a predetermined



To acconplish the nethod, the conpression ratio (CR) achieved as a result
of an initial conpression of a record is examned to determine if CRis

| ess than a predeterm ned 9 val ue
(e.g. 5 or less). Such aresult is interpreted as indicating that the
nunber of contiguous, identical bytes coufted in the RL is small enough to
ignore. That is, the file system or database system has used up or did not
al l ocate much extra space in the record and it can be,ignored in the

al | ocated spaf®U¢n{€u8h & Qkel®thb nd¥FHuR FAFFHengt® JBFEEPEYRERE! B6m i s
ulst to dete ][iﬁdt'ﬁcathﬂg regaedebe gﬁﬁﬁ@%&g BEr abh@i@ﬁé'gﬁ , a%e@tﬁb&&d %Jytelsl

al l ocation of _nmenory s I 5. made _ba upon. t he . re,specific Y,
by basi ng trmf?ﬁﬁﬁﬁ% E%ggﬁeaﬁFoﬁﬁtFBﬁi neangPaEPvé99°F8m/%ﬁagaﬁ e 3fd
cal cul ated CGRlal sgbtemt g Hekaebpsthatysthem ahbecatss=dl space didl nolte
sufficient t%l@&&@mﬂﬁhe a‘?q%g%tcfe“pﬂ?t Ege record Bé{nﬁor:\hraéén f. the
conpression ratto 1s higher ant atforésard limt val ué, fhe Tesult is
i nterpreted donaed) impdhgosdlorased spaciee dntautha caRs.csdedmbatimam t han

expected and /{1 [COGUETEIAR BREBE U 150uRe @I ES UM i 2CYE8EE cRb UN
| ength data (e.g., top rran%ﬁgad bﬁtRSS)' For jnstance, with comerci al
f

dat abase dat £OUPKEHHIM FokiPatlF st & thigee @?%%M.O#owewam ne
code programgdgdes, ié hhadepeeisull capdhesheoCORAt iMb | spgdeieishl Yy noby
exceed about .2. 2. Ttl_I system.i s_accor d;ﬁﬁl X‘v'\ﬁri med with tEese vgl’tues 0 set
the Limt, bdasidsh RN SRATE BERGERPR B8R R BERIVELYOLOFs Roo
hi gh and i s usedid ofamidnoa}csjatedalCCR avrabue) j t its ilsi delkelyhathébothett| e
menory space._ Wil | d co d < Ufs u te Lf, as
stated above;awt%aecg%%xcgé%égt héﬁLll%'?ri t,ﬁg?h%b%[f&#égg%am%d %ﬁaomtln?daltfe
exceeds the subsequenth updatepercentage of the RS, the nenory space is
allocated on a variable basis, using the ECR The reason the nenory space

is variably allocated is that the estimate of space may . )
. By contrast, if the compression ratid is higher than

the aforesaid limit wvalue, the result is interpreted as
being too good. That is, the data has compressed better
than expected and the compression may be due to a presence
of an excess of xrun fength data {(e.g., too many pad bytes).
For instance, with commercial database data, a compression
ratio of more than 5 is suspect. For machine code program
files, the expected compression ratio will generally not
exceed about 2.2. The system is accordingly primed with
these values to set the Limit, based on the type of data
being written to disk. If Cr is too high and is used for
memory space allocation, it is 1likely that too 1little
memory space will be allocated to accommodate future
updates. '

1f, as stated above, the CR exceeds the Limit, the RL
is examined and if it exceeds the run length 1limit
percentage of the RS, the memory space is allocated on a
variable basis, using the ECR. The reason the memory space
is variably allocated is that the estimate of space may
have too much risk in it because the amount of Extra Space
in the record is so large as to make a calculation based on
the CCR value unreliable.



have too nuch risk in it because the anmpbunt of Extra Space in the record is
so large as to nmake a cal cul ati on based on the CCR val ue unreli abl e.

10 When space that is variably allocated |ater receives update
wites, the CR and RL are used to establiﬁg whet her the variable allocation
shoul d now be converted to a fixed allocation. If yes, new space is

all ocated using the CCR value in the sanme manner as aforesaid.

Turning nowto Fig. 2, the detailed operation of the nmethod of the
invention will be described. Initially, the unconpressed Record Size (RS)

i s recorded (box 3BPeEnEPASEN HHRE riet ofar LY ial lenaias daFetb peceives The

conpressor ouf;pghset Rei€eBpr essl @R kel RL( SR 888dtHe JEREPIIBH Whdtgngt h

RL b 34 t ti l,cul at ed
Lhrbugh use. ERERESFORPISE A LGCATSCE SRty 1gH) be' Sofverted tqray s

CR* (RS- RL) / RSallocatillaxt , tftherds ,stroew cppdge ei@p@fjmuzaré&m:@s:m oaio
(ECR) is upda;,ggue ghng%l%h%arﬂ%vwnya q_?%xcué{% egoxc%%fcpd as will be understood

is used as a paranefe er el nbel ow I f menory space for the
record has not been previously allocated (deC| si on box 40), the CCR val ue

i's conpared to ECRT(foﬁ?Lh%’ AW ®6 4g. 14, e ddtay éaed faec%ﬂ (R

then it is assuned _that a nenory sp ace al | ocati on based r‘Baqjtﬁ'ae
sufficiently mebhegr 94t Fhe i-BVﬁEEéFPﬁ‘DU&tlé bandegeriped ec&r&w&m the

Accordingly, antbpgeakedcRELORAOEIHBNYRE) SPRGRcdiIRE 4&%}:‘ 30 arid! et
g?i:?cggén thghgogeco£3;é%égeigl%ompressed {box 32). e com; e§§§¥16nt-
- ‘outputs the compression ratio (CR) and the maximum run -
length (RL) (box 34). Next, the corrected compression ratio
(CCR) is calculated through use of the follow1ng'express1on

{(box 36):

CCR = CR*{(RS-RL) /RS

Next, the historically experienced compression ratio
(ECR) is updated, using the newly calculated CCR and, as
will be understood is used as a parameter hereinbelow {(box
38}).

If memory space for the record has not been previously
allocated (decision box 40), the CCR value is compared to
ECR {decision box 40). If the CCR value is less than ECR,
then it is assumed that a memory space allocation based on
CCR will be sufficiently conservative to accommodate

" subsequent record updates. Accordingly, a fixed allocation
of memory space (box 44} 1is calculated based upon the
following expression:

(1 + pad %) x Extent Size/CCR
The above expression indicates that the Extent Size,

reduced by a factor based upon the corrected compression
ratio and then expanded by the pad percentage, will be



The above expression indicates that the Extent Size, reduced by a factor
based upon the corrected conpression ratio and then expanded by the pad
percentage, wll be sufficient to provide a fixed allocation of
menory space for the record. More specifically, that the allocation thus
calculated will be sufficient to accormbdate future updates to the record,
wi thout requiring a re-location of the physical record space. I f, by

contrast, the .value is found to be eater than the ECR val ue (decision -
box 45) "t hBREERE FBfEy SRCATS St L3Py AbIPGCacen CfnOsnasy pRace

accor dance fibrhthdéerdabrdniMoyrespeesdiiaally, that the lllocatddr/fhusExt ent
Si ze/ ECR b r J « L.hdica th n
tenporaril yc%}Fgggt‘?gg ‘?r%%%%é)spacéoc%lsér{lﬂggé§e%'fm§‘faz‘éeg$feu ucedbg%gefact or
equal to theohither regprg, exypbhont edesmipriogsi @n reafliogationt ipf | s8eby t he
one plus thghpadcner ¢eeba@espha variable allocation occurs due to the fact
that the inirtial allocation of Extra Space may have been so large as to
make the CCR val ue unreliable. Returning to decision box 40, if

nmenory space hasiBgeBypesitedsty ghkocaRedalidels P td Wrdatkaatsr
occurring and the ggﬁ? dure rm‘\gﬁ;s Ao} de%l sion. box 50 to determ ne whet her
the memory SPaBeth ST JHREPLRN Ao%ed2dr TRPR JH1e MeMOTYe RBAGSs pace

was al |l ocat g asmfiaiskly rfilocatext (Jeter mieledinf adeoridaned rerth dthpace . .
wil | accom%i%gg%gg( ggggg%%ibgqord (decision box 52). If yes, the record

I s updated 1 and if no, overflow space is allocated and the
updated record is placed therein, with a pointer being placed in the

originally -allocated gpage 60%)5%) Extent Size/ECR

The above expression indicates that the amount of
temporarily allocated wmemory space is the Extent Size
reduced by a factor equal to the historically experienced
compression ratio, wmultiplied by the omne plus the pad
percentage. The variable allocation occurs due to the fact
that the initial allocation of Extra Space may have been so
large as to make the CCR value unreliable.

Returning to decision box 40, if memory space has been
previously allocated, then a record update is occurring and
the procedure moves to decision box 50 to determine whether
the memoxry space has been allocated as fixed or wvariable.
If memory space was allocated as fixed, it 1is next
determined if the fixed record space will accommodate the
updated record (decision box 52). If yes, the record is
updated in place (box S54) and if no, overflow space is
allocated and the updated record is placed therein, with a
pointer being placed in the originally allocated space (box
56} .

If memory space was variébly allocated {decision box
50), a newly calculated CCR value for the updated recoxd is
compared to the ECR value (decision box 58). If CCR is
found to be less than ECR, the memory space is re-allocated



‘I'f menmory space was variably allocated (decision box 50), a newy

cal cul ated CCR value for the updated record is conpared to the ECR val ue
(decision box 58). If CCRis found to be less than ECR, the nenory space is
re-all ocated 12 on a fixed basis (box
60) and the record is updated (box 62). 1¥2the newy cal cul ated CCR val ue
Is found to be greater than or equal to ECR the nenory space remains
variably all ocated and it is next determ ned whether the CCR _val ue exceeds
ECR by a t hr eSRoPd fafShteasdeci un ok 2. the jecordnisyyprapd (box

al | ocation i sszeducﬂd ﬁnake@m@neeabdumﬁ@dycmah}ﬂhi@) ishiflcindet @b Nigey
enough nenory_s ag store the c npres§§g gord and the record ig
i at

updat ed (box gxar{ h%rvﬁgf‘ & fi (0L FRYCSs ngla&t’?(? t he
record is updaaedably allobhumdtqnﬂﬂxtvwstnexb detexmilned| shathdrdaha

space s et gakt ga1aupesLanaedrgadilng URdRLED heGREdnY dieBObs Ll o) the

al |l ocat ed space ated record area an
| ocati on pl acéd) khlﬁ(ﬂ?éctﬁhﬁ(ﬂaﬁ¥§k#@sa@h§€a§1@nnm§|¥B@¢@¢d Howdces

location. In agdibizen nk%ﬂ}o'girélqcéﬁlé)n WL YT KEEa PRENG Eﬁbﬂéﬁr mteglotélgﬁ

spil area is placed in the recgrd s hone area. Wen a nhunb recaords
have been "spPPRER" O §LPFegE @quQRFQﬁF%ﬁrﬁﬁ%%rﬁsaPﬁlﬁhﬁeﬁﬁ?ﬁ¥@hls

col | ects paddipgateam (B@ﬁr@é)aﬁd Iff agles | théhevarbsbFell QUG de is -
record, in orde btain g § ace re |red tg Eold the new record and
oag; Khe A

Its paddlng F? %gFchgn%s c§ﬁﬁ8 bésaga 88‘ then the Extent is

real |l ocated to new physical space that is Iarge enough to hold the data.

Thi's physical spacggs a
physi cal |y contlgugusgggggdgge %ﬁguag%% yS|cgﬁ§%pacgb%g'%§%@% is
f ragnent ed, ohbeneaétprueaperyenced/eandktim\mwtrecbmqu orildl goti tflits may

be used to reﬁﬁVEH?yall??ate&aéﬁg lfbﬁ Wé&@%é&ﬁ 1@%1f1%r1:%910't'2>ga

description is ustr i nvent i on
al ternatives &R# %Doﬁﬁ%ataménsl‘é%n Wﬁéﬂ%eﬁ agedhdde a directory of

records that are not in their home location. In add:.tlon,
the home location is marked and a peinter to the spill area
is placed in the record’s home area. When a number of
records have been "s:pilled", a garbage collection process
is initiated which collects padding from records and tracks
in the area surrounding the record, in order to obtain more
space required to hold the new record and its padding. 1If
sufficient padding cannot be acquired, then the Extent is
reallocated to new physical space that is large enough to
hold the data. This physical space should be contiguous,
but may use more than one physically contiguous area.
Finally, 1if the physical space becomes fragmented, one of
a plurality of well-known defragmentation algorithms may be
" used to recover. '

it should be understood that the foregoing description
is only 1illustrative of the invention. Various
alternatives and modifications can be devised by those
skilled in the art without departing from the invention.
Accordingly, the present invention is intended to embrace
all such alternatives, modifications and wvariances which

fall within the scope of the appended claims.



skilled in the art without departing fromthe invention. Accordingly, t
present invention is intended to enbrace all such alternatives_ _
nodi fications and vari ances which fall W|th| n t he scope of the a ended

(C:::_,%\II rrI\/blé 1. A nethod for allocating ?’r?ermry spacumu mlil ullug “cll"

conpressed records which enabl es said conpressed recofds’ td bé stored in
sequential physical positions in said nenory space and assures a
substantial |ikelihood that such records will fit in originally allocat
physi cal positions during subsequent prSb&EdEng and nodification, said
met hod conprising the steps of: a) conpressing a record,
determining a conpression ratio CR) which results from
a) and a maxi mum rin | 8ngekhod for a %ﬂﬂfﬁlngmeEﬁﬁy FREGE Teat Storagee
in an of c&ﬂlﬁﬁ@%@ﬁ%&dﬁé iwi o epablesesaid; compress‘éd records

determ ni ng a_correct

a) without safd RS iR

EPaaga vh seducutiad (phyRicsl, popdtions iy sAid

CCR is | essmembny spachdiaidEgaites a substantéabelileabﬁdo@@rqhass;umh

;gii)?d(ggr?oresse rwjfll £ie in O§§bqn§§§¥h%l%%%€%}s% eg’%%g'

conprising t h@urmgh@pbg@qungfprocessz.ng and modification, said method
comprising the steps of:

a)

b)

c)

d)

2.

uncompressed version of said record;

compressing a record;

determining a compression ratio (CR) which
results from step a) and a maximum run length
(RL} of ~contiguous data segments in an

i

determining a corrected compression ratio (CCR)
by repeating step a) without said RL included in
said recoxrd; and

if the CCR is 1less than a historically
experienced compression ratio (ECR), employing
gsaid CCR to allocate memory space for said
record compressed in step a).

The method as recited in claim 1, comprising the

further steps of:

e)

3.

if the CCR equals or exceeds said ECR, employing
said ECR to allocate memory space for said
record compressed in step a).

The method as recited in c¢laim 2, comprising the

further steps of:

he

ed

b)
step
nts

tep
t he

sai d

alml



'.e) I f the CCR equals or exceeds said ECR, enploying said ECR to

all ocate nenory space for said record conpressed—+n-step—alr-

3. The nmethod as recited in claim2, conprising the f 1 eps of

14 f) upon a subsequent wupdate to said”‘ﬁnﬁ' 1 ﬂ
determning a corrected conpression ratio (CCR HILNIER hiy AR UM at ed
record; and g) If the CCR determqped in step f) is less than an
ECR value, allocating as fixed said variably al | ocat ed nenory
space for said record and updating said record. 4. The

met hod as recitedfiln chgiom 2,a whenksageantd ECGRAw&kue tics amaial ensgeond) ch

5 “The mothod as 1 eci BTN B s Soor < e SR e

f) if the CCR val ue ddear maisd updated rgcord eqrd to or greater
than said ECR val ue, releasing an excess anount of nmenory space
froman anount of nmenpry .space previ,ousl

al Logat ed for said

. y
recor d. 69 A dnbhe | detsrTAGRE: 41y PREPaLi oRBUteFs tidhan 13 at e
di sk nenory space for ®OR agaloé, caflesfttthg as fixed said wvariably

allocated wmemory space for said record and
updating said record. ! )

4. The method as recited in claim 2, wherein said ECR
value is an average which takes into consideration,
historically experienced compression ratios.

5. The method as recited in claim 3, comprising the
furthexr steps of:

f) if the CCR value determined in step b) is equal
to or greater than said ECR value, releasing an
excess amount of memory space from an amount of
memory space previously allocated for said
record..

6. A memory media for controlling a computer to
allocate disk memory space for storage of- - compressed
"records to enable said compressed records to be stored in
sequential physical positions on said disk memory space and
to assure a substantial likelihood that such records will
fit in originally allocated physical positions during
subsequent processing and modification, said memory media
comprising: |

ajl means for contrelling said computexr to compress
a recoxrd;



records to enabl e said conpressed records to be stored 1n sequenti al

physi cal positions on said disk nenory space and to i al
| i kel i hood that such records will fit in originally ;mmm’gm Hﬂm

positions during subsequent processing and nodification, esat

conpri si ng: a) neans for controlbing said conmputer to conpress
a record; 15 b) neans for
controlling said conputer to determ ne a conpression ratio (CR)

val ue whi ch resubds ~means foprgpniegadiny &RECCHRKEFRM YUSStORRIN RL) of |
contiguous data segnmea! ScoiipP8sYDEANHRSRLA (CR) value/ehBi6R Festditd

record; c) neans for controlling said, conputer to t

a corrected conpressi 6fF Pl TCER) TX ﬁ?u% pgximum run le gg?‘ ﬁ&%h@f
operation of nmeans a) contHemiousai data segmeRtsofimordn gmmn@atea;&mgrrents
i ncluded in said C d) neans for controlling said
conputer to enpl oy versioH %fg @%&ptrec ddcate di sk menmory space for said
record conpressed by neans a) if the CCR value- is less than a
historically experiepeads for contEBEREﬁgséQﬂdréﬁﬁﬁh&é¥}@o determink The
menory nedia as recited 1n claim®b6 mpri1 si ng e) neans
responsive the CCR val IRPTRRGEEEnFmpression rakieediGiR)saVd EEROW or

controlling S?I d repea@:@.ﬂ@uthé bgeeanhen éalxﬁleﬁ@ ¥kt Houtdldagent e
Tenory space tor SaldRie %rcon @%ﬁ%ﬁgaﬁéﬁé segments 1nclud%h in said

record; and

d) means for controlling said computer to employ
said CCR to allocate disk memory space for said
record compressed by means a) if the CCR value
is less than a historically experienced
compression ratio {ECR). ;

7. The memory media as recited in claim 6, further
comprising:

e) means responsive the CCR wvalue egqualing or
exceeding said ECR, for controlling said
computer to ewmploy said ECR wvalue to allocate
memory space for said record compressed by means
a).

8. The memory media as. recited in claim 7, further

comprising:

£} means for controlling said computer to respond
to a subsequent update to said record, to
determine a corrected compression ratio (CCR)
for said updated record; and

h) means for controlling said computer to respond
to the CCR being less than said ECR value, to



[

8. The menory nmedia as recited in claim?7, further conprising: f)

means for controlling said conputer to respond to a subsequent
update to said record, to determ ne a corrected conpression ratio
(CCR for said updated record; and h) means for
controlling said conputer to respond to the CCR being | ess than
said ECR value, to 16 16

allocate as fixed said reallocated disk nmenory space for said
record. 9. The nenory nedia as recited in claim7, wherein said ECR

val ue i s an average ofahlgcatécablfﬁ&ﬁaﬂgéggmggéiygggggéog?%gt%g%bry
i sTHY: ™~ g)

10. The nenory nedi a LEE] n.claim?7, further conp
means for controllingqﬁ%id c%ﬁ%u%g%&tﬁe?ggﬁond to the CCR val ue

determned in step b) being . equal to or greater than said ECR

val ue, to 9. I el RaSReARrEXHERS sa0RuUNt  af nmory space from an
amount of MguRLY {RACE, Previ oﬁgl y gﬁf—iog%t é:c?cflcjfrelge in ‘claima7 d whepetn
. Ue 1s an average of historically experienced
compression ratios.

10.  The memory media a | i i .
_ 8 recited in claim 7
comprising: e

g) means for controlling said computer to respond
to the CCR value determined in step b) being
equal to or greater than said ECR value, to
release an excess amount of memory space from an

amount of memory space previously allocated for
said record. )



