f 1 DATA COVWPRESSI ON SYSTEM AND METHOD FIELD OF I NVENTION 5 The invention
relates to the field of data conpression and in particular relates to a
systenrand met hod of data conpression based on factorial reiterative

| ossl ess conpression. BACKGROUND TO I NVENTI ON 10 El ectronic binary files
exist in many different formats for many different uses. These formats
include formats suitable for storage of imge, sound, text, data, executable
files, and so on. 15 Binary files containing data, if not encrypted, tend

towards a structured The i | i rmati on, text,
repetition, and posi té‘%ﬁ%o% IESrqi@Ni\félﬁlb%ﬁmgﬁTh@ﬂer ally the first
few bytes in a binary file contain an indicator of a file type and

therefore the application with which the binary file is conpati bl e.

Execut abl FIELDQFINVENTEONused to perform functions of any type have a
considerably less structured format. 20 There is, however, an el enent of
structure as these files either have to interact wwth an operating system
to per§or ma ihitifioh ORlatdr tol RYfidA P cOMpilRfoRRBAGH RBtieN S RMtes fPAPTr essed
and encrypted files have the | east structure as, by design, they renove
repetitiveysterhuasd witthpd ef fdatee compressionchasedobn efactopyal i refigratividysslessused to
define the 25 substituted val ues. For conpression, a "shorthand” is used for
repetiti vE“SPI¥Wres. In the case of an encrypted or conpressed file, the
file will not only have the internal structure changed but, particularly in
the case of conpression, the size of the file. Mithematically for a binary
file of SMK,%@UMTQIN%ENEI%\} there are 2561.048,576 30 possible
strucmjres of arrangenent of bytes possible. In actual usage only a fraction
of this nunber is used. The nunber actually used can only be approxi nated

based on @Mectr8B8®MiRarg fes exist in many different formats for many different uses. These

b

formats include formats suitable for storage of image, sound, text, data, executable files,

and so on.

15  Binary files containing data, if not encrypted, tend towards a structured format. There is
usually header information, text, repetition, and positioning amongst other components.
Generally the first few bytes in a binary file contain an indicator of a file type and
therefore the application with which the binary file is compatible. Executable files or
files used to perform functions of any type have a considerably less structured format.

20  There is, however, an clement of structure as these files either have to interact with an

operating system to perform a function, or they are part of the operating system.

Compressed and encrypted files have the least structure as, by design, they remove
repetitive values within a file. In the case of encryption, a key is used to define the
25  substituted values. For compression, a “shorthand” is used for repetitive structures. In
the case of an encrypted or compressed file, the file will not only have the internal

structure changed but, particularly in the case of compression, the size of the file.

Mathematically for a binary file of size 1,048,576 bytes (1 Mb) there are 2562437
30 possible structures of arrangement of bytes possible. In actual usage only a fraction of

this number 1s used. The number actually used can only be approximated based on an
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estimate of a nunber of different file types, functionality of executable or
operational files, and conpression and encryption routines avail able. There
are many existing techniques to performdata conpression on a data file.
Sonme 5 data conpression algorithnms are based on indexing techni ques and
invol ve the calculation and indexing of unique values within a data file.
In nost conpressed data files, there is sone repetition of data val ues

wi thin each 256 byte code segnment. In average files, there are only 160 to

170 uni que non-repeated val ues per. 256 byte . segnent of de. Data

conpr essi ST gh Rt 51 TGRS Hlei BpesaturipRiNa et SHECURNREE PFERT Kk very
vel T wi t hatdyl sndWomgREsstin 4@l 88 ptioNIRYs SFailkl¥ENTI ON I n one aspect the

i nvention provides a method of ‘Conpressing a data file conprising a 15

sequence of bytes of a length greater than or equal to a predefined |ength,
t he netho including the steps of, retrieying the data fi om, a
secondary 1B EaRs risbae HeSRTNG to PETeR 2t PBPTesiah pact dd B S faor -
cal culsati ggiat B&n&fe@sq&? NYorRfimdNk@UBa Yt 6n Vidhitigsg t\%ﬁnﬁkﬁlﬂas aaRinagaience of
the data file, the sub-sequence having a | ength not exceeding the

pr edef i nedalkelagemh and mglaking gpfamiquedakuek ovithime detibfilse Juencs cotnipesssettidnta

i ncl udi ng data 20 val ue r.epresenting the. cal cul freguency o ni que
byt e val QGEesier f 1906 Sipstioth Gh enee i  Bn R S0 Rl o el ndha
frequency ,QdragtNifgde tRYE Gary Anie S 60eb oY R unRiue ARMEPLAGH vhREE SRPd6 WPl Yi ng a
data transformation to the sub-sequence to increase the frequency ‘of uni que

byt e val uesgnient oheodib Dstagensnpressiordteabiniingg tased he facioead calaidatians dalnee
representing the data.transfo matfi on; on the sub-sequence having a frequency
of 25"uni &&%B@}w ‘P”L‘i}éﬁ“%‘b‘%}éﬂé’ ﬁf‘ﬁf&%fi ned threshold, adding to the index a
data value representing the position of one or nore unique values wthin

t he sub-sequence; creating an output data file, the data file having a file
type i denSUMMARYAIF ANYENTIEON i ndex to the output data file. 30 The term
“conprising’ as used in this specification and clains nmeans consisting at

| east in part of, that is to say when interpreting statenents in this

tsﬁgfi I l;ﬁ]hli ﬁ&eﬁdg’ﬁ%‘?g @ggg@ b?%vé%ég%#hgﬁoﬂ Rl om@rdkink Redale Blciddddprisiiged aced by
15  sequence of bytes of a length greater than or equal to a predefined length, the method
including the steps of: retrieving the data file from a secondary storage device; storing
the data file in direct access memory; calculating the frequency of unique byte values
within a sub-sequence of the data file, the sub-sequence having a length not exceeding
the predefined length; creating an index for the sub-sequence, the index including a data
20 value representing the calculated frequency of unique byte values within the sub-
sequence; and on the sub-sequence having a frequency of unique byte values below a
predetermined threshold, applying a data transformation to the sub-sequence to increase
the frequency of unique byte values in the sub-sequence and adding to the index a data
value representing the data transformation; on the sub-sequence having a frequency of
25  unique byte values above a predefined threshold, adding to the index a data value
representing the position of one or more unique values within the sub-sequence;

creating an output data file, the data file having a file type identifier; and
adding the index to the output data file.

30  The term ‘comprising” as used in this specification and claims means ‘consisting at
least in part of’, that is to say when interpreting statements in this specification and

claims which include that term, the features, prefaced by that term in each statement,
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3 all need to be present but other features can also be present. Related
ternms such as “conprise' and "conprised' are to be interpreted in simlar
manner . I n another aspect the invention provides a nethod of conpressing a
data file conprising a sequence of bytes of a length greater than or equal
to a predefined length, the nethod 5 ijyncluding the steps of. retrieving the
data file froma secondary storage device; storing the data file in direct
access nenory; calculating the frequency of unique byte values wthin a

sub-sequence of the data file, the sub-sequence having. a | ength not

exceedi ng 211116 {9 B8 EFFSRBIOYLHBRT ?atelaqsccarlé?%%}& Pfﬁéenaoégﬂéat%t%mtsw 8he or
nore uni qu e it hi > - | siftb Gk an i ndex for the

sub- sequen‘goer%{ﬁéslﬁeé?d# Ee)%bﬁ%ﬁ E& t?l’g%e{ﬁ%g%*g@%%l §/laﬂue ra{e}%rr'esent ing the
cal cul ated frequency of unique byte values within the sub- sequence; and on
t he sub- sénasothe dspact g iavéntequpeodyestod mathiod o€ clrypressiag adstalfdl ovmarising

predeterm ned threshol d, .appl ying a data transfor i.on. to the sub-sequence
to increadecIyHmes oF E&a%ﬂiégr?@gﬁwgaaét §oe el e esefifes Lﬁ&gtﬁvsngueﬁtéeg and
addi ngs t 0 i dhg1ih D HR%stéhs AL "i‘?tri\é@i'ngffhé 8R4 FIERbINNDsdcBRIAF SR ridANSAR! MBELgN: On
t he sub-sequence having a trequéncy of 15 unique byte values above a

pr edef i nedhe date $ihoirddired dicergs hemdrg; calddxting Hatfeequeayeof wreguebgatvahgst he

position of _one or nore unjque, vaLues W thin the sub-sequence; creating an
out put datdf} R gub-peqiepes of &‘Fldé‘%é s bR qsnes BaviRgarchieD 8Pl XE08g di ng
the indexyd Geldifhe@Yimpit; SaLQAafild e RYiHbR oR A AR or3RBE UnidRSyal ¥ SRtHiON

provi des a system for conpressing a data file conprising a sequence of

byt es of ¢hd mitgtelquenceatentindan indexefpudhe tub-sequende thanadek engtudipg whédata t he
systemis configured. to, retriev he data_fi]e from a,secondary storage
dovi ol ' SHERE TefescTiineathe] fOHeR RiCe A Bb SmReB ~olEs T e pe
frequency sQfueHi; GH8 Javthe sWBsefiRnYd hiVife 8 frQUBISERUEIGR Bfte WARHBERW 4l €, the

sub-sequence having a | ength not exceeding the 25 predefined length; create
an i ndex podeteheined bhrssplid mpelyinge datadrrsfomedtiodi tn ghasubategquerak de increase

representing.the cal cul.ated freguency of,uni que byte,values wthin,the

ub- SequelfEaretnty oo bp Sl an e HarHE e bRl Be T Byt o

val ues bekane 3eprRcRflRl M UNL GahdfbREART on FRPEIB-RHEIR Hak BRSS PfE:@@etnbﬁ grto the

sub-sequence to increase the frequency of unique byte val'ues in the

sub- sEquensimuaritytadduts abbe amptedelimed dbresheliluadding to the index a data value
representing the position of one or more unique values within the sub-sequence;
creating an output data file, the data file having a file type identifier; and adding the

index to the output data file.

20 In another aspect the invention provides a system for compressing a data file comprising
a sequence of bytes of a length greater than or equal to a predefined length, where the
system is configured to: retrieve the data file from a secondary storage device; store the
data file in direct access memory; calculate the frequency of unique byte values within a
sub-sequence of the data file, the sub-sequence having a length not exceeding the

25  predefined length; create an index for the sub-sequence, the index including a data value
representing the calculated frequency of unique byte values within the sub-sequence;
and on the sub-sequence having a frequency of unique byte values below a
predetermined threshold, apply a data transformation to the sub-sequence to increase the
frequency of unique byte values in the sub-sequence and add to the index a data value

30  representing the data transformation; on the sub-sequence having a frequency of unique

byte values above a predefined threshold, add to the index a data value representing the
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30 representing the data transformation; on the sub-sequence having a
frequency of unique byte values above a predefined threshold, add to the

i ndex a data val ue representing the 882976-3 4 position of one or nore

uni que val ues within the sub-sequence; create an output data file, the data
file having a file type identifier; andy add the index to the output data
file. 1n another aspect the invention provides a systemfor conpressing a
data file conprising 5 a sequence of bytes of a length greater than or equal

to a predefi,ned L.ength, where the, systemjs configured to: retrieye the
data filePPFibAR F SOE GRMAT DI AGLES SHIIR DL ppFaise; GRl 41 PUPPRATR r act

access NMeRR Yhe &4 G H%ﬁrﬁmgtMeftfﬁéiﬁgﬁlﬁyﬂ?ﬁnd%ﬁ%@in@& & thalougnt Wath i) a
sub-sequence of the data file, the sub-sequence having a | ength not

exceeding the predefined |length; and cal culate the position of the one or
nore uni que val ues mﬁg%hn lg.the sub-se uggfe; creat.e aﬁeéﬁgex for. .t he

sub- sequent 82O PHESPHYER Y TRIPRY & SFata Pl EOMPERTRE B PG ® CHBPLEPL ul at ed
frequency ;abquhc U bPks 8f Y AR gWiatdpithart &%@%ﬁﬁf&@@ﬁﬁéd AR, ARefcNBe
sub- sequence having a frequency of unique byte val ues below a predeterm ned

t hr eshol dsysippliycanfigated tor setséor thatdpwifile fronhe sescobday glosrgsadevize storeghse t he
frequency ,of ynique te values in t uh- sequence and,add to the.index a
data val udsiadly bpEecl o myReRenn st BreRE FSrREY GhanpHe o ‘elis SuliRAce

having a taRdupBRde of g ks elebYAE suab §n&bﬁé&ﬁn%3_apfeﬁ§ﬁf hoteekdebiigghnt d, add
to the index a data value representing the position of one or nore uni que

val ues wi phidafitéielength; sedjuanulete thegmtsikionrnidhe poe odatcae uhique,vatuge vdthtim fil e

havi file type identifier: and add the index to.the output data file. 20
' antt hefHeRFeEIIRHE STRSAT 1~ (PoDF QUL SSeRipiedrogn aphiet Sastn

tangi bl e sdiREREENg RAEHENI KON REMY SERIABIE VallRk WAih ARS shiRbeqghdedr M Ng a
met hod of conpressing a data file conprising a sequence of bytes of a
| engt h gr ead eon tthansubrsequerse having pr effeduened ofl enigup, bythe valsehdetlewnpri si ng:

trievi the data fil d t ice. stori he dat
e in aPFoeEraRsasre APy P L PR pehe 1§ PEstE e Rpee Briftsatubie 25 °
val ues W tRhflerRy DfRmaRe WS RCPals ihBe gﬁi-?eq?&ﬁ& anldNRIdSH K S e RCRIthaMLeg a
| ength not ‘exceeding thé predefined | ength; creating an index for the

sub- sEquempeesentieg thadete transiormaiony oa thaseb-sealerceriayingsefiequegey héusigheul at ed
frequency b)cf)tfe valied% mpey a% Sreglgililye%.sthreshold, add to the index a data value representing the
position of one or more unique values within the sub-sequence; create an output data

file, the data file having a file type identifier; and add the index to the output data file.

20  In another aspect the invention provides a computer program stored on tangible storage
medium comprising executable instructions for performing a method of compressing a
data file comprising a sequence of bytes of a length greater than or equal to a predefined
length, the method comprising: retrieving the data file from a secondary storage device;
storing the data file in direct access memory; calculating the frequency of unique byte

25  values within a sub-sequence of the data file, the sub-sequence having a length not
exceeding the predefined length; creating an index for the sub-sequence, the index
including a data value representing the calculated frequency of unique byte values
within the sub-sequence; and on the sub-sequence having a frequency of unique byte
values below a predetermined threshold, applying a data transformation to the sub-

30  sequence to increase the frequency of unique byte values in the sub-sequence and
adding to the index a data value representing the data transformation; on the sub-

sequence having a frequency of unique byte values above a predefined threshold,

882976-3



wi thin the sub-sequence; and on the sub-sequence having a frequency of

uni que byte values below a predeterm ned threshold, applying a data
transformation to the sub 30 sequence to increase the frequency of unique
byte values in the sub-sequence and adding to the index a data val ue
representing the data transformation; anp the sub- sequence having a
frequency of unique byte val ues above a predefined threshold, 882976-3 5
adding to the index a data value representing the position of one or nore
uni que values w.thin the sub-sequence; creating an output data file, the
data fil eapdipe g the ipdexea dytgavalucqeprepentis theprptirimpergsaners gdiquedalusse out put
data file_,:8: t p : [ ti.0ne-nrqvi ge nyt.e ram
stored on“{lglrlllléi ﬁagﬁ)s{é P%‘%E’ 91%%{1%%%0%\’ ridgl&nggé%éc%@gﬁ%%?ﬁ@graug]%elo@ﬁg for
per f or m nédentifiet; had adding drerinésstonte autpdiadaza filel € conpri sing a sequence of
bytes of a length greater than or equal to a predefined I|ength, the nethod
conprising: retrieving the data file froma secondary storage device;

stori t i e t . i ncy of
o e oy RS0 b RS RS CTRIRRY el e Bl e

sub- sequenegliha comgrigink ergiutable instraxii@sdongerfdrming e dedthakdf tangleksingand

cal cul ating the position of the gne or_ npre unique values within the

sub- sequedai:file camprisipe a sequenesof Bites ¢fe lengih geaitra dban oraqual ta@gredstized udi ng a
data val u I -cal -at. r ' . 1Jes

W thi nt e ot JohRiaRE, RiENER I R AR ot sHALUS TRl NS,

uni que byt®rihg thalbaedildal diea apt«adehardry nedeilidmstholfebquerns! ofi wgqwe biat a

transformatjon to . the sub- sequence to increase the frequency of unique byte
val ueld i nvelves sbin agbricauenst ofddeidstp fils. e sybreramenceghgvang, 3 lgeeth not

representi Hagli : : '

f rgquencyeg%egﬁgég‘gb%%%@é\@%%s’ a C’S%éc‘gﬁlﬁ‘fggﬁ%? ?ﬁ%@?ﬂ?“g?ﬁgﬁga&ggﬁ?‘ﬁ% to the
i ndex a dablmey atithén rthprsels-eaquenge;t dreatpres ai lindexoforothe smb-sequencanilguendenl ues 20
wi thin the uqb-seq ence; creating an outpyt ga}ta file, .the data fil|e having
2 11l tygehiding g fh luesFrareraRing ien A IPeies rGINERRY BB daits Yejuce. BRI EF
DESCR! PT! GhittF b EanFeGhizee. 2 B HEietob@id®hading Dfreliabity ARAiGRSHAE Syst em

and nethod o e I nv on w
15  values below a predetermined threshold, applying a data transformation to the sub-

sequence to increase the frequency of unique byte values in the sub-sequence and
adding to the index a data value representing the data transformation; on the sub-
sequence having a frequency of unique byte values above a predefined threshold,
adding to the index a data value representing the position of one or more unique values

20 within the sub-sequence; creating an output data file, the data file having a file type
identifier; and adding the index to the output data file.

BRIEF DESCRIPTION OF THE FIGURES

25  Preferred forms of the data compression system and method of the invention will now

be described with reference to the accompanying figures in which:

Figure 1 shows a preferred form of the system of the invention;

30  Figures 2, 3 and 4 show flow charts of a preferred form compression process of the

invention;
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be described with reference to the acconpanying figures in which: Figure 1
shows a preferred formof the systemof the invention; 30 Figures 2, 3 and 4
show flow charts of a preferred form conpression process of the invention;
882976-3 6 Figure 5 shows a table of expected conpression results for

preferred enbodi ments of the inventioqé Figure 6 illustrates a further
aspect of the invention related to nulti-repetitive byte 5 conpression
enhancenent; and Figure 7 also illustrates a further aspect of the invention

related to nulti-repetitive byte conpression enhancenent. 10 DETAI LED
DESCR! PTI Siguty SpkepERRED crdravpedthd cpmpeassips fesws yorpislered grabedimpris 91 on
system an‘i'hm ggﬁgnthat is intended to apply to a data file 5. The data file
5 could be of any 3%uitable data format including BMP, WAV, DOC, XLS, MDB,
ZIP, SIT, ARJ, zZOO, TIF, JPG AdF, M3, MP4 and so on. 15 Data file 5 could
be stored_in secondary storage 10 form ng part of or at |least interfaced
with a cofawe fyillnstrates a1irthen asneet af thretnveatias relpfted Ja egulticrepetiitie Briecessor
20 ingerf . j c menory 25 and a display 30. It will be

appr e(r;gl at 8%?%5%18{1%%&%%%%&&%?% device could include or be interfaced to

ot her conponents for exanple a data entry device (not shown) and an out put
device (not shown). 20 It is anticipated that the data file 5 conprise a
sequence &igusg ¥ edsogilugiratesigfusthgr aspeeloftthe inveationeplied tomaltprepgitivymde | engt h.

In one pr rr f L e invention this predefined Ilength is 300 bytes.
25 In oper%éﬁ%e%gf’%g prg‘%:nééé‘gbr 20 of the conmputing device 15 retrieves all or

part of the data file 5 fromsecondary storage 10. The retrieved data file
or part is stored in direct access marn)r% 25. Various operations are

condutd ed LI AHERNESERIRTHYN QOF PREEERBEDLFORMSi n. A resul ting out put

data file 35 is created in direct access nenory 25 and stored in

The invention provides a data compression system and method that is intended to apply
to a data file 5. The data file 5 could be of any suitable data format including BMP,
WAV, DOC, XLS, MDB, ZIP, SIT, ARJ, ZOO, TIF, JPG, GIF, MP3, MP4 and so on.
15 . Data file 5 could be stored in secondary storage 10 forming part of or at least interfaced
with a computing device 15. Computing device 15 includes at least processor 20
interfaced to direct access memory 25 and a display 30. Tt will be appreciated that the
computing device could include or be interfaced to other components for example a data
entry device (not shown) and an output device (not shown).
20
It is anticipated that the data file 5 comprise a sequence of bytes of a length greater than
or equal to a predefined length. In one preferred form of the invention this predefined

length is 300 bytes.

25  In operation the processor 20 of the computing device 15 retrieves all or part of the data
file 5 from secondary storage 10. The retrieved data file or part is stored in direct access
memory 25. Various operations are conducted on the data file or part thereof stored in.
A resulting output data file 35 is created in direct access memory 25 and stored in
secondary storage 10 or other secondary storage. It is expected that in many cases the

30  output data file 35 will be of a smaller size than data file 5.
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secondary storage 10 or other secondary storage. It is expected that in many
cases the 30 output data file 35 wll be of a smaller size than data file
5. 882976-3 7 A sub-sequence of the data file 5 is first exam ned. The

|l ength of the sub-sequence preferably does not exceed the predefined |ength
of 300 bytes. If the nunber of unique ,yalues identified falls bel ow a
threshold then a series of data transformati ons can be applied to the
sub-sequence in an attenpt to increase the frequency of unique byte 5

val ues in the sub-sequencgkﬁgggéunality of ,data_transforpation conponents 40

are stored PHP-8iquRRGe of the 3ds fggtpypipined. ofhe lcagiyal thesyubrsggeencahe dat a
t ransf or i 4 I e | i

Gener ar e PRI URR SIS A uE bk o BB TRl RR P T

val ues. Thaluseddearified faiebdbare thresholdtién si seuizt W ekt fransfesnationakcirebaat i ve

or preferably in addition the data transformati on conponents al so jnclude a
pl ur al i ty aBPlesatk theotubrieqrense inrai atepptole 1SEase BregBREUCHER CAdMHqUCOPMEE nmask

structyre : L catl of the data transformati on conponents are
¥ SR PR bR

further d The system al so includes a plurality of indexing
conponents 60. During processing of the sub-sequence of the data file 5, an
index 65 is created that is subsequently witten to _output data file 35.

The i ndexi‘n§lE8ifgdHerria @@S@&Hﬁf@orgpglap?mw% 2 SERPh I eiherpdEsot ageess ndex
e S i e T

position in I'n sone cases W be added to
t he i ndex ififude?2@ glpetiat iof randonhlyegarardtal Sequrtess of) bgenpalnentbos @edafinkd be
further described bel ow. The system may al so i nclude a data array 90 stored
in di Fect secess dehr yabissor The seqyigpessyars skredy @ Mmask Yachires fay A0aRoul d be

used to s : | I c ' .
sub- sequorad i WEat Bl (FARSLER AR RARIL AR RO BEN ARB AITE of (e
dat a arr aphfflitgred skt foenulae SOhthatoesnphet vadita gehérete3mditkinglimask 2trii@urds

illustrate_a preferred formoperation of the invention. A binary data file 5
i s preferdBi y\Pp %’?t“&ﬂhq fatey transtprmatiopcomppneyts afe é\‘%‘&?ﬁg?s‘ﬁr&e‘égéoﬂr eferred
formof the invention, each data group is preferably 300 bytes or less. It
will, however, be

15  The system also includes a plurality of indexing components 60. During processing of

the sub-sequence of the data file 5, an index 65 is created that is subsequently written to
output data file 35. The indexing components 60 could also include a temporary
position index 70, a position index 75 and a permutation index 80. The contents of the
position index 75 and permutation index 80 in some cases will be added to the index 65.

20 Operation of the various indexing components 60 will be further described below.

The system may also include a data array 90 stored in direct access memory 25 or
secondary storage. The data array 90 could be used to store the various indexing
components 60 and portions of the sub-sequence of data file 5 being compressed, before

25  the contents of the data array 90 are written to the output data file 35.

Figures 2 to 4 illustrate a preferred form operation of the invention. A binary data file 5
is preferably segmented into a plurality of data groups. In one preferred form of the
invention, each data group is preferably 300 bytes or less. It will, however, be
30  appreciated that the size of the data group being compressed could be any size over five
bits. The data file is first checked 200 to establish whether or not the data file is of a

length greater than or equal to a predefined length. In one preferred form of the
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30 appreciated that the size of the data group being conpressed coul d be any
size over five bits. The data file is first checked 200 to establish

whet her. or not the data file is of a length greater than or equal to a
predefined I ength. In one preferred formof the 882976-3 8 invention the
initial predefined Iength is 300 bytes.gIn one formthe entire data file
could be retrieved fromsecondary storage and the entire data file stored in
data array 90 in direct access nenory 25. Alternatively portions of the

data file. 5 cquld be.retrieved, from.s ndary storage 10 as _.a data. Sstream
5" The. dat IGHO e Ml edr 68 1eTetbiiano Batea Burhs, rde (PBguane o
uni que dak@ul&%‘e%’%ievé’& frBﬂn%ﬁéé}ﬁlaﬂﬁétéragé OMPthe ERBrel dRAHRNGHc@in $4th GHEy 0@t @

values is conpared 210 wth a predefined threshold. In one preferred form

t he predefn dizebttaheass hehbry 852 2dterpdtivelygrostianseof thedstatflah c2Bll hemietriesed al ues

within the 300 bl){(ie sub-ss}@uenc then one or nore data 10 transfornati ons
coul d be 3&95}?6&8 a5y piREree [N as aqllaRlE™™n an attenpt to increase the

frequency of unique byte values wi thin the sub-sequence. If the frequency of
uni que byte values falls below the predefined threshold of 256 val ues
wi t hi n 300hbylasgrotyeis doleted (205 se guien tecalsulste she te@ichcy of udligne daty vahes her or

not a 15 data transformation_ "nmask"” is applicable to the sub- uence. In
one. pr ef MHBHH flsy SHOEN e, TR SRMINY o Wi A alFb e PP hodbg i n
conput er @Fé@i@fiﬂecf t_%esﬁ&fl%.”@h %néiblre?éi{’ed Bfh {:ﬂgz‘orgﬁéfﬁfeﬂ tRshold & d56PTahkrLLef er abl y

includes a plurality of randonmly genera data sets. These data sets could
be each i tentthdni 2% yiqee dalues sethin thent00f bhyte sub-bajudntea thrat ond dempid daa s

stored, i n _conputer neno and associated with respective randoni 0
Gener bt ed taaTBwgiou® SPRId)HE PRRET B ke Sa Mohndst 3RS ERabi geite Bt ed dat a
sets has %ehﬁ&ﬂ%'l&f%ﬂﬁﬁéﬁ%ivﬁiddwiﬁﬂﬂﬁ% shséfientéeengt h of the sub-sequence of
the data fil'e. Tn other words the nunber of " bytes in the sub-sequence is

the sane as the nunber of bytes in the transfornmation data 25 set or mask.
such & sk ygoHLds, LGS e BaS FRETER, RRoBBR MBS B
cor r esponghmes within 300 bytes then the sub-sequence is tested 215 to identify whether or not a
15  data transformation “mask” is applicable to the sub-sequence. In one preferred form of
the invention, a structure library is maintained in computer memory for example direct
access memory 25. The library preferably includes a plurality of randomly generated
data sets. These data sets could be each identified by a data set identifier, the data set
identifiers stored in computer memory and associated with respective randomly

20 generated data sets.

In one form at least one of the randomly generated data sets has a length substantially
equal to the length of the sub-sequence of the data file. In other words the number of
bytes in the sub-sequence is the same as the number of bytes in the transformation data
25  set or mask. Such a mask could be applied to the sub-sequence by applying a data
transformation to respective byte values in the sub-sequence based on corresponding

byte values and the retrieved transformation data set.

One example of a data transformation is modulus addition. The first byte value of the
30 sub-sequence and the first byte value of the data set are added together and the modulus
256 of the total is then calculated. For example, if the first binary value of the sub-
sequence is 168 and the first binary value of the data set identified is 203 then the
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byte values and the retrieved transformati on data set. One exanple of a data
transformation is nodulus addition. The first byte value of the 30
sub-sequence and the first byte value of the data set are added together and
the nodulus 256 of the total is then cal culated. For exanple, if the first
bi nary val ue of the sub- sequence is 168 and the first binary value of the
data set identified is 203 then the 882976-3 9 conbined total is 371. The
transforned value is 115, calculated by 371 MOD 256. The second byte in the

e Tho ERRPHeBYRAr R Indre b arh et & o AP anE PO AERAROS ahe ho

third byt&dnd Hyieindaé @ecﬁﬁhc@BQh&Ptr%forﬁleHﬁntﬂﬁE Safeay B¢ tHBdcohd bpeRhI ed 220
to the sub-sequénce. In one form there could be 65,536 nask structures

stored i ntleodatusesr Thentbirg bytesiorthe matskequenes iddbenviratsfermedtbaseken thedhirdf i er i n
the formof, an jndex nu between 0 and 10 65, 536. The index could be
sinply a Xted{lﬁhesgag%%?nn%é?ﬂ?. ng to the relevant data set identifier. The
data tgansformati on conponents 40 coul d include mask fornul ae for exanple:
15 Standard devi ati on of precedi ng sequences of the data file of 300 bytes
or | ess. Inthiwivay theenagkis eppleedsdOtin e wubissqfepcerul ae i s not avail able for use
on the first sequence of a data file as there is at that tinme no preceding
sub-sequence. Reversal of values within the sub-sequence based on previous

sub- sequeng 8fe @brm,SharRdAL BEe¥5 386 Mtk sBlctufed! ottt dodpiet GRRIRY,SdakKCt Ur es
based on the structure of the sub- sequence. Randonmly generated segnents

based on fidsk pmmdﬁﬂt wite a datided identiSiabinr the fern pban dex nambonbetwserhl saduence.

The a e uld applied dvance to r serjes of mask
tructr o653585 TR ERL S 08 o5 PheS e D BB TO Gufi s el Bl af oc
during a Qﬁ%gﬁgfansfornatlon In one form 512 random y generated structures
or mask structures are stored in direct

The data transformation components 40 could include mask formulae for example:

15 e Standard deviation of preceding sequences of the data file of 300 bytes or less. It
will be appreciated that this formulae is not available for use on the first sequence
of a data file as there is at that time no preceding sub-sequence.

» Reversal of values within the sub-sequence based on previous sub-sequences or
standard deviations.

20 e Calculated applicable structures based on the structure of the sub-sequence.

¢ Randomly generated segments based on file structure, added or subtracted to the

relevant sub-sequence.

The above formulae could be applied in advance to generate a series of mask structures.
25  Altematively the relevant byte values could be calculated during a data transformation.
In one form 512 randomly generated structures or mask structures are stored in direct
access memory 25. These structures are applied to sub-sequences of data files that may
have 256 or more null values within a 300 byte sequence. This is common in the
headers forming part of the binary files of many software applications. These randomly
30  generated structures can also be applied to other formats that have high levels of

repetition.
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access menory 25. These structures are applied to sub-sequences of data
files that may have 256 or nore null values within a 300 byte sequence.
This is conmon in the headers formng part of the binary files of nany
software applications. These randomly 30 generated structures can al so be
applied to other formats that have highglevels of repetition. 882976-3 10
Foll ow ng the data transfornation on the sub-sequence, the sub-sequence is
again tested 210 to identify whether or not there are 256 uni que val ues

wi thin the 300 byte sequence. |[If there are not 256 uni que val ues, and no
further mask is applicable to the sub 5 sequence, then the threshold of 300

bytes is | | er - : I n one
oYt err od ! SHERHE BOfat R BRaIS) SFHEINE o QNS (BlY. Raualis P AHIPRERY "
bi t val uegli0to iénbfybiwhethed crest thereara 2t @ anigaawaluthaithid3tle 80O bite vajuense.

(bytes). The threshold would then be raised to 300 bytes for the next
sub- sequent dhere PR 106250 WHqweYaluehetnd Ro firthergmask 1S gaplsablerty the pub-

unl i kety L fii M e L I Wi t hin
256 > bysetiealtinbh it Greol AT AR, ibheEheROIHEoURL RalR, P
anti ci pat ethatlbratuti-fegencst | In bee pEd&redegbedivehti g thkdshold eoultthba lsegrent not
exceedi ng 300 bytes qnce .t h"’i approrpgi,ate randomfi| e sé};{l;ctureb_ has been
appl i ed. ItHMBHPIYARd 2 /Hut yaeesriTdiP Bt valHes tgscamans fepghbpn SRR 8ibdnvaluest o

i ncrease r j d val Heso .

i nventi ont(lcg:ggfséiﬁg?g@%g}h&?n ei(gg%nt Eée%%égi g)a?%o \@ﬁegggld%{ef%%%tuﬁge%g?g&gr oup.
The i ndex Tihs wilkicedeablihedsinonerd deniltbervdat a array 90 in direct access nenory
25. The 20 index of the 300 data values is first created with two bits. If
256 uhf gue val ues have been identified within the 300 byte data group, then

the bit va) des il ddd £ Jieerl & : peen
applied tg! tﬁgﬂlgu - Islgt;fdemda 6?%1{3&%@% lgr%@atrgﬁggt&siuﬁgﬁ'%i Tafhgg@\lﬁgnﬂ‘g?st hen
witten 230tetseginbet butdeds.poddibls imalsdut ildendfi dasexr Iwisl dntipipafedrtidilijerbevib b6 bi t
value id i fying }he sk val ue between 0 adr,ld 5 536. The value Q in the
mask i dengs%iug%ue values within a data segment not exceeding 300 bytes once the appropriate
random file structure has been applied. In any case, the intention of the data

15  transformation is to increase the frequency of unique data values in the data group.
The invention calculates an index of the 300 data values within the data group.

The index is preferably stored in the data array 90 in direct access memory 25. The
20 index of the 300 data values is first created with two bits. If 256 unique values have
been identified within the 300 byte data group, then the bit values “01” are written 225

to the index.

Where a mask has been applied to the sub-sequence, the mask or data set identifier is
25  then written 230 to the index. This mask identifier will preferably be a 16 bit value
identifying the mask value between 0 and 65,536. The value 0 in the mask identifier
represents the fact that no mask, or a null mask, has been applied to the sub-sequence.
Where a null data set is applied to a sub-sequence, the sub-sequence following data
transformation is substantially identical to the sub-sequence prior to the data

30  transformation.

The next step in the method of the invention is to create 235 a temporary position index.
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represents the fact that no mask, or a null mask, has been applied to the
sub-sequence. Were a null data set is applied to a sub-sequence, the
sub-sequence follow ng data transformation is substantially identical to

t he sub-sequence prior to the data 30 transformation. The next step in the
met hod of the invention is to create 2 3 a tenporary position index.
882976-3 11 The tenporary position index creating nmethod starts at the
first byte in the data group and exam nes subsequent bytes in the data
group until 256 unique val ues have been identified, in the case where 256
uni que val ues are being extracted froma 300 byte data 5 group. If a

par i cu! armAbligoey BOESRTIARR L Lok Do ShuBellRR Oty Igliakaugal ve 10

t he data group, previ ous ue Is a t he

t enpor ary and Cbﬁl(mme@tubfﬁu@ﬁﬂ‘lﬁgﬂeﬁmﬂxe ddta ghapdaitd 268 wieqirevalgesehawi el 1S a
repeat of an earlier data value then a "0" bit value is witten into the
i ndex. Thddentidied: ing hergash orhere? waﬂ%vadge%%hema@ﬂz%e fromyz 3Q0 hg¢ dataeen

wr i “.e?i C%r(?l%h A eac%i‘t% \E_J;l?ev Beﬁﬁ%@ﬁﬁﬁ%eg@%tﬁ@t%échﬁ@ﬁc% f"tﬁ‘é)ﬁat&'v%ﬁ@”iﬁ”t and

i denti Foup 1 h The resu

conpr essedhdddta gioupash a gieeions! ﬁiilﬁl’gr(ﬂfp, a¥1” vahules id midetieo thendﬁponandmdat es how

many bit val ues are use For rrg if 256 ."1" values ocgur_in _.the
Fing S

t enpor ar y @hihe,pthariapd, gﬂ“’-‘e‘i‘ﬁt?‘ velyge éalptﬂ?ﬂd? argpephefean carhgrdaty waleat es
that ther Ghéll e? & ”1 %él@le%" n%(t‘b ¢ tﬁ-{?gglsn el er}frfgaxﬁeﬁ}ﬂﬁ éésh%s s00n

sub- sequence. |rst t wo |ts 0 ave a een set to
"o1" if theQé6aFEbmﬁﬁuemewDWﬁﬁcﬂaiﬂBSmkmth|n t he 300 byte data group. Wile
the tenporary index could sinply be added to the nmain index, there is a

nore & ficient way of storing this information. The 20 nunber of "I" val ues

that appeafg térﬂg&ﬁfy ﬁfd&é %%'tﬁf%g%aéyg‘%?&rr%g\éng AR ficdtlon 3915 ﬁ&t‘é vafhe eﬁr’l"m ch

t hey appear I sSregar necessary to recor e nu

i nst ances thodats grappein blyd eesvling QSmpmwdehslt thenm.r €ho nembdreoft“@irpaluas in thadex
itself, s preferable to create 240 a, pgsition and wite this
position |“Ffifé>&n‘{h&atf’ﬁ OYremY; e ¥ ues fretged: h@OTteé‘ﬁﬁ’é’#eaﬂ“izﬁ%deﬂa ues occur 1n

the temporary index after 283 entries in the temporary index, this indicates that there are

15 256 unique byte values within 283 bytes of the sub-sequence.

The first two bits of the index will have already been set to “01” if there are 256 or more
values within the 300 byte data group. While the temporary index could simply be
added to the main index, there is a more efficient way of storing this information. The
20 number of “1” values that appears in the sub-sequence is already known. If the order in
which they appear is disregarded, it is only necessary to record the number of instances

of unique byte values.

Rather than record the temporary index itself, it is preferable to create 240 a position
25  index and write this position index to the main index. Where the temporary index
includes 256 “1” values followed by 44 “0” values for a 300 byte sub-sequence, this
could be assigned the position index “0”. The number of ways in which 44 “0” values
and 256 “1” values can be arranged within the 300 byte data group is "C,. This means
that there are 300!/2561.44! possible combinations equal to 1.34 x 10™ within 300

30  wvalues where there are 256 “1” values and 44 *0” values.
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i ncludes 256 "1" values followed by 44 "0" values for a 300 byte
sub-sequence, this could be assigned the position index "0". The nunber of
ways in which 44 "0" values and 256 "1" val ues can be arranged within the
300 byte data group is "Cr. This nmeans that there are 300! /256!. 44!
possi bl e conmbi nations equal to 1.34 x é 53 within 300 30 val ues where there
are 256 "1" values and 44 "0" val ues. 2976-3 12 This maxi mum position

i ndex value of 1.34 x 1053 is less than the value 2177, a value that

requires 177 bits in order to be represented, This neaps that ather than
storing t NEISERNAND PREEPRAYde e of T30 't s lesy thamdhe yalug 2adyanali§e of

the fact ttﬁhggg(&t{ﬁ%g??’?gﬁsﬂforggl%tbe%%g%ﬁed\/al ues in the tenporary index, the

position i Stead can be reco In 177 bits, or 22.125 bytes. It is
al so inportant to record the order of the data values within the data group

to enable__not only conpression but al so deconpression. This is achieved by
creating 3% meanythgef rat%s%ﬁtorlﬁaéke astgalptpmperary drdexpis3 Webits OXttABAZ T ndex

to the: mi_n..i i i ali6 i i number
t &h ﬂ 1 &

of may% 2§@V%ﬁ| ug}ggﬁﬁgs ﬁggﬁ%ggggrggﬁégs orq%ﬂggpegﬁafgﬁﬁgﬁ%ﬂg?%gﬁg val ues

W t hout r gpsitibh iralex ifsteadidaa beirerdedahug7 bither @226 ba&s. possi bilities, for

the second there are 255, for the third there are 254 and 15 so on. This is

represented as 256!, referred to as "256 factorial". The nunber of possible

pernut at i : i i : j e can
be repreggﬁﬁgﬁIﬁgﬁTgﬂggq§¥¥§h§§§3%§§jﬂfgﬁégﬁgfg?gﬂgﬁ%égé%g§%§“3ﬁ¥bIHis
great er tman o8lySdompreisd)but hls68dkcbiripsesision.eqlhivadk ewhieted B Qeréatingt 8. a20 The
sequence 0, 1, 2, 3,. 4 ..., 254, 255 would be represented as pernutation
numbetV 1 PsFRtEken Bdgvapd By pisini Si5a perpation index t the mags WEEY.d be repr esent ed
by pernutation nunber 8.57 x 10506. The pernutation index is witten to the
mai n i ndex. The main index wll by now 25 include a data val ue representing
t he cal culTaeqenhnetoe medexafalantatgueas batedvad thesnumlehiofi waykh @56 whiqmequabrese. Thi s

AR OF TR ENC N WA SO R T
there are 256 possibilities, for the second there are 255, for the third there are 254 and
15  so on. This is represented as 256!, referred to as “256 factorial”. The number of
possible permutations of 256 unique values is therefore 8.57 x 10°%. This value can be
represented by 1,684 bits as 21684 i equal to 8.6 x 10°% which is greater than 8.57 x
10°%. 1,684 bits is equivalent to 210.5 bytes.

20 Thesequence 0, 1, 2, 3,4 ..., 254, 255 would be represented as permutation number 1
and the sequence 255, 254, 253 ... 3, 2, 1, 0 would be represented by permutation

number 8.57 x 10°°%.

The permutation index is written to the main index. The main index will by now
25  include a data value representing the calculated frequency of unique bit values within
the sub-sequence. This will be the bit values “017, followed by 16 bits representing the
mask that has been applied, followed by 177 bits representing the position index,

followed by 1,684 bits representing the permutation index.

30 Upon reaching a point where there are either not enough bits left in the data file to
obtain a sub-sequence of a sufficient length, or there are not enough unique values left,

then the index is written 250 to the output file.
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followed by 1,684 bits representing the pernutation index. 30 Upon reaching
a point where there are either not enough bits left in the data file to
obtai n-a sub-sequence of a sufficient length, or there are not enough uni que
values left, then the index is witten 250 to the output file. 882976-3 13
The output file preferably includes thyge initial bytes to identify the file
type. A further two bytes following the file type identifier indicate the
nunber of tines the nmethod of the invention has been run across a
particular data file to a maxi mum of 65,536 5 iterations. Follow ng these
five bytes, the index stored in the data array 90 is added to the output

file. Fol pwidghut ik hRASKIFR RRIR-aMiMNMESo @aetnﬁg)aﬂféi 118 tfgeO A Flihet Ndi ces

or due to a lack of suffitcient bit values’remaining in the data file or

uni que vaktwedytesGollowimgshe Gisyps idantifisr axdpatet thd nuhvder phtmes wiel hethed ohie fi ve
header bytes.fol].owed the body and 63 or. le it values w|l in full
e uneUiiniEaleR Tgs Heah THRAHN DPITIRAT Gl IRe (7 1% HEHETEoy S5 he

out puts fi herakisnPreferably a collection of indices that are witten

consecutively to facilitate extraction in a stream ng manner. 15 As
descri bed above in Figure 2, there wll be instances where there are no

| onger 30 byt es. remai nj in a.data file. fallow ng, hultiple iterations of
t he et hodoRPVRnesE ot e, e RiBerd orine et AR T AERD e S4B byt oo
in which gere; pving e 486k ardHddEahAlHES Rfaliind BORNAE MRS or Ju@Rph i cabl e.
As indicated at 260, in one preferréd 20 formthe size of the sub-sequence
ret ri evedldckofsefiicicoabi valukeremainibe i td deedile Refeinng mgluew Figure 3, the data
file irﬂs checked 305 to identify whether there are at | east 152 bytes
remaining in the data file. 25 If there are at |east 133 bytes which

conpr i ses 14 aebst ciel, ¥ 3¢ dQSectc@MbNibRE: Will bBehd @@ hehddrBytdshRNotBe voupber of
uni que values within the 152 7 bit values is counted 3]YO. The nuiber of

uni que vabodsando6l helesehisoklbs stitlendgailbn an wivoapiesset foummirs theofndf frthexanpl e
output file. The body of the output file is preferably a collection of indices that are

written consecutively to facilitate extraction in a streaming manner.

15
As described above in Figure 2, there will be instances where there are no longer 300
bytes remaining in a data file following multiple iterations of the method of the
invention, or there will be a sub-sequence of 300 bytes in which there are not 256
unique values and no further mask is applicable. As indicated at 260, in one preferred

20 form the size of the sub-sequence retrieved from the data file can be reduced.

Referring to Figure 3, the data file is checked 305 to identify whether there are at least
152 bytes rematning in the data file.

25  If there are at least 133 bytes which comprises 152 7 bit values remaining in the data
file, then the number of unique values within the 152 7 bit values is counted 310. The
number of unique values is then checked 315 against a threshold number of for example
128. 1If there are not sufficient unique values in the 133 byte sub-sequence, then an
applicable mask is identified 340 and applied 345 in a similar manner to steps 215 and

30 220 from Figure 2.
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128. If there are not sufficient unique values in the 133 byte sub-sequence,
then an applicable nask is identified 340 and applied 345 in a sim|lar
manner to steps 215 and 30 220 from Figure 2. 882976-3 14 Once the

t hreshol d nunber of uni que val ues have been identified in the 152 7 bit
values in the data file, then the bit jgequence "10" is witten 350 to the

i ndex and the nmethod proceeds to the steps indicated at 230 onwards in
Figure 2. 5 If there are not 152 7 bit values renmaining to be processed in
the data fi

| e,,on 128 uni gue .val ues canpot .be | ocated. w,thi 152 7 bit
sub- sequert e hE P Rt o YRS SaliRE R BEn 1 BRREET i ds2 g il Vil e
t he nmet hody RRS 388 1o, th&ﬂhe%lp%qu'eﬂqé:"‘m"ﬁ vé}itteASBS_OStBQH@ ildex hE YhEnfethoklhe
nunber of bit grou s in the data file under exam nation is reduced to 77 6

bit val uegrodekds todhe sigpeingicagdsit 23§ ghwersls ieRgirihg in the data file 405 10
then the nunber of unique values in the 77 6 bit values is counted 410. The
nunber of uni que values is checked 415 against a threshold of 64. If there

are | ess 1f iefe £4 nddl ST btk HRS rdnhaihid@ td he gréabése&a{ {he Hatat e Nort 1128 vRjuaod
est abl i shes whether 420 a nmask is applicable. If a nmask is applicable the

mask i s apjplueedann®. beThnseted| wishintand 545 bif epb-sap@nemand 28 fwtbes masksaaret o

t 215 0 _from FEi t 340 and 345, f | I f
There aro BANETG serPliaas T3 HER TR bR Bond R tibe o R el E 500 s
witten 438owh0nt Figuientiethe £ANbObf bRGROURL Al he dada FIERBISIkAIMBIASisi N

Figure 2. 20 If there are not 77 6 bit values remaining to be processed in
t he data frefusedde 77Hebis values.ndt thegyangni gl bit\walugs sempinirignint the daa @eniof val ues

sequengce, then the bit.val ue 700" is itte 435 to i ndex, the index is
ot o adhO BerHBrgt dafad el R b Surind 2ob8el 980 "20" shown 1
Figure 2, and the remaining bytes in the data file are witten 460 to the

25 output file. It will be appreciated that m nor changes are needed to the

per mut at i okheimber shatquatalups s dhackeiddgtlpagainsidebesshipldpicd- tIhdheriatsdessof
byt es “”d%aneé@mﬁ@lﬁé ivglﬂes %ﬁ’&%& %’7t6hbelE %al%fr:s? then the method establishes whether 420 a
mask is applicable. If a mask is applicable the mask is applied 425. These last two
15  steps 420 and 425 are similar to steps 215 and 220 from Figure 2 and steps 340 and 345

from Figure 3.

If there are 64 unique values in the 77 6 bit sub-sequence, the value “11” 1s written 430
to the index. Control then returns to steps 230 onwards in Figure 2.

20
If there are not 77 6 bit values remaining to be processed in the data file, or there are not
64 unique values within the 77 6 bit values sequence, then the bit value “00” is written
435 to the index, the index is written 450 to the output file in the same manner as step
250 shown in Figure 2, and the remaining bytes in the data file are written 460 to the

25  output file.

It will be appreciated that minor changes are needed to the permutation index shown at
245 in Figure 2, depending on the number of bytes under examination. Where there are
128 unique data values within 152 7 bit groups, the position index would be

30 1521/1281.241 which is equal to 5.48 x 10”7, This can be represented by 93 bits as 2°° =
9.9x 107,
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128 uni que data values within 152 7 bit groups, the position index would be
30 152!/128!.24! which is equal to 5.48 x 1027. This can be represented by
93 bits as 293 = 9.9 x 1027. 882976-3 15 Where there are 64 uni que val ues
across 77 6 bit groups, the index woul d be 77!'/64!/.13!. This can be
represented by 42 bits as 248 = 2.81 x 1014 which is greater than the
former value being 1.84 x 1014. 5 Slntlarly m nor changes are required for
the permutation index shown at step 245 in Figure 2 depending on the number
of bytes under exam nation. The ernutatlons for 128 values is 128! or 3.86
x 10215. TWhere, dgts piss 641 ynigpe svaluss, gi3pws dhAt 6 4t Braups= tee godsx wpglh be1g The
per mut at i of% p4 I r: nted by
296 bitsq236%2é8"2T¥g£%ﬁxef%ggémﬁgigggéé) E%ustratgg§g%?2 ﬁh é%%gcted
resul ts onhaetha ferenpalsie bemgdfi88B¥ TO(8 bit groups) bytes, 350 bytes 320
bytes, 300 bytes, 152 7 bit groups and 77 6 bit groups. Included in 15 this
table is an indication of the effects of the inclusion of a variation. This
is desgrihg ' i [ r I t:he above
pr ocedure %ﬁfn@ggr\?ﬁi % nfﬁq@gtéé?’t gpgglr]l]g%@ hfeag)éﬁil?/ \é? %St Ee first
to the IaghgﬁESBdaknmh@mmngetﬁmﬂﬁangewaQnmﬂ&mmde&mbheTmeu&mmn&mmaéﬁﬁ The

i ndex coul d be used, for ruct.dring in con ction with the,hea As al
conponent o288l ‘Eéé%(é%ﬁ't%g;egétérlow Tihis TéﬂW%*a'Jg‘é{ ISHATCRIEP @A AP %”h S er

| ndexi ng qPMEhe pl acement of repeated val ues could be changed fromthe
string of " 25 and "1" values for segnments in cases where there is a nore
ef ficient nethod. For exanple, if there are only one or two repeated

val ue nunber ytes u 7, Or 58 .Rather than use t 257"
and 288t h MerRemmiapes [ iAW Ao T 7o Hia ThS o PRar RS L RY B 1 or
that segnmgpk o FHerqfore;g Own the case of 257 values 8 bits will provide the

| ocati on ofl the single repeated val ue and 16 bits V\A|| provi de the | ocation
of both

Figure 5 illustrates a table of expected results on data group sizes of 377 (8 bit groups)
bytes, 350 bytes, 320 bytes, 300 bytes, 152 7 bit groups and 77 6 bit groups. Included in
15  this table is an indication of the effects of the inclusion of a variation. This is described

below.

Decompression is a simple matter of reversing the above procedure. The index value
indicates the range of each value from the first to the last (256™). Having the range
20  provides the relevant value. The index could be used for restructuring in conjunction
with the header. As all components are packed together, it is envisaged that streaming

be used.

Indexing of the placement of repeated values could be changed from the string of “0”
25  and “1” values for segments in cases where there is a more efficient method. For
example, if there are only one or two repeated values, the number of bytes would be 257
or 258. Rather than use the 257™ and 258™ bits, it is known that the first and last bytes
are unique for that segment. Therefore, in the case of 257 values, 8 bits will provide the
location of the single repeated value and 16 bits will provide the location of both

30  repeated values in the case of a 258 byte segment.
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30 repeated values in the case of a 258 byte segnent. 882976-3 16 The

nmet hod coul d be applied to all file types and structures. For file types or
structures that are conpressed by considerabl e anbunts by tools such as
PKWare's ZI P product, the nethod of the invention on a single pass woul d
not achieve the same |evels. However, ;the method could be applied
repeatedly over the sane file, reducing it in size 5 each tine. The nunber
of tinmes or iterations is dependent on hardware processing and/or user

required times. Deconpression is extrenely rapid, as all conponents are
known. Deddfprehed wﬁ% appliedrig el ﬁiaafpas ERAHTSTRT- oka %‘ﬁ yRes o SHBFHES on
requires ] frd t s | IS
cont ai nedtﬂ\};\nﬁtaﬁ?% t ljeagsggtbga %gt@? gg%t%g ]*’IDQS ?%gdan%m C'(tﬁ %Slpgé ecéo%pzyg?ﬁdglgt’
routines cioulngetlel pithoimedtion romua remglé ypassl svoGldhaot aplpbve dlid emee dewdld

i ncl ude sqQftware conpressi on,, dat onpressi on, online, gan ng between
consol es ﬁjwvag ﬂ@omthpazs%ﬁéﬁ Gilisd rapeEE S o e e SOIHRE 1 W3PEe over
| P andd or on [ Avent i .or ; i i re
dat a o bithel Shepy SHERARRer SLRm TR ITS, @BMCEE bh AR ST 20
The descr iaptdioonsealauered siMlkased on 256 uni que values within a 300 byte

segnent of code or smaller. It will be appreciated that this sel ected size
is for illustrative purposes only. Data groups of 5 bits or nore, or val ues
bet ween O raRghdlesGoh idefent }ih'&‘ tadTaBk osloR8nts LR di@ hpd Ysdghal NE
nunber of ranﬁ%nﬁy gen%raté%ééitéeggtscgﬁkbveﬁlay ies - co mean fhat 3

and 4 bit beahoresamddhah dvenprestbnags wehpres@én fagaatethesastchigg of amdoer datde usi ng
Iarge{ bit values than the 8 bit (256 values) described. For exanple, where
9 bit!%al §BYCHIS conpressed, there is a further gain in conpression over
that achieved by 8 bit conpression. 30 Savings or conpression increases wth
the nunber of bits used per value. 256 values (300 byte segnents) do not
conpr ess ds atlicidessg 54 2ontained svithéid thebactn] slegniseifs jhen Imultiple decompression

routines could be performed concurrently.

15  Other applications could tnclude software compression, data compression, online
gaming between consoles such as Sony Playstation 2, Microsoft X-Box and so on,
Voice over IP and/or Video on demand. The invention has application anywhere where

data or binary information is stored, transmitted or used in any format.

20  The description above is based on 256 unique values within a 300 byte segment of code
or smaller. It will be appreciated that this selected size is for illustrative purposes only.
Data groups of 5 bits or more, or values between 0 and 31 could be restructured using
this method. Reducing the number of randomly generated data sets or overlay files
could mean that 3 and 4 bit values could be used as well.

25
Greater savings can be made using larger bit values than the 8 bit (256 values)
described. For example, where 9 bit values are compressed, there is a further gain in

compression over that achieved by 8 bit compression.

30  Savings or compression increases with the number of bits used per value. 256 vahies

(300 byte segments) do not compress as much as 512 values (600 byte segments). In
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882976-3 17 turn, 512 value data does not conpress as nuch as 1024 val ues.
There is no upper determnable |evel, as cal cul ati ons nust be based on file
size. Using the 300 byte nethod above, this can be extended to 377 byte
groups. This neans 5 the effective range is 256 to 377 byte groupings, with
300 bytes being the optimal level for jgreferred enbodi ments described in
this specification and as illustrated in Figure 5. Variations on the 300 8
bit groups (byte), 152 7 bit groups and 77 6 bit groups may be indicated in

t he header,_ of onpressed file. The variati consi,st of two (2) 10
par t o Thdud: a1 2B GBS RRGT nit st R b P2 D e o B 50 YPetios per
segnent S'd%%nniiﬁ%lerléﬂgeas'd&lcuﬁti%ﬁsﬁﬁl@tl?eMsédgﬁﬁlbos‘izé S 256 to 377, Wﬂ' ch may
be represented in 7 bits. For bit groups the range may be indicated in 5

bits, and for 6 bit groups the range may be indicated in 4 bits. 15 2. A

f th t .t d of t L te if
var | ances Wit e 0P ApT BaBihd aPovdiinfin ff SlpSled s 7T et d Bingesing » 10
may i fdi qRd B8R Fe rdf}R 1&1 Q@G‘% 3717auytte fg%hpﬁsgat #ith 380 'bEin%r’[ﬁé oﬂ@mm Teel

i ndi cating the above val ues. vartation value is allowed, as per the
header, t rfenpmfcrad@rrﬂmydmbqntsgdesgpb@hmtlsls apeoifagatign japd ay dlusatadjn Beumri.t t en
into the i ndex. For exanple, default on a group of 8 bit groups nay be 300
val ues, but each segnment 25 may vary between 256 and 377 val ues, as

i ndi cat ed yiakibRs b eleUstog Bﬁ@r@ﬁﬁs%yﬂé}i'l% 7 bngfohbgrﬁn&m’b@% \ips ﬁfa tae

invention may involve nulti-repetitive e conpression en ancenent and
L o & Gdnbuatbaa W headet of trpeompseried dHibeTie Amision 90y Ransist diato ()
eIectE@nlc filegs fall into a nunber of different categories of byte

structUri F§S F5&s&vary fromthe sinple 2 col our bitmaps through to files

; loggi ?tsflreirg Ug 'Srzbg %ﬁ{ﬁhfatﬁfn oftthenEHbérefTtré ltvaay Bitlgpdilps peP SThRHF 5160 MHaa:8daR
size for 8 bit groups is 256 to 377, which may be represented in 7 bits. For 7 bit
groups the range may be indicated in 5 bits, and for 6 bit groups the range may
be indicated in 4 bits.

15 2. A further bit may be added at the end of each of the above to indicate if
variances occur within each of the bit groups. “0” may indicate No, and “1” may

indicate Yes.

The header may then contain an additional 19 bits indicating the above values.
20
If a variation value is allowed, as per the header, then on a group by group basis a

variation value may be written into the index.

For example, default on a group of 8 bit groups may be 300 values, but each segment

25  may vary between 256 and 377 values, as indicated by the included variation value.

Further embodiments of the invention may involve multi-repetitive byte compression

enhancement and this is described with reference to Figures 6 and 7.

30 Functional electronic files fall into a number of different categories of byte structuring.
These vary from the simple 2 colour bitmaps through to files compressed using any of

the currently available lossless compression algorithms.
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18 For 2 colour bitmaps follow ng the header information one bit val ue
nmeans bl ack, the other white. As there is a |ot of repetition, conpression
of these files in a lossless manner is sinple. 5 Moving to 24 bit bitmaps
the identification of patterns becones nore difficult, and hence |ossless
conpression rates are not as great usiqg current algorithnms as they are on
sinpler bitmap structures. 10 The process descri bed here, introduces sinpler
patterns to a 24 bit bitmap, which for a standard photo type imge all ows

| ossl ess conpression using any of the currently avail able | ossless
conpression algorithnms to significantly increase the anount of conpression.

15 To achi LS.l h Qi nal . I n_ing.

illustrat ePg)\{?t 502{1% ql{ﬁn&%gr e ,th%" %gﬂg"ifz“if"g@‘ %I ¢ enélgr\{gllu%gg%%g%gcgh@?i cantly
| ar ger t hajihdrhwhits.i A4 fadre ligradetr oflrkpeditidd] Corfipésdidn bf GhaxdpSledli at esleddr r anged
in ascendi ng decimal_ value order as illustrated at 620. For exanple 236,
217, 67 ar@am@arsrsaﬁ@'éd to 67, 217, 236. The change 20 in arrangenent of the
byt es %s recorded in an index using Huf fman structures. As there are only 6
possi bl e original structures, these are recorded using the following bit

i ndexes: 2Mo¥ig 3o 1RASbit Gitnmapd 3Be iddificat?dhSof pterm? BdcondekOmere3didfididt, lshll = 321
Each of the above nunbers represents the original positions of the bytes
when conpdreee losdesspempression defepprgdoaherealgginggureny glgorithms as they are on

simpler bitmap structures.

10 The process described here, introduces simpler patterns to a 24 bit bitmap, which for a
standard photo type image allows lossless compression using any of the currently
available lossless compression algorithms to significantly increase the amount of

compression.

15 To achieve this, the original image is broken into 3 components as illustrated at 610 in

Figure 6, the size of which combined is significantly larger than the original image.

All 3 byte (24 bit) groups are then arranged in ascending decimal value order as
illustrated at 620. For example 236, 217, 67 are rearranged to 67, 217, 236. The change

20 in arrangement of the bytes is recorded in an index using Huffman structures.

As there are only 6 possible original structures, these are recorded using the following

bit indexes:

25 00=123
01=132
100 =213
101 =231
110 =312
30 111=321

Each of the above numbers represents the original positions of the bytes when compared

to their sorted placement.
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This index is witten to a file (File A) once an image has been conpletely
scanned as shown at 625. Al of the |owest, or now first byte values from
each group are then witten into a 5 separate file (File B) as illustrated
at .630. As the byte values are in order, the value of the second byte val ue
mnus the first is witteninto a filggFile C) imediately followed by the
value of the third byte mnus the second byte value as shown at 635. 10
This has created 3 files File A, File B and File C. The conbi ned total of
File Band File C w]l ne as the origi 24 bit bjtmap. File Ais
o extr a oV Heled 75 Nriiendd astigy ﬁ?é’er%sﬁps}m@a%h Seniptees . 15 If
all three §i,l:&s, téﬁs B and C) are then conpressed into one file 650 using a

| ossl ess algorlt m or product |ike WNzZIP 640, then the resultant file is
on average 25%snaller than that achieved by sinply applying these tools

across the diified i m i has. i ndi cated a worst.case
scenari o o‘?‘hjé’fgtﬁ%%\ﬁf?%por )] %‘ésgy@a‘@i a@glﬁee@ﬁ b o areothen; Wil A i t v
true 24 big Q‘a%@@?ﬁleﬁ%}%sﬁﬂﬁﬁrﬂ@d Ns3ean be made using the | ossless
conpressi on” nbde 0 Thi s process can be applied to any file structure

using 3 byte groupl ng to retain data. may al so be expanded to cover 4,
5 6, 7, et.c ructure to, ac |ev reater | evel s 25 of ssl ess
conpr essi d'i\s ﬂ?ﬁsb S 19 Wsoek i Xplug 5‘?"39‘1 ity ¥alue Ripus h%ﬁ&?s 5files

are used t@n&éﬂﬁtc@&’ Hgb‘e’(&l?icgfgfa“‘?e“%@’fﬁmﬂ% W th BEIuE %Fﬁ{e%ﬁﬁﬂ %Pte"tﬂﬂﬁé‘ Eﬁ”e”t

process wll now n relation to Wave for mat es wt

r ef er ence dsecoifd Igue ealde aRshovmeat®3are differing levels of 30 Bitmap files (2
bit, %B 8 bit, 10 bit, I2bit, 16 bit, 24bit and 30 bit) each offering
nor e ol ours or qual i ty, the sane occurs for Wave files. 882976-3 20 Wave

files are piephedersd BTil& FllH’fReFﬂ@B HATRENMR cohlbRA 181af of PRe BURIATR
sanpling rate, Sanple rate, Audio sanple size and the number of Channels.
C will be the same as the orlglnal 24 bit bitmap. File A is an extra overhead in size as it

represents the indexing of the bytes.

15  If all three files (A, B and C) are then compressed into one file 650 using a lossless
algorithm or product like WINZIP 640, then the resultant file is on average 25% smaller
than that achieved by simply applying these tools across the un-modified image file.

Testing has indicated a worst case scenario of a 2.5% drop, and best case has been 82%
20  of picture quality true 24 bit bitmaps. The same gains can be made using the lossless

compression mode of JPEG.

This process can be applied to any file structure using 3 byte grouping to retain data. It
may also be expanded to cover 4, 5, 6, 7, 8§ etc byte structures to achieve greater levels

25  oflossless compression.

As Bitmap files are used to display images, Wave (.wav) files are used to play sound. A
further example of the compression enhancement process will now be described in
relation to Wave format files with reference to Figure 7. As there are differing levels of
30 Bitmap files (2 bit, 4bit, 8§ bit, 10 bit, 12bit, 16 bit, 24bit and 30 bit) each offering more

colours or quality, the same occurs for Wave files.
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Lower sanmpling rates nean a smaller file, but with less quality. A nono file
is also 5 smaller than a stereo file. The Wave format bei ng addressed here,
is the.format used when storing full quality stereo nusic on a commerci al
CD. This format is converted froma Wave format to the CD format. 10 For a
Wave file with an Average data rate of ,576.4 Kb/second, a Sanple rate of
44,1 KkHz, an Audio sanple size of 16 bit and 2(Stereo) Channels, the
following nmay be applied. 15 If all byte values in the file are represented
as being qﬂnberfd 1 tonwherenis the last byte in the file (for,a nornal
audio 11 Ve¥s Glesias CRarH Asige Biabsr fcogw,oe@é%ad%f,ar%ﬂ}e BVRSe RSN byt e
val ues ar { fok (Edol 25 with all odd
position Erﬁfé%’[eS%%ﬁl Eé‘é@’vﬁ?‘fﬁ? eSérllﬁl? Ig Sgiesﬁgﬁ%?gﬁ?épgg% eézB), as shown at 730.
For exanple: Byte Values 255 167 33 0 0 24 24 167 167 Oder Value 1 2 3 4
56789 Filel (aodd) 255 33 0 24 16 ile 2 (even). 167 0 24.167 20 |f
both fil echrvﬁnS@rr&ﬁaaaatﬁﬁ meap)a Pl s, El&ﬁﬁ#léé%‘sécﬂ%ﬁtyo%ﬁémﬁ g 1§2{Ny a

| ossl ess @l 0f bR Ps@ePfirduct i ke WNZIP, once again shown at 640, then
the resultant file, 650, 1s on average 20% snaller, than that achi eved by
sinply applying these tools across the wun-nodified image file. 25 Testing

has suggest ed st case scenario of .a.10% additi,onal drap in, the size of
the conpf@?sgﬁ‘f%@étt ¥ _re%a@ Kads B %53t4‘§%dd‘f’€edl HiArig A4l ¥85976-3 21
Extracti O%Q@&g#?z@{c%ﬁxsé %h@:&dl@lb.erhﬁ Mﬁﬁﬁyn@&%& ftﬂl)x}nga RFravB S 1é fiRer t ed

bet ween each the bytes in File 1 after the two s have been
deconpr esdad forsiatg t he rel evant

10
For a Wave file with an Average data rate of 176.4 Kb/second, a Sample rate of 44.1
kHz, an Audio sample size of 16 bit and 2(Sterco) Channels, the following may be
applied.

15 If all byte values in the file are represented as being numbered 1 to n where n is the last
byte in the file (for a normal audio file this will be in the order of 50,000,000), all even
position byte values are written to one file (File A), as shown at 725 with all odd

position byte values written to a separate file (File B), as shown at 730. For example:

Byte Values 255 | 167 |33 0 0 24 24 167 | 167
Order Value 1 2 3 4 5 6 7 8 9

File 1 (odd) 255 |33 0 24 167
File 2 (even) 167 |0 24 167

20
If both files (File 1 and File 2) are then compressed into one file using a lossless
algorithm or product like WINZIP, once again shown at 640, then the resultant file, 650,
is on average 20% smaller, than that achieved by simply applying these tools across the
un-modified image file.

25

Testing has suggested a worst case scenario of a 10% additional drop in the size of the

compressed file, the best case has been a 43% drop in size.
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| ossl ess tool. 5 The foregoing describes the invention including preferred
forms thereof. Alterations and nodifications as will be obvious to those
skilled in the art are intended to be incorporated within the scope hereof,
as. defined by the acconpanying clainms. 882976-3 22 CLAIMS: 1. A nethod of
conpressing a data file conprising a sequence of bytes of a Ilength greater
than or equal to a predefined |length, the nmethod including the steps of: 5
retrieving the data file froma secondary storage device; storing the data

file in direct  acgess nenory. calcul ating.the_frequency of i que byte
val es wi CHOACEOT e SuEREL s SaplFe e 1S rop BLe Eie sttnsetied Besh&ihng
I engt h notyraiceorisng Hifke] RfeH e RRAMRNINVE beth %@&drﬁﬁe%d'd&ﬂﬁg’(thfe%le%ﬁ
sub-sequence, the index including a data value 10 frepresenting the

cal cul at edogstesgitewhcy of uni que byte val ues within the sub-sequence; and on
t he sub-sequence having a frequency of unique byte val ues bel ow a
predeterm ned threshold, applying a data transfornmation to the sub-sequence
to incseasme foRoldLYsienBys ME iHMHIE iRYLEinY ArRPrell Tokhke HRHRTS CAMGRGSsand
adding to the index a data 15 value repreSenting the data transfornmation;
on the submdegodificatidnavasnyilh berabyimncly hbsaiskitod ibythe avtahrgemtealded do de

predefined threshqld, .adding to t i X ata val ue .representing the
posi tion ORCRIatcWithin eﬁﬁg r@ﬁfﬁﬁggﬁfﬁﬁyﬁm?%%Ogﬁﬁm@%%E@HE%; creating an
output data file, the data file having a file type identifier; and 20
adding the index to the output data file. 2. A nethod of conpressing a data
file as clainmed in claim1l wherein the step of applying a data
transformation to the sub-sequence further includes the steps of:

mai ntaining in conputer nenory a plurality of transformation data sets, the
25 data sets having a sequence of byte values and identified by a
transformati on data set
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identifier; retrieving one of the transformati on data sets from conputer
menory, the retrieved transformation data set having a |l ength substantially
equal to the length of the sub-sequence of the data file; and 30 applying a
data transformation to respective byte values in the sub-sequence based on
correspondi ng byte values in the retri éled data set. 882976-3 23 3. A

nmet hod of conpressing a data file as clained in claim2 wherein the sub-
sequence follow ng data transfornmati on based on at | east one of the
retrieved ct xpi§f ormation data set is substantially identical to the
sub-sequence prior to the data transformation. 5 4. A nethod of conpressing
a data file as clained in claim2 wherein at | east one of the

transformation data, sets conprises random vy .generated s ence of byte
ates, - 5 A nethBEUEE CSHPPESSAG AflF dorp STRE SERUTRB T PHOTTA hBhvher ei n
at | east EateriBarPbr ddn8l forANSAIER 11, 9! RcHBd nchtiRg R &%pR oPr edef i ned _
sequence of byte rates. 6. A nethod of conpressing a data file as clained in

cl ai m 2 wher ei n ratrieviagshe date filofromhaesetoralagf sorage devicglat a sets conpri ses a
sequence of byte vaIL{ ortion of the data file other than

s .derjved .froma
the sub- sequencet®ing ﬁ%d%% ﬁemqlgcgi@esﬁ.rgﬁnﬂ%’f hod of conpressing a data file

as clained in C!&ic’iﬂa?in@%é h%ﬁuéiﬁ I f!u’iﬁcﬁﬁ b)&é‘ealﬁwﬁdtﬁfn §‘§H$J§&11feﬁgé bthendex
the transfornation data set identifier of the data transforhmti on data set

appl i ed t alathBlesibe-ssegemnoe: hvinga leagiimtoh exteeding dinppredsfined lengtut a fil e
conprising a sequence of .bytes of a lLength greater th or e | to a
predefined Iengt ?at‘tnﬁeanrrélf%gd%qrn@fu b, allme’sfllfpém%f(: mgﬂ‘ét‘}gi %3‘#‘239 "Pﬁ’& dat a
file fipomRpreshingdany calQhrdefrafdhee of Shidhd f[bgtet Pausedvahin he dub-séiicaed; access
menory; calculating the frequency of unique byte values within a
sub- sequerand of the
on the sub-sequence having a frequency of unique byte values below a
predetermined threshold, applying a data transformation to the sub-sequence to increase
the frequency of unique byte values in the sub-sequence and adding to the index a data
15  value representing the data transformation;
on the sub-sequence having a frequency of unique byte values above a
predefined threshold, adding to the index a data value representing the position of one
or more unigue values within the sub-sequence;

creating an output data file, the data file having a file type identifier; and
20 adding the index to the output data file.

2. A method of compressing a data file as c¢laimed in claim 1 wherein the step of
applying a data transformation to the sub-sequence further includes the steps of:
maintaining in computer memory a plurality of transformation data sets, the
25  data sets having a sequence of byte values and identified by a transformation data set
identifier;
retrieving one of the transformation data sets from computer memory, the
retrieved transformation data set having a length substantially equal to the length of the
sub-sequence of the data file; and
30 applying a data transformation to respective byte values in the sub-sequence

based on corresponding byte values in the retrieved data set.
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25 data file, the sub-sequence having a | ength not exceedi ng the predefined
| ength; calculating the position of the one or nore unique values within

t he sub- sequence; creating an index for the sub-sequence, the index
including a data value representing the calcul ated frequency of unique byte
val ues within the sub-sequence; 30 and3on the sub-sequence having a
frequency of unique byte values below a predeterm ned threshold, applying a
data transformation to the sub-sequence to increase 882976-3 24 the
frequency f uniguediyd ef M@h%i@%iﬁ@atdhﬁ flbrsSEsHRAGE oMith 2adicRdn it tile | ndex
a data value representing the data transformation; on the sub-sequence

havi ng a fseeupmes ciplloinghidgtre tippsformaiiane dasgdowa at leaskdute wédthe hredrgvsid,
addi ng to . the.index data. va repRresent | t he . positian of o 5_or nore
i aus. val RSroRitieh, deRacCin RbdGal R ALY S ERbire? bl 4575 dalhe
data fil e thavfondaorf.i | € type identifier; and adding the index to the output
data file. 9. A nethod of conpressing a data file as clainmed in claim3$8
wherei d the step of 10 calculating the position of the one or nore unique
val ues within t@g S Q%P uence .funigg lcomi)r.isgs tpe étqgsiof' creating a

t enpor ary Posi t oMl CRPAGHRE AR HiledPyTampd i Flatn gt gL IR Ongy ¢ o

val ues fr ojpthdi@arseinRe6h 686 8ets @BmbAsdsiadhdignl§ aeheritiQeidinb€of B48E e4te8. ni ng
whet her the retrieved byte value is a 15 unique byte value or a repeated
val ue; on detection of a unique byte val ue, adding one of two bit values to
the tenporary ppsiLti i ndex  of her wi sg, addin he ot her .of .t he, t it
values to The t Hﬁ%l}oglp?/fl Cﬁg’éalr?s’ls%lﬁ aia# eﬁl,e ¢ rCe%’&e%“ 319‘%?%1?65?1%%53\%0%%

repr e3@nt i gfghd fignspstfiatibA dat@fsets REmPHS sl prodyfmed ReflidAce lby@tapas from the
tenporary position index; and

6. A method of compressing a data file as claimed in claim 2 wherein at least one
of the transformation data sets comprises a sequence of byte values derived from a

portion of the data file other than the sub-sequence of the data file.

15
7. A method of compressing a data file as claimed in claim 2 further comprising
the step of adding to the index the transformation data set identifier of the data
transformation data set applied to the sub-sequence.

20 8. A method of compressing a data file comprising a sequence of bytes of a length

greater than or equal to a predefined length, the method including the steps of:
retrieving the data file from a secondary storage device;
storing the data file in direct access memory;
calculating the frequency of unique byte values within a sub-sequence of the
25  data file, the sub-sequence having a length not exceeding the predefined length;
calculating the position of the one or more unique values within the sub-
sequence;
creating an index for the sub-sequence, the index including a data value
representing the calculated frequency of unique byte values within the sub-sequence;
30 and
on the sub-sequence having a frequency of unique byte values below a

predetermined threshold, applying a data transformation to the sub-sequence to increase
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calculating the data val ue representing the position of the one or nore

uni que values at least partly fromthe position index. 10. A nethod of
conpressing a data file as claimed in claim9 wherein the nunber 25 of
bytes in the sub-sequence is substantially equal to the nunber of bits in
the tenporary position index. 11. A nmd#hod of conpressing a data file as
claimed in claim9 wherein the size of the position index is |less than the
size of the tenporary position index. 30 12. A nethod of conpressing a data
file as clipd freghenby 6F ahih@bitdahiRE it HRRubSbaeenct BRI 84ERS tPthe 88EX D data 25
creating a periutation index representing the order of unique byte val ues
wi t hi n t heaBghseprespniing the datrdtransfasmiationing t he data val ue representing the
position of the ong or ,more uni gue values both.fromthe po§itiog i ndex and
the permutation FnfEx>UEeHEenck fiaYing, & Seapeies: 85 e PH5 WS 8598 21 ai med
in clai m btede@fbd tikdhdid, RBdiaE 8P thoind6R AGRILNALS RGprdsBEtiiOmHe tdoSiioh MioRe and t he
permutati on index to formthe data value representing the position of the
one or5 norog mase yoigue sdlueswithio thesubsseqyencem f or conpressing a data file

or oot ned +ongthvikar g iked Bl e LE Bl diE T S et bR, e ua o

file froma secogdakYhsindéagaheemipaedatstiy € the data file in direct access
menory; cal cul ate the frequency ofp uni que byte values within a sub-sequence

of the data 15 file, the sub-sequence having a | ength not exceeding the

predefi ne Ienggg' reate an index r .{he sub-sequenc he. i ndex i ncl udi ng
a data valcbue r P’gglhoﬁtqfeﬁan}pﬁ%gs%lglac{ﬁ?%ﬁée Sfé%‘ﬂ]féﬁ&)?%bm%\#‘%fﬁ@ t@f/tsép\f’gl ues
W t hi not heaRMBiting GHE Position BTthe one or more unique values within the sub-sequence

further comprises the steps of:

creating a temporary position index in computer memory;
retrieving successive byte values from the sub-sequence;
on retrieving each byte value, determining whether the retrieved byte value is a
15  unique byte value or a repeated value;
on detection of a umique byte value, adding one of two bit values to the
temporary position index otherwise adding the other of the two bit values to the
temporary position index;
creating a position index representing the position of the one or more unique
20 values from the temporary position index; and
calculating the data value representing the position of the one or more unique

values at least partly from the position index.

10. A method of compressing a data file as claimed in claim 9 wherein the number
25  of bytes in the sub-sequence is substantially equal to the number of bits in the temporary

position index.

11. A method of compressing a data file as claimed in claim 9 wherein the size of
the position index is less than the size of the temporary position index.

30
12. A method of compressing a data file as claimed in claim 9 further comprising

the steps of:
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on the sub-sequence having a frequency of unique byte values below a 20
predeterm ned threshold, apply a data transfornation to the sub-sequence to
i ncrease the frequency of unique byte values in the sub-sequence and add to
the index a data value representing the data transformation; on the

sub- sequence having a frequency of uni @de byte val ues above a predefined
threshold, add to the index a data val ue representing the position of one or
25 nore uni que values within the sub-sequence; create an output data file,

the data file hawaffga beinfuthtiRE inddRNfebfds@itingaihd orddd of hRiduRdsyte tvaldehe
output data file. 15. A systemfor conpressing a data file conprising a
sequence ofithbythgsubfsequeng® andngt h greater than or equal to a predefined

| engt h, where thglcs%(&t eg]hei é tc%nlfi %urred nili(r)l: i J etsrtiloevef %L?eo dat a Ji | e, f(r:om a
secondary st or a§& “d&'e & 1B AP EN gilfep?h B Felt “Ae CESPTRERERY ;
882976- 3 2Alues BbhiUt@h ehd fiitfonaAde i thé patfivitRnide. val ues within a
sub-sequence of the data file, the sub-sequence having a | ength not

exceeddng the predefined length; and calculate the position of the one or

nore uniq val ues w t:hi-n th ug-s nce;,..create.an, 4 ndex. for..the

sub- sequeﬂ?e, t_ﬁjén}e g)?ficﬂ%lpﬁeﬁgiﬁ _aﬁ%g@ a\s/gllaﬂge mrcizﬁ?ﬂe e%o[nm{gn{ghtge &P cul at ed
frequency FfcoHittéHa@inB Yhe pystiote sndektdhdnthé Permsuli SIS &S fornd it @l bHRe
sub- sequence havi ng@a frequency of uni que byte val ues bel ow a predeterm ned

t hr eshol d, repipgsin{ing theanogitionapd dheopneearingere iique @akigh- sequence to i ncrease the
frequency of unique byte values in the sub-sequence and add to the index a
data value 10 representing the data transformation; on the sub-sequence

havi ngoa fiequeng yyQémUor GothpadssmigValdd@s fiRbeeprasindd b edghdnee it hyt@shphd, add
to the index a data value representing the position of one or nore unique
val ues wi tlength grestes thangs gae de @ peedstined kngibuwhere thratyatem iseonfigigediita file

having a file t %Qt%ellg ﬁl@tciataj ik ;fro%lfg secondary storage device;
store the data file in direct access memory;
calculate the frequency of unique byte values within a sub-sequence of the data
15 file, the sub-sequence having a length not exceeding the predefined length;
create an index for the sub-sequence, the index including a data value
representing the calculated frequency of unique byte values within the sub-sequence;
and
on the sub-sequence having a frequency of unique byte values below a
20 predetermined threshold, apply a data transformation to the sub-sequence to increase the
frequency of unique byte values in the sub-sequence and add to the index a data value
representing the data transformation;
on the sub-sequence having a frequency of unique byte values above a
predefined threshold, add to the index a data value representing the position of one or
25  more unique values within the sub-sequence;
create an output data file, the data file having a file type identifier; and

add the index to the output data file.

15. A system for compressing a data file comprising a sequence of bytes of a
30 length greater than or equal to a predefined length, where the system is configured to:
retrieve the data file from a secondary storage device;

store the data file in direct access memory;
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15 add the index to the output data file. 16. A conputer program stored on
tangi bl e storage nedi um conpri si ng executable instructions for performng a
nmet hod- of conpressing a data file conprising a sequence of bytes of a

| ength greater than or equal to a predefined |l ength, the nethod conprising:
20 retrieving the data file froma sec@fdary storage device; storing the
data file in direct access nenory; calculating the frequency of unique byte
values within a sub-sequence of the data file, the sub-sequence having a

l'ength not exceegdicimtd the fRGBERY ITRdidue Bgtevalrs SAtHIN G s@blsdidRee dfGhe HAR
sub-sequence, the index including a data value 25 representing the

cal cul at edil¢. rtheadngsguedcednivipge loggth nobdxgesding theipredefised lengdegquénce; and on
t he sub-sequence, hayi a fre ncy of uni que byt.e val.ues, below a

ot edet er m ned IS FOsBR OF S She Brpit™: Pifiuf Yifien PR Trfircsequence
to increase therdaie e idéx Ofor Uihie 4ieb-RY hencéa the Snddk iit@udibd- 5 AatieRGReand
adding to the index a data 30 val ue representl‘gﬂ the data transfornmation;

8829765 3 agpregamnting dhe gilculatgd divesmenesy Phynigue betpueaiuss withinrthe subisgquencel ues
above a pr eﬂefi ned threshold, adding to the index a data val ue representing
the positi®fi of one or nore unique values within the sub-sequence; creating

an output data fgyl ¢he Tsﬁlﬁséiﬁ%%ﬁcef hh@inpay ifRguéndyl b nifR beeMdlhdsebelodnd S
adding the index to the output data file. 17. A conputer program stored on

t angi bl e grredesgymimasithiasheldnannlist dafa érepgiotmadtion tojthsiuberstienes td mcrgass ther ni ng a

met hod of conpressing a data file o ising . a.s ce .of bytes of a

| ength gr etge[qglgnﬁyh(glnuﬂguee 3lva{u sq ﬁ"lﬁgsg’éTsFW‘ée%C? 8‘%‘5?‘#@6{1‘} ﬁ'@ lﬂielxh%giﬁﬁg i sing:
10 refpi evep@sdoifiag taf @utd irh@fém@ifoa; secondary storage device; storing the
data file in direct access nenory; calculating the freguency of unique byte

val ues within a osulhessefussitienet havieg adreuendye of tuniqusubyisendueic ebovviang a
length nOtprg Hng iﬂ;}gsl}orl]f, a%'aetg %flé ?n%%x lae({]a% Oélug rr]éjpresentinco:r the position of one or
more unique values within the sub-sequence;
create an output data file, the data file having a file type identifier; and

15  add the index to the output data file.

16. A computer program stored on tangible storage medium comprising executable
instructions for performing a method of compressing a data file comprising a sequence
of bytes of a length greater than or equal to a predefined length, the method comprising:
20 retrieving the data file from a secondary storage device;
storing the data file in direct access memory;
calculating the frequency of unique byte values within a sub-sequence of the
data file, the sub-sequence having a length not exceeding the predefined length;
creating an index for the sub-sequence, the index including a data value
25  representing the calculated frequency of unique byte values within the sub-sequence;
and
on the sub-sequence having a frequency of unique byte values below a
predetermined threshold, applying a data transformation to the sub-sequence to increase
the frequency of unique byte values in the sub-sequence and adding to the index a data

30  wvalue representing the data transformation;
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calculating the position of the one or nore unique values within the sub- 15
sequence; creating an index for the sub-sequence, the index including a data
value representing the cal cul ated frequency of unique byte values within

t he sub-sequence; and on the sub-sequence having a frequency of unique byte
val ues below a 20 predeterm ned t hr eshol d, applying a data transformation
to the sub-sequence to increase the frequency of unique byte values in the
sub-sequence and adding to the index a data value representing the data
transformation; &n thdeububqrac dacmghaviraency EquEqey bofe walugsiabbyd @ val ues
above a predefined threshold, adding to the index a data val ue representing

the positiedemedfbreshaddpddig o hpindes a ety yalugirempseniing the possagehens:
creating ap f@ﬁ{g%ﬁ%&f"e& Whifin {hQ%uﬂ'-%‘%;gJeBéé-e having a file type identifier;

and addi ng o0 the output ta file. 882976-3
creating an output data file, the data file having a file type identifier; and
5 adding the index to the output data file.
17. A computer program stored on tangible storage medium comprising executable

instructions for performing a method of compressing a data file comprising a sequence
of bytes of a length greater than or equal to a predefined length, the method comprising:
10 retrieving the data file from a secondary storage device;
storing the data file in direct access memory;
calculating the frequency of unique byte values within a sub-sequence of the
data file, the sub-sequence having a length not exceeding the predefined length; and
calculating the position of the one or more unique values within the sub-
15 sequence;
creating an index for the sub-sequence, the index including a data value
representing the calculated frequency of unique byte values within the sub-sequence;
and
on the sub-sequence having a frequency of unique byte values below a
20  predetermined threshold, applying a data transformation to the sub-sequence to increase
the frequency of unique byte values in the sub-sequence and adding to the index a data
value representing the data transformation;
on the sub-sequence having a frequency of unique byte values above a
predefined threshold, adding to the index a data value representing the position of one
25  or more unique values within the sub-sequence;
creating an output data file, the data file having a file type identifier; and
adding the index to the output data file.
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