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WD 2005/ 039057 PCT/ AU2004/ 001406 1 DATA COVPRESSI ON
SYSTEM AND METHOD FI ELD OF I NVENTION 5 The invention
wo edoane®st o the field of data conpression and POT/AU2004/001406
particular relates to a sysfem and nethod of data
conpression based on factorial reiterative |ossless
conpressi on. BACKGROUND TO I NVENTION 10 El ectronic
binary files exist in many different formats for many
di fferent RAdA CﬂMEBESS&éMESTEM D MEFHOD
suitable for storage of inmage, sound, text, data,
executable files, and so on. 15 Binary files
FIEDD OFINVENALION i f not encrypted, tend towards a
structured format. There is usually header
i nformation, text, repetition and positioning anongst
L e t
IR EEn RATRANENS e, FRRSIEHY cHRprdfos il B fides o o
sy$terar aﬁd) rmethod ap pdate adopmesgionh bMHdC kbnt Ife&tdnaih arejtefative lossless
IS conpati bl e. Executable files or files used to
COP@FYSEIoMh f unctions of any type have a considerably |ess
structured format. 20 There is, however, an el enent of
structure as these files either have to interact with
BAGKGROUND A INVENKEON per f orm a function, or they
are part of the operating system Conpressed and
encrypted files have the | east structure as, by

E16@fnibinhReHilek RRRY m@ﬁpatfréreﬂiefoﬁaéty g6r Mok iffeRerlt i@, These
In the case of encryption, a key is used to define the

forsats insbudetforaats suitablesfor storage o prags pend, text, lagr exeeniable files,
and%o 1sied for repetitive structures. In the case of an
encrypted or conpressed file, the file will not only
have the internal structure changed but, parti cuI arly
in the case of conpression, the size of the fi

BiggryHdameqniaining degy lfawb?ri%m} itend @ivagdSzaest&wm%i igingat. Thereis
us@iFBealids M@qﬁa‘ﬁ%ﬁ,eteﬂ[ Fept et ((;)1}’ ]aé& P&&ﬁoﬁgg Q&%ﬁ E&lBher components.

structures arrange es pos I'n actu
Gaeedly el §rsafdw bytes on aolbinaityhﬁb camdie rani mdicsed .of BhBle type and

mQUben CtyalLy, Usgdcan onl v, be,a0pr ot 18 eebaSed i ORics o
files used to perform functions of any type have a considerably less structured format.
There is, however, an element 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
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 2561048576
possible structures of arrangement of bytes possible. In actual usage only a fraction of

this number is used. The number actually used can only be approximated based on an
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2 estimate of a nunber of different file types,
functionality of executable or operational files, and
wa@ owps/0e®sT on and encryption routines avail abl epCT/AB2@4/001406
are many existing techniques,to performdata '
conpression on a data file. %bne 5 data conpression
al gorithns are based on indexing techni ques and
i nvol ve the cal culation and indexi ng of uni%ue val ues .
estiinpiei of aanalaber 6f differanh fitklypes cfnmt@@ggw efzexgeutable @& operational
there is sone repetition of. . ues within each
ﬁlﬁ%éni)c/?rgprgg%gn an ?&thopﬁgutén% g%‘%}e/a%h'l es, there are
only 160 to 170 uni que non-repeated val ues per 256
byte segnment of code. Data conpression techni ques
Thsessarg roanyt exdsting terhriaves ip aeifome daie qempresspngsy & data fije. Some

OE Bk R RIRE Pt 45 SR RN e

calcATAPIoR S8t Ned&xitabAudiqhe valosswithinngdata fil& Semosnaenpréssed data
bytes of a length greater than or equal to a
filgs, dhiereiip sameaspetition: dfedatevplges within E%thﬁgét hgesodpsegpent. In
iQ\Vin d ' f econ t
w4 fhsle s BB Lo o, 178 e RGRIoH R @A er 256 byte
sepRbIY of ceial cDhtatdongréshion ftechnigues pasefl amfagtesiabyaleulations do not

values w thin a syb-s ence of the data file, the
Wk eseaR e WW&G&OF%@% not exceeding the

predefined | ength; creating an index for the

sub- sequence, the index including a data 20 val ue
SUMMARMOMINVENTI®N Ul at ed frequency of unique byte

val ues within the sub- sequence; and on the

sub- sequence having a frequency of uni que byte val ues

Intlﬁiecﬁé?é’ct thé RARLESNpReHllct Aneshel 6f cappleydinga datiafila comprising a
transtormation to the sub-sequence to increa

t he
sefipensged dytesfolimlcnad goater than gesqyal tp @ep@@mé ce]w%éhe method
. : ' the. i ' . .
oA TR 51 A B s EREETALL Tl rin
therdatiuBIRGY difec?acaesd miemoby tealculking 3h<a Iﬁteqlefinay f exefuie fogte values

a data val ue

VB SOt b SHeiTn B SENE BN ORI e, ut fageeding
ALy A2 RAPAERS s Kl O SERE Bt g o
vaodiremesenang ntle catanlatdie froquenay afavmiqhi¢ |byte wWhues within the sub-
se%l%grlsc!eg)gl?g (5)12 tﬁec-srllltége%%grf'c/e %%/idfl%esa fr%quency 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
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.
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BRI EF DESCRI PTION OF THE FI GURES Preferred fornms of
the data conpression system and net hod of the

w0 noosnsdoen will now 5 be described with referp@rava4/001406
t he acconpanying figures innfhich: Figure 1 shows a
preferred formof the system of the invention; Figures
2, 3 and 4 show flow charts of a preferred form
conpression process of the 10 invention; Figure 5
shows a table of expected conpression results for

s B PR TSy Ghis " he | vent fon rel at ec

to mul ti-repetitive byte conpression enhancenent; and
gure 7 also illustrates a further aspect of the
Prefme@tfmw of¢hedats cosnpregsian- gysiger ad methedtaf the invention will now

b E A T P e S =

conpreSS|on system and nethod that is intended to
to a data_ file 5. The data file 5 could be of

Flawfy I%PW&BPQC era%fmqfdhe Pyt el 'ﬁs Igfgption;p5 WAV,  DOC,

XLS, MDB, ZIP, SIT, ARJ, ZOO, TIF, JPG AdF, M3, M4

and so on. Data file 5 could be stored in secondary
Figires age ahd 4 ehow rilpwpahdrtsobf opreferrédfamm corhpresdaegrocess of the
. wWth a conmputing device 15. Conputing device 15
inyeptidides at | east processor 20 interfaced to direct
access menory 25 and a display 30. It will be

appreci ated that the conputing device could include
Figurefeshiomtsex fabbe df expestadeqompuessionenswdtst for peofames embodiments of
thdata 30 entry devi ce (not shown) and an output device

£ 1B ntigfh WD 2005/ 039057 PCT/ AU2004/ 001406 4 It is
ant|C|pated that the data file 5 conprise a sequence

g%t es of a length greater than or equal to a
Flgur@ fillyséugtes en ierther | aspent of ghe fiyangian freletadoto appdi-repetitive byte

fined length is 300 bytes. 5 1In
gpéggﬁwggh%ﬂmﬁwﬁggggsor 20 of the conputing device 15
retrieves all or part of the data
Figure 7 also illustrates a further aspect of the invention related to multi-repetitive byte

compression enhancement.
DETAILED DESCRIPTION OF PREFERRED FORMS

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.
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. It 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).



10

15

20

25

30

file 5 fromsecondary storage 10. The retrieved data

file or part is stored in direct access nenory 25.
wyars08®sDper ati ons are conducted on the data PCT/au204/001406

part thereof stored in. Argsulting output data file

35 is created in direct access nenory 25 and stored in

secondary storage 10 or other secondary storage. It is

expected _ that in many cases the 10 ouyfput data

§ file
It igsmnfipippted thap thedagardilq Lrompriw aseqpengsrhbytes ef glength greater than
d ' i i - ] .
or RYRIGAIFERFRY o, B thd biofring Ounh oF o YAl sHBined
lerigtieisii00dgtdsned | engt h of 300 bytes. If the nunber of
uni que values identified falls below a threshold then

a series of data transformations can be 15 applied to

Inftopéraﬁb‘ﬁ’m%%‘ﬂﬁébﬁ 2038 @Jrh;s‘\g@g deQick 18RS Cest dor part of the data

equency o ni que byte es I n the sub-sequence.
filé\5 ffitour sdcbhdary Stockged Ot rThrstmievat daafilearparténstorediin direct access

stor in either direct access nmor 5 or secondary .,
ERGH . VoS BRFAIPPSHE CBTATION OB AR CL PAG TRl giored in
A %&ugn@ bitpuaddth {1135t ¥ QbatbPRHAITLN ALERMALGHrS 29URAGESed in

of byte val ues or predefined sequences of byte val ues.
sedindaryetierege &8 onpthes segopdarystaragk Ky exgteated shat5n ndmiyamases the

| ternati referably.in, addit] the data
Ou?ql’;ﬁ%tﬁgﬁ?%f W@Lb€8ﬁ%8‘ﬂ% et?”ﬁl%%’ aﬁ%ﬁ%&e a plurality of
mask formul ae 50 that can be used to generate
addi ti onal mask structures 45. Application of the

A gul-sequengs potheetata file 8 rip diigraxemined. f The lragthdes thej swbcpequence
i el yd ' :

prOSRN o8 B SN BRIk NAHEGED A, St e ot wric

vahigb-idatjfied dallsobeloWwea datshold thenS seties iofdiaka nsfGrmations can be

cre teg]th t is subsequently wijtten to _output 0gata
appligch i3 e FHesHRERSS; iRl BfieTBRieit Wcksgse BiF Heateday ioh dnigns byte

vafheh BIRESAS ¥equeR&, L Oon index 70, a position index 75
and a pernutation index 80. The contents of the 30

position index 75 and pernutation index 80 in sone

RN T
mEE&TT 20 Redivry \Wr2805/8R98ad tP&HOﬂHZ@M/CQ%GQ&és |51r(]) could

_ The system may al so include a data array 90 store
ingdpgee t pluradits o1 rrendamyly? Bensrateds segisdensy ok byteayauesTiee predefined

secg%hgg(s?ég g‘%eg\%l&e%.u | flhep %eql‘l'lséggesta(%e %EO?EI;CF ag t%r?as AihBHies 45. As an
alternative or preferably in addition the data transformation components also include a
plurality of mask formulae 50 that can be used to generate additional mask structures

45. Application of the data transformation components are further described below.

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.

Operation of the various indexing components 60 will be further described below.
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conmponents 60 and portions of the sub-sequence of data

file 5 being conpressed, before the contents of the
walaioa/0zgosmy 90 are witten to the output data PCT/au3®4/001406

5 Figures 2 to 4 illustrate preferred form operation

of the invention. A binary data file 5 is preferably

segnented into a plurality of data groups. In one

preferred formof the invention, each data group is

Ths, sistrney dlep insjudesa data wsay 99 staged i diegtearspss Bgmory 25 or

[ t e, Sl 0 § [ : :
seBRRLEE SOLAR, Tt pA°utly” 80 FoukdBe ULE (O 5P 0 VBlus indening
cottpfoactits b@ and pditibad ofthe slle-ded@Biicd af dast filel5i tsdin grduahpressedrbefore

not the tag file is of a length greater than or
the gengents BP 'glege@@éqavﬁ@@r? whigen o opfpt gqtéﬁmid f or m of
the invention the initial predefined Iength is 300

bytes. In one formthe entire data file could be
Fiperes R ew é dlldstrate ssprefonctd fyrns bperatien afitble idventort. i A dichay data file 5

Tl ored in.data a[r 9 in direct access nenpr
i peeteplsCiRen e 1o P sl EHER a1 P PETEEH Prigeot the
in{&ltioh e ¥edh d&éa%rgﬁﬁq S ey ﬁ)bogﬁ% 020e@S a dafia however, be

stream The di group is counted 205 in order to
appedciatedathat the eize o€ theelata grofip beingwemgeassedveniuldblse anyi sitg eiver five

bifse e Sl re Mok AUER S st Moty 67 het (8 ke of
lepstBf @edtadtiafr ép EdiRl RS Eadgfeideﬁﬁ’edt Rhe®holigl ong piéfrrell fform of the

there are 20 | ess than 256 uni que values within the

inggdiopythe injtipl pisdefinedelengthap 30ADYNS. nby engyfarm the entire data file
ool PAIS1AT 0P S AL O, 4L By BDSGRAF6E ary o
inlkiyteet acabssesemortytfisn Alnanstivel s pertiencef the fdatahfile f5r@gittbe setrieved
of uni que byte val ueg falls bel ow the predefined
from Secomgpiy stiragssk) asadafa pea. i t hin 300 bytes then the
sub-sequence is tested 215 to identify whether or not
a data transformation "mask"™ is applicable to the
Theudets gpup ne eounted 2feinmrédrdo celdulatsr the dfequéeriey of muiapeidata, values

Sstructure library.is maintai.ned.in c uter_nmenor, .
witjR g S GOU dbe TreBeRasO s 8 vaRiag 1y papRRigd 210 with a
prod<&Finel #abshol d) ClnWae prefeiRbdiforin thy pRlefiAdRkNol 8 I BI@ I8 there are

data sets. These data sets could be each identified by

legs tham 256 amiqugerntucs ivathin thre3hbrtesub-seprengriherf prg er more data
trﬁ}s?orrl%g?&n% gomg)tg%pfﬁgggg yth@%ﬁb—%%i}%éc‘:&?ﬁér%e ge’lpwzv\%ﬁnpt to increase the

respective ran nerated
fréfiehé YOS AbgheIyTd AIURECAHIN HMub-sequence.

If the frequency of unique byte values falls below the predefined threshold of 256
values within 300 bytes then the sub-sequence is tested 215 to identify whether or not a
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

generated data sets.
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6 In one format |east one of the randomy generated
data sets has a length substantially equal to the

wo eovgiboost t he sub- sequence of the data file. PoT/AUR®A/001406
words the nunber of bytes ig the sub-sequence is the
same as the nunber of bytes in the transformation data
set or mask. Such a nmask could be applied to the

b- b | yi data 5.t f qr mat.i t :
In SBE {5 RS0 e bandPnTy BEheCaiRd duf dets do® Rdeein shbstantially
eqi41'th SR RAGHNGK thE ¥liS-s¥leHES oPhed dabefifeetihivlYeE dvords the number of
transfornmati on data set. One exanple of a data

bytas am deoruleseieance ¢s thedamess drdiurhlony of Diytes fin thet tramgfosmation data

val ue .of the sub-se nce and.the first byte val ye of
sef Bl s  SLEF 2 Park. S HECTuRRL 10 M omtis b Fpeffinda o
tradSOrhtidnh® te8pathive Dytd1@alueRInCiHeaubdeqipte BEAMPHE cofrésponding
the first binary value of the sub sequence is 168 and

bytenealyasagd thei igtiieyed ippdomtationdatiseh set identified is
203 then the conbined total is 371. The transforned
value is 115, calculated by 371 MO 256. The second

Oreyé:@niple bhe dardqr@sembisort Refodulansddetsre dThafitdh ®yariue of the

way by the second byte in the data set. The third :

subpequenee angthe dimst Syt iwabecof the dpfarset ara addedr taaeiherand dhomodulus
) _ o _ \

25508 10D, gy RihoR e AREHA0, B, LA Bt s

sequeacé dy 068 ahédrtke dostl inkry Gues36 theaddta stir idehtifi@b iss2E dkn the

iR qual P70 Thh HERTOTBH DI Brt 15 riadsulsitnbs | DORasE. The
seébr@Mite §15th§§§queﬂ’@igi t{i%f?m?s%%@dhﬁ thd SRy why b §efc_ond byte in

segnent pointing t he rel evant data set “identifier.

theriata deft alter third fhytaman the sulz-eeqvonemis shetbtrawiidrthedimbesden the third
sk, formul ae.for exanple: 25 Standard deviation of
bygé?lglé Yo 68%3888%88'5 of the data file of 300 bytes or
less. It wll be appreciated that this fornmulae is
not available for use on the first sequence of a data
In thif way thq maskels ppliad 3294e the syb-sseugpcecedi ng
sub- sequence. Reversal of values within the
sub- sequence based on previ ous sub-sequences or 30
In siha rfoia,thekewoatd b&$5,53 Cahasldsabered ppdred &b kbemplitet aiettiog® each
b d t t f th b- :
masﬁsp?ovi erz]d wptﬁ aséatcauget liléeenti%er n tﬁe Stcl)er g? gl‘llj ienr(]i(f::)? number between 0 and
65,536. The index could be simply a 14 bit segment pointing to the relevant data set

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

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.

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

e  Calculated applicable structures based on the structure of the sub-sequence.
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WO 2005/ 039057 PCT/ AU2004/ 001406 7 Random y gener at ed
segnments based on file structure, added or subtracted

WO 2005/08905T el evant sub- sequence. The above f or nECEHAU2004/001406
could be applied in advance yo0 generate a series of
mask structures. 5 Alternatively the relevant byte
val ues coul d be cal cul ated during a data

transformation. ., In one form5 ner af ed
o & R B op il e mons dagrben die SEraTEy b ShEdeted to the
ACLBSSntf®BRENuchee, 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 comopn

THOGRPVE St oulshPr BaraRg 2t b Fenittliod Jerigs of maSk structures.
g%@ﬁ@&? %e%fe‘%&ﬁtlﬁﬁévﬂﬁéb @clu?&b@ @al@ﬂﬁdeﬂ Adrih® a®faftefransformation,

ormat s’ t hat have "high levels of repetition.
InFard fowinrfg 2traadatalyaganerabest sruehireoar mask sructurbs sescliensd an direct

the sub- sex ain tes de
oSS REPO ot aru e Ao T 9, S0 e rne S i e hat may
ha3R2 3y b€ nes BN GRlues 1oithibh 4 DEO ByaS Seqeice? SPhid Nk Wathmon in the
val ues, and no further mask is applicable to the sub

head ensdomneing phis iof thebinary deerofumasry By aks anpdicationsodbessrandomly
d.t |
SR gL SgRAPET 23 BRER gl fp SO hhaP Rl P RE oves of

repefigied tenporarily to 152 7 bit values or 77 6 bit
val ues to exam ne fewer than 300 8 bit val ues
(bytes). The threshold would then be raised to 300
hBkh-Widuk &eq tested
gg@@?? a?i‘ﬂ&aﬂx%&?&é{n thH gl f‘q@é‘ﬁnﬁ&que&?s unl i kequ ! S agam eote
2 Hilbi lﬂenjtfy othether almt[trthére laee 260 Uniqrecal s %Gmuthe@l@@ byte sequence.

I i t hj 256 t t but
i el S bt BRSPS R FBRRRE 4S e s
séffubhceP Ehen2BE thh%bl%l& dfajom}ém ihicRveRed A t1RLHITOB MRPéated on a
exceedi ng 300 bytes once the appropriate 25 random
sthilles swibrsaqienc® Haynbaaﬁfeapélqné@dlmwt dhg thyegheld cprdd be lowered
t ent
telpﬂ)é) qg}llg gcb %ﬁ Z/Bg fvaﬁlﬁ 8r ’é’} é%ﬂ?a\%ngée é}?ﬁ%ﬁh? Eet\&per 'tl?a%rﬁ)%so’eblt values

(bhRR).| Tive tHirésBBldC RGNl Bk Deafaised d6X300fbyttdsefodARe (ﬂa}ttasub -sequence.
values within the data group. 30 The index is

Tb\séﬁléllb&@le%@%Fléﬁllorendfttﬁgb%la’f"a array 90 in direct
access nenory 25. The index of the 300 data values is
first created with two bits. If 256 uni que val ues have

1t is unlikely that addition of a random file will create 256 unique values within a 256

byte segment but it is possible in about 10% of cases, It is anticipated that there will be
256 unique 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

* 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

index of the 300 data values is first created with two bits. If 256 unique values have
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WD 2005/ 039057 PCT/ AU2004/ 001406 8 been identified
within the 300 byte data group, then the bit val ues

w0 OW5/039087 written 225 to the index. Wiere a nBSRAD284/001406
been applied to the sub-sequgnce, the mask or data set
identifier is 5 then witten 230 to the index. This
mask identifier will preferably be a 16 bit value

oA B TR s PG o5 8008, 7% e Pnen 25
tokhdihdeo mask, or a null mask, has been applied to the

sub-sequence. Wlere a null data set is applied to a
sub- sequence, the sub- sequence foll ow ng data

r ansf or t|on is nt | |de ical,to . the . .
Whi G RS Bplieh i e Syfssdudre thé i bR abficiet idppifier is
th&E¥itRh B0 tB th@end¥R! hpds %ask h&eﬂtiﬁéﬁ it | %etbﬁblﬁb& REI Bit value

5 a tenporary position index. he tenp

1dpmsfmgdhe madle valse detvoeen Grendh 68,536 aﬂth§ Vatuet(hen fherm@sk identifier

te ip.t up 1 g
i P AR M0 g R AT B seavence
WheRNa ndBniatd s@ds applidded @%&B-s@l{l&hee 2hé sulﬂba}menc\b’:lfdlbswng data
are being extracted froma 300 byt ata group. If

trangfarmetiomr is v syhstangialin gidentigd nied the éequgt pricr to the data
e of the data vaIue in the data group, or a
“%?g#ﬁbﬁggdata group, "1" bit value is added to the
tenporary index. On the other hand, if the data val ue
bei ng exam ned | of, an ear r data va
TinapRees i g mghad GEape BRLtqh 1Y fatenes LB RS igpndex.
i ndexi ng nethod term nates as soon as 256 "1" bits
have been witten to the index. The tenporary index
Theateinpiorary gosidas ynctﬂ\au’atmgtmﬁhdd sl fhecﬁnsﬁ b)rte o theaddta group
ata value,in th at a_.gr n._the..resul
o grbose g oaruelt Pt iR i G5 Wik yaings pis been
id&Rxifidi G thie RO RS 2O WhiqRBYalabd aréBei@exBbGed F6h a BO0 byte data
exanmple, if 256 "1" val ues occur. in the tenporar

gronple Xt abewiculaggalan being £xpminedds thenfirst affcyrrﬁwe&f th? [pta value in
th\%r(]iia Fg;{%ti{% g‘t E?[’evﬁcﬂﬁ Td(rai 6%8%% 208> ll’)ﬂ' VAR 1? &d\f@ ltﬁé?[%l{n‘}xnrary index.

es 0 b- sequence.

ORiths othtr hdnd, iﬂlﬂ@&atwivbluelb&u% ea:lanﬁmdlyls laeepmaSef art earli@rldata value,
if there are 256 or &l 3(5) val.ues w.thin_t
Fanqe

thsmae“Od Ritavegficols pYrita ingo npdieapgexingmetho Jpaminates as soon
2P U na AR Wiflschi6 ifinfied ndex, there s a more

ficient way of storing t |s |nfornat|on The
The temporary index facilitates easy placement and identification of each data value in
the data group in the resulting compressed bit stream. The number of “1” values in the
index indicates how many bit values are used. For example, if 256 “1” values occur in

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

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

number of “1” values that appears in the sub-sequence is already known. If the order in



10

15

25

30

nunber of "1" values that appears in the sub-sequence

is already known. If the order in WO 2005/039057
wWEOnsAMO0D4/ 001406 9 which they appear is di SPe€mav2®d/001406

it is only necessary to recayd the nunber of instances

of uni que byte values. Rather than record the

tenporary index itself, it is preferable to create 240

a ition .5 inde te this 05|t| i nd
bR i srmar ot Ressraary R Rt s BORGG notances
Ofgéﬁue%ﬁww@hggs followed by 44 "0" values for a 300

byt'e sub-sequence, this could be assigned the

p05|t|on i ndex "0". The nunber of ways in which 44 "0"

555, 236 B2t 1681, £ BEGIE L P Rfgotin
1n(§§05r{d25v§rte Mé 6)B§iﬁ§h hh&xcmenﬁ\hinoﬁﬁeﬁqlmhe& ahd téfporary index
53 with 10 val ues V\/nerethere are 256 "1"

1nqladlase256a‘?ﬂd’ Muescfollmaech by 441H) svalussi fonm 39shite svb- F%I‘é&ce, this
val.ue of 4 x 053 h By

el RIS € T VL AR 440 s

anﬂ%ﬁeﬁe%ﬁn@s cdbbd hiirsn g avithih fled 300abjre l’datfa@dillpsisd‘(], n@hls means

t he actual ngorar I ndex of 300 bits y taki
thatdtharst @rge309f'/2 A4 apassibleagompisations: equgl tq> d e X SHg° within 300
aI U wnb osition i ndex
Vaiy tea tcli:l'z?\}r?hage recor\gﬂmolleSa ?’é?obbfﬁgespor 22.125 bytes.
It is also inportant to record the order of the data

values within the data gr to ot on
This MsEERYRAPsKign 1adev %Bﬁigé ’ !‘ﬂ%F %8%8 eq» & Value
th{i’:ﬁf@ iRt fhPorder 1BYeFebrBbdn@d. ' ndex and by writing

permutation index to the main index. The
pernutatlon i ndex cal culation is based on the number

of ways 256 evaJu eordere .
Thys, e ﬁ%tﬂ ﬁl‘f%é 3@% a\ﬁﬁa‘ngfﬂpolraerﬁe{l |of{136d;§1ts’tlw taking
advhfitibe YPIHe act2Ratl tgleureheled St 8051 iluds tin €, tefrPbrarfiéndex, the

second there are 255, for the third there are 254 and

p@dlomndmmsteaécanémré%ﬁ@m 159 ttse0r 22 B5EsSd to as
"256 factorial". The nunber of possible permnutations
of 256 unique values is therefore 8.57 x 10506 This
It Yedlsteirgioitaieto reeqrt elsendedofiiie ata84lues tathirsth2 H6@B4rowp to enable
equal to 8.6 x 10506 which is greater. th
not 0udB @U%%S@Pt@tlaésoeé‘iﬁ%r%ﬂo"t 0 OISSaOth"

permutation index and by writing this permutation index to the main index.

g@%ysgeatmg 245 a

The permutation index calculation is based on the number of ways 256 unique values
can be ordered, or the permutations of 256 values without repetition. For the first value
there are 256 possibilities, for the second there are 255, for the third there are 254 and

so on. This is represented as 256!, referred to as “256 factorial”. The number of

0506

possible permutations of 256 unique values is therefore 8.57 x 10°°. This value can be

represented by 1,684 bits as 1684 0%

10°%. 1,684 bits is equivalent to 210.5 bytes.

is equal to 8.6 x 1 which is greater than 8.57 x



10 -

15

25

30

WO 2005/ 039057 PCT/ AU2004/ 001406 10 The sequence O,

1, 2, 3, 4 ..., 254, 255 would be represented as
w@eorosis®si on nunber 1 and the sequence 255, 2BAT/AR2®4/001406

... 3, 2, 1, 0 would be reprigsented by pernutation

nunber 8.57 x 10506 5 The pernutation index is witten

to the main index. The main index will by now include

a data v e_represent,i t he cal cul at ed, f requency of
THG SequaIabite Tvdi s P> BRI DI & DL Homber 1
anfShb rk%ce[@érfce‘i@SUQM,"@S]E}" ., 130bl quwedwbildlBe Ripk&sented by permutation

representi ng the ’mask that has been applied, foll owed
nunybet 35708 1@ ﬁ'epr esenting the position index, followed

by 1,684 bits representing the pernutation index. 10

Upon reaching a point where there are either not
TWE%tHi&rﬁ ildef tis ivtitidactodmbankin! BdeL TR AbM fdex will by now

sub-sequence of a sufficient Ien%:eh, or there are not
inelndeighdatmivejue repabsgeting #fet calculdied repeency ddenigie\i§ valegs within

250 to the out.put..tile., .15 The.Qut f Lef .
thF RS L P P 4 Pl L bl b B o Pkt the
mhakP €hat Ahab Wdeh edpplibdvofolyives Hyoll Y pWiRgrepfegerdtinigetht ysition index,
identifier indicate the nunber of times the nethod of
follpwedl by diftS4chitsierressabng hepeanyietien tidg%r ti cul ar data
file to a maxi num of 65,536 iterations. 20 Fol | ow ng
these five bytes, the index stored in the data array
UpPéh iréachthges pbint trrothepuitre dithee noFehduphi bt Iefieini theebata file to
are added any val ues. outstanding fromthe indices or
obigia a Pibzseapeiicr 0213 sgtipasnd ii’é\&fq‘ [9F {heF pLrgot Faﬂ%ﬁ(}h‘f‘}ﬁ%“% Yplues left,
[ r | . In nost cases, it is
m%ﬁg%%?@%‘%ﬁ??“?ﬁngbﬂﬁfTﬂ éqﬁﬁe five header. bytes
followed by the 25 body and 63 or |less bit val ues

witten.gn full.in upnconpr.essed form he, end_ of
T ebELEls el hefdeb B B RE%S iRy heREDhe oA forter
W Btes alllovving G fiRAlpONctifidrnadiess thhBimbBéeof tithds! the tethod of
consecutively to facilitate extraction in a streamn
thnaimﬁemtiomha%}ésm irge dcbb wepdriicpy dpia file toharmayimum 198 65,536
t ances where there are no | onger 300 30 bytes
hing in a data file following multiple iterations
of the nethod of the invention, or there will be a

sub-,sequence of 300 bytes in which there are né)(} 256
Following these five bytes, the index stored 1n the data array 90 is added to the output

it%rg

file. Following the index are added any values outstanding from the indices or due to a

lack of sufficient bit values remaining in the data file or unique values.

In most cases, it is expected that there will be the five header.bytes followed by the
body and 63 or less bit values written in full in an uncompressed form at the end of the
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.

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
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WO 2005/ 039057 PCT/ AU2004/ 001406 11 uni que val ues and

no further mask is applicable. As indicated at 260, in
woe@sps®serred formthe size of the sub- sequePCEAU2004/001406

retrieved fromthe data fil gjcan be reduced. Referring

to Figure 3, the data file is checked 305 to identify

whet her there are at least 5 152 bytes remai ni ng in

uni%%pv?aﬁgegggl & fyﬂ%?rtrg%%qeﬁgarggp%aﬁﬂﬁ St 13 et(ﬁét@t 1n one preferred

fofnh kiR sidetFMhd Sifd-SHdUBRIe refrieVie foia tuahmﬁlé%ahme&ew&d.152

7 bit values is counted 310. The nunber of unique
val ues is then checked 315 against a threshol d nunber

R el SATBA PR yRED SRS EuEAD 8 e o s
lsamgtds@a’ﬁalgmgaﬁkhé Gath GRNL | f| ed 340 and applied 345 in a

simlar manner to steps 215 and 220 from Figure 2.
Once the threshold nunber of unique values have been

If ﬂ?@tatl qgas 13§ %Sf}e%%gh Qbﬁpﬁ%&%%§ 7 ljfﬁ .\)a eg Q%g%g{r% ip th the data

seguence
file,ntlenx tmnﬁuﬁﬂee olfnahhpad value® wmﬂsthbd 50 h?ebls tz@lp&s isrual)tuﬁaﬂ ed 0 The
at 230 aonwards in Figure 2. there are not 152

nugher, e%umaﬁlﬁawvwgsﬂaﬁntf@eﬁ}feééééagamm thrrsheldmpmber ef foas .example
2
IZ%I. ?If%ﬂ%rg Ute nkéé‘kﬁﬁ%l g&Pur t 69 %?ttl?eﬁlﬁ Bgﬂensélg s%égenze, then an

seguence an s ar
apahpﬁbﬂe:mbﬂmsadentrfmdc?&[OeahdaappB&B3451 ana sinelanmidnocdr Pasepe15 and
%g?sﬁ ?t sh wn in Figure 4. As shown in Figure 4, the
|t groups in the data file under
exam nation is reduced to 77 6 bit values. If there

are 77 6 bit values remaining in the data file 405
Ongsdhe thieshaldmyenbesfof uniaya ealuas have been tdeatifigd & the t152 7 bit values

in, tﬁe é’L % qtﬁ%ig‘}eer%tg' Q\[enc%a‘ T)h 9s 1 rﬁg‘g r3f58f ﬂl{ﬂ? ﬁl %ﬁ\é nd S method

'S C adal n resho are

prb&®gs totthaktepdindivacident 230 ve®ardp i Figuré2.6 bit val ues,
then the nethod establishes whether 420 a nask is
applicable. If a mask is applicable the nask is

398U 5 ISk o L B8 A20 0 At 135w
vaBad @nnbt%locﬁtednwfﬂugw @53.7 Bib stb- séctuenee and n64fubthBIqHESks are
p@? pa(%i%ﬁs H@@ated at ?SJ) %htenst e meﬁl% epna%sees to tﬁat s%own 1n]F1igure 4. As
shown in Figure 4, the number of bit groups in the data file under examination is
reduced to 77 6 bit values. If there are 77 6 bit values remaining in the data file 405

then the number of unique values in the 77 6 bit values is counted 410.

The number of unique values is checked 415 against a threshold of 64. If there are less
than 64 unique values in the 77 6 bit values, then the method establishes whether 420 a
mask is applicable. If a mask is applicable the mask is applied 425. These last two
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” is written 430

to the index. Control then returns to steps 230 onwards in Figure 2.
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to the index. Control then returns to steps 230
onwards in Figure 2. WO 2005/ 039057 PCT/ AU2004/ 001406
wda 200kf03908ere are not 77 6 bit val ues renai ni ngPCTADZ004/001406
processed in the data file, pr there are not 64
uni que values within the 77 6 bit val ues sequence,
then the bit value "00" is witten 435 to the index,
the index is witten to the output file in the sane
manner as step 250 5 shown in Figure 2, and the
IfitledFe bl fvd 7P tSvdliestrBRafh@i dtoltel proRER AWM tHe fifa HiR, b@ere are not
output file. It will be appreciated that m nor ' )
64 Heidye salupsewitbiadbe 77 & bihsalpes saquenceohen Hudt s#loefi0@t is written

pn.Fjigure .2, dependin n_the nbh of bytes
45508 18 8 i SRR 8P o AT R i efier s step 250
shodlnuia Figdr Dj dhdkbe retdthing @/ RS theldat Meatd wRled RABX output file.
woul d be 10 152!/128!.24! which is equal to 5.48 x

1027. This can be represented by 93 bits as 293 = 9.9

. ' | LG 6
1§y appidR R BT altts UL PG B BoRSHARG: ol shown
24einrFipiire 2 démralding chdhbinimbasofABestundeBdkartnidddibh. WWhe&® there are

is greater 15 than the fornmer value being 1.84 x 1014
12§ mnfqgiel gata nyHless ontigyekd2ar’e b egigipedtheopositien index would be

1981751 84110 i AR SRAMS 2110F &f2én ¢ ' its as 2 =
%@gd%g o% tﬂ%ﬁﬁurrber oflObyﬁgusszéa%yg:}e%@g%%ﬁ?f%%ws as
99helWbr nut ations for 128 values is 128! or 3.86 X

10215. This requires 717 bits to represent as 2717 =

6.89 x 20 10211 The pernutations for 64 values is 64!

Waterel tifefe Xard 0830 um'q-lﬁléi $alG& abi®sd eBT 6SEINt SRy tROGindd tould be
as 2296 = 1.27 x 1089. 25 Figure 5 i1)lustrates a table

TY{648 e T eansbe represantgdtby 4 bitspass? 7 es2.81 3107 (@i is greater
th%lﬁ&%pt%%ner%iu%gje?%gsﬂﬁ%ﬂ 320 bytes, 300 bytes, 152 7

groups an bi*t" "groups. Included in this
table is an indication of the effects of the inclusion
of a variation. This is described below 30 i
Simgileplyp praey; danges age geqyired fanthearerpplapion dndexrrfopmeat step 245 in
Ve T ' I i.ndi S e .
FRRS RO QORI Pt MR b R ler GO BRI HipEeififions for
128avilngs isHESY ang)86 xpt®Vi dBss tdyaireel EVbins toviapresent Bee’" = 6.89 x
ukﬁdex coul d be used for restructuring in conjunction

The permutations for 64 values is 64! or 1.27 x 10%. This can be represented by 296

bits as 26 =1.27 x 1089..

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
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

provides the relevant value. The index could be used for restructuring in conjunction
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WD 2005/ 039057 PCT/ AU2004/ 001406 13 wth the header.
As all conponents are packed together, it is envisaged
WO ba@ts/osdoseanm ng be used. | ndexing of the pl aceopAU20#/001406
repeated val ues could be chgnged fromthe string of
"0" 5 and "1" values for segnents in cases where
there is a nore efficient method. For exanple, if

o BSRAA, 01 B e e SRR 3R B Y Sreaming
bedRéd h and 258th bits, it is known that the first and

| ast bytes are unique for that segnent. Therefore, in
the case of 257 values, 8 bits will provide the

lLocat i of,.the sipgle. r f lLue [ i €y
g 338 nEheroededenf PGl SaRS T Pt Bl A b shie of -0
ande "Cad@esOfor e 28Nt A &caS@OWBEte. théRkeisnPittee efuied method. For
applied to all file types and structures. For file
exaippls; ifghersarqenly pagor %mtepaat@d ¥alHes thegqumbgyof bytes would be 257

or @S 'Iﬁa{?ﬁe@ %%e&@«ﬁ%% “2%1(1: %gﬂsbitssuﬁl?s Bovit Hf ﬁllesﬁr'rztl dnd lgsst bytes

produ i nvention on a single pa
ar@@biqde fartthaicbgawe. Mheref@erinl thy edss.of 257 iavey 8rbitstwWill provide the

nmet hod_ coul d be appljed repeatedly over the sanme fjle,
lopatigncohn o singls rgpeated ¥alup Ao %a*ﬁéwﬁuws&de etlprationgef both

rehéa%ﬂelh?é@ﬁn 'tl% c??eﬁem bRE sthdar e processing and/ or

ser require s. Deconpression is extremely rapid,
as all conponents are known. Deconpression may 20 be

T B e Pl Bl S SRS FRL AR ot
thhﬂ&@&bﬁ@rés&dcw&@isr&%b\l\é bRbBnts B¢ 1861k Wakh SPPRWA&SIATP product,

then nmultiple deconpression roltines could be
thpemetbeded therioventiont 9ty a siggler pase vappd invatdchbisse dbeisgme levels.

i.nel ud f ' i N
o P O B R RaE R s R AP S IEHR oG i e

cabh G188 OfTthe XniBtber @fdirBes OMNiterallons & @sphddnP cankkdrdwaNd pieoessing
on demand., The invention has application anywhere

angjsruser 1gagiEeddimes nary information i s stored,
transmtted or used in any format. 30

Decompression is extremely rapid, as all components are known. Decompression may
be more rapid than compression, as compression requires the matching of random data

structures,

As all indexing is contained within the actual data itself, then multiple decompression

routines could be performed concurrently.

Other applications could include 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.

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.
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The description above is based on 256 uni que val ues

within a 300 byte segnent of code or smaller. It wll
wheooappaosTi ated that this selected size is forPCT/AU2004/001406

illTustrative purposes only. 1YW 2005/ 039057

PCT/ AU2004/ 001406 14 Data groups of 5 bits or nore,

or val ues between 0 and 31 could be restructured using

this Red th rrb f t .
De i BR oL STty o 141G DR G ARAT EROE o5 g ured sing
thilirhethad. uq:éed%@mg%@%u%@ld oP$an®hily genémRatdfa S/ b @Serlay files

can be made using larger bit values than the 8 bit

coplzaeandthatehynd 4bs vriubechuldbe ussdasptadl, where 9 bit
val ues are conpressed, there is a further gain in
conpression over that achieved by 8 bit conpression.

Grog¢t RESIngs BAMY afdk Ql‘sni ‘R{r @SBRE Wiltdd har RSt 56 values)
bits used per val ue. ues 10 (300 byte,

deswihedntior cemals “&Eﬁfp? it e KOBBIEBFR, (rassh fusthgr gain in
Cogr%)t}:me?slsisogl%%{] b3 agk hkeQ/ed !Eggjh o%@rxs% e data does not

SVES LT ere i s no upper
det er m nabl e IeveI as cal cul ati ons nust be based on
file size. Using the 300 _byte met hod above, this
Sangs,0r sREwEesE g Incredigt &g e sambenps b%aﬁfg PeIS’al(“ﬁe %56 values

(3@6 Eg&t %éﬁxﬁﬁ@? gg nloP c&gngﬁegﬁoaes\s;%lacﬁ)%ég %15’ er p%)g byt bdbn2dfs). In
tumlT‘ldddlmm datai ebes nb’ecbmpred;shassnmphcasfllwamalﬁms.aﬁﬂleﬁsis no upper
5 300 8 bi
I@ﬁ’%‘tﬁ?&’ g V‘tgjleﬁ‘s C?’E@Jgat{f’%ﬁ)musb‘?eo“ g ﬁﬂﬁiﬁg%t bi(at gr oupsI t

may be indicated in the header of the conpressed
file. The variation may consist of two (2) 20 parts.
Usmgﬁm H0ebytd meghedi abdi e dhis oan be exteadeduiniddi’ byte grebps) dhis means

th%I fe%{,v%%ge? Zééggggﬁgﬁlg%%nﬁe r@r&g@ blyge bsmz et{nggptn%al level

for pRifdrbed drodimbitt de@ribeR thiR@pEafigRionayd ae 111u@dat@@heE1 gure 5.
in5 bits, and for 6 bit groups the range may be

indicated in 4 bits. 25 2. A further bit may be added

V%at{ogg oﬁrhqe %0 8 V%gﬁpst@gtcﬂbl%% hﬁ’ ggﬂgls GR4 97 I6fb1t1 gouﬁ%may be

varl ances occur groups.

indiedied dh eh&lheadenf"tié comyresseddiilealThe Yesatiobhmaheadsst anfayNO 2)
then contain an additional 19 bits indicating the

Pagi§olhess rgies.

1. an indication of the number of relevant bit groups per segment size. The range in
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.

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.

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.
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30 If a variation value is allowed, as per the header,
then on a group by group basis a variation value
worayb®3ssitten into the i ndex. WD 2005/ 039057 PCT/AU2004/001406
PCT/ AU2004/ 001406 15 For exanple, default on a group
of 8 bit groups nay be 300 val ues, but each segnent
may vary between 256 and 377 val ues, as indicated by
the included variation value. 5 Further enbodi ments of
the invention may involve nulti-repetitive byte
Fof @ S it %ﬁf@g%aﬁ%@ts HANGroups nalySoedRRCTIRRAbWY dabh segment
reference to Figufres 6 and 7. Functional electronic
mdyi Vary betavden 266 end 3Hlinddues, af indichtedrbarthe inglusgd vamatiopfvalue.
byte structuring. 10 These vary fromthe sinple 2
col our bitmaps through to files conpressed using any

Futher ERBo&idn@N6S dhea¥PédiRA! Ray AEHIES MubPIRERHR B’;ﬂe compression
-algorithnms. For 2 colour bitmaps follow ng the header

enharficsment arshthisrie describedwvith refieepnse i1 Bighkres 6rad 7ot her
white. As there is a lot of repetition, conpression of
these files in a | ossless 15 manner is sinple. Mving
to 24 bit bitmaps the identification of patterns
becones nore difficult, and hence |ossless

conpression rates are not as great. using curre .
Fusctenal ehsironis fHpefpllipto mpumesngi] Birenst 9?3?3%0%? b byie sgucturing

. iy : ~ '
i TS HORSRE STt B8, thOhAPULAES o3RS pinsany o
thp batrentlyypailable fresskabd @nprésinl adggithmspr essi on usi ng any

of the currently available | ossless conpression
algorithms to significantly increase the anount of

FHEUBSI8SS biRapL 116N L tHe 8M8ddrNhformbtién Bh¢ Bit Raluei S blsk, the
broken into % conmponents as illustrated at 610 in

othérgwhite.6As tthere ik zelapfofviapesiiono epinpeagsips of thesief filea i |aylossless

| arger .than the original image. Al 3 byte (24 bit)
]n§F§%ﬁ§$§P§Lthen arranged in ascendi ng deci mal val ue

order as 30 illustrated at 620. For exanple 236, 217,

67 are rearranged to 67, 217, 236. The change )
Moving to 24 bit bitmaps the identification of patterns becomes more difficult, and
hence lossless compression rates are not as great using current algorithms as they are on

simpler bitmap structures.

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.

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

in arrangement of the bytes is recorded in an index using Huffman structures.
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in arrangenment of the bytes is recorded in an index
usi ng Huf f man structures. WO 2005/ 039057
WEENsARME04/ 001406 16 As there are only 6 posBCAE2004/001406
original structures, these 5 o recorded using the
following bit |ndexes 5 00 =123 01 = 132 100 =
213 101 = 231 110 = 312 10 111 =321 Each of the
above nunbers represents the original positions of the
byt es when conpared to their sorted placenent. 15
g t ' i
AR R WS STl PR sl G e RocRfgrufly S oRowine
bitindexaswest, or now first byte val ues from each group
are then witten into a separate file (File B) as
illustrated at 630. 20 As the byte values are in
oL qes, the value of the second byte value mnus the
ﬁLqi is witten into a file (File C imediately
1J(L d by the value of the third byte mnus the
10&S byte val ue as shown at 635. 25 This has created
jgf s File A, File B and File C. The conbined tota
11%= e Band File Cwll be the sanme as the original
/82t bitmap. File Ais an extra overhead in size as
it represents the indexing of the bytes. If all three

| . :
Bl o BRSO SRR 1R 008 b Somparcd
to\hdiwdrted4lacetean the resultant file is on average 25%

smaller than that achi eved by sinply applying these
tools across the un-nodified imge file. WO

THO 339 Attt dnGd/ dA‘ﬁJl%(@ﬁé %J&QQ an image has been completely scanned as

shown at 625.

All of the lowest, or now first byte values from each group are then written into a

separate file (File B) as illustrated at 630.

As the byte values are in order, the value of the second byte value minus the first is
written into a file (File C) immediately followed by the value of the third byte minus the

second byte value as shown at 635.

This has created 3 files File A, File B and File C. The combined total of File B and File
C will be the same as the original 24 bit bitmap. File A is an extra overhead in size as it

represents the indexing of the bytes.

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.
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17 Testing has indicated a worst case scenario of a

2.5% drop, and best case has been 82% of picture
wa@e@biospstrue 24 bit bitnmaps. The sanme gai ns CBOT/AB2004/001406

made using the |ossless conpression node of JPEG 5

This process can be applied to any file structure

using 3 byte grouping to retain data. It nay also be

over 4 5 6, .7, .8.6 ructures.to
TR BrEingl By sl nsg sodprif g 826G B SpAbETEHE S vbéh 822
oﬁlétﬁfhoqlfaﬂﬂtye&uémﬂ biSIendga. drtsddanie %&fﬂ?@@ﬁ) bé’\&l‘é@e ﬁsﬂ’l?‘tﬁe lossless
iles are used to play sound. A 10 further exa e of
CWGS@W@@ﬁHﬂ?E&rhancemnt process w |l now be
described in relation to Wave format files with
reference to Figure 7. As there are differing levels
TIAE prddedsriaRn Heldpphied B diytfile RiidtureSishigt3 b godudping tdktain data. It
16pb|t 24Dbi tdpgnd 30 gl t%) each ffegrl ngt@rmr(? col ours
may alqe: Rpiexpandef &0 saves 4o8cbirs S ale by@airupiuresdo aghicymgisater levels
ed using a number of conponents, these
Offl S?cr%ﬁ rﬁelge%sg(gllie sanpling rate, Sanple rate, Audio
sarrpl e size and the nunber of Channels. Lower sanpling

rates neanasmallerflle but with | ess uaIr(}.A

AﬁBﬁeaplﬁle arg uaedste display images NYAvVe( Wew iles treuse %@l%@und A
to S r . ;

ﬁéérﬁ eéz?ﬁ fbtfr ngJu i?)?ly&ﬂirg{f@eﬁ?eer ent ﬁoée?@ (\){%ﬂaﬂw bYSRSeribed in

relationee Waare iﬁ‘ﬁlat'lfﬂésswftb refatencs tockigueer 1. s thereraradevieg levels of

f t fil .
BUGEF B (Gt Thisbibri O AbRoleckib it “ad 45 Exstry Etipe more
co%raor KHity, aRe Qs QocBATBE Wadk fifes0f 16 bit and

2(Stereo) Channels, the followi ng may be applied. If

all byte values in the file are represented as belng

u red 1 t n . where | ast
VAT RRETR St Rarntii L Bulpee sl P B St sampting
raf¥; SempRirak) A8, A8R)e sidd dAndedeumpasIfiGHaAndYt e val ues

are witten to one file (File A), as shown at 725 wth

all odd position byte values witten to a separate

L(%%%‘%&E}@éi&%ﬁ%&[ﬁ%ﬂg%g%l&%a%%gQut &9h lgggaﬂﬂﬁlﬁ?}}. AMBono file is also

smaller than a stereo file.

The Wave format being addressed here, is the format used when storing full quality
stereo music on a commercial CD. This format is converted from a Wave format to the
CD format.

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(Stereo) Channels, the following may be
applied.

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:
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15

18 Byte Values 255 167 33 0 0 24 24 167 167 Order
Value 1 2 3456789 Filel(odd) 255 33 0 24 167
wo-2008/006EVEN) 167 0 24 167 If both files (FileBCl/Au2m®4/001406
File 2) are then conpressed qgnto one file using a
| ossless 5 algorithmor product |ike WNzZIP, once
again shown at 640, then the resultant file, 650, is
on average 20% snaller, than that achi eved by sinply
appl ying these tools across the wun-nodified inmage
] ST as ggest e WOy gt C@sg S ari fTa
g&ﬁ%?%%ﬁ?tlong gP]dr(%g*]]iS%t%he ;?ze o) th@gg 2gnprggge te7
OrdbeYalube best cage hﬂﬁ beqnla 4396dr)6 in|gize.l8 9

Extracti-onlPeconpr-ession—i-s—siple re—bytes—from
Rilei1(odd) ar e| 283 | n3art 4P bet péen eggh of the bytles in
fte Te [ two Tl ,Ees hﬁ%ﬁ ecen decomr essqgd
Fljfsei%gé?fﬂe Rée’{/anﬁi0 Icsjs4| esis tool. 15| The floreqdi ng
descri bes the i nvention including preferred forns
thereof. Alterations and nodifications as will be
obvious to those skilled in the art are intended to be

If! %eﬁggg% 1F8dlvﬂntthTe bﬂ%ré%ﬂz%%ﬁg%sgggﬁ 853 5nedsiBY a lossless

aléﬁﬁﬂu%lﬁ@ﬁéddb@ hl@@WTN]ZQP @n&la@ﬁn sliowﬂ\ah@t(h debndhe resultant file, 650,
. conpressin ta, fi ri.sin ence of bytes
is 9n ayeragp g 9‘% Sr@fﬁ 5o Ehﬁhi‘F @3’@’3? mp f}? Jefgqls across the
ud-£138i{ed ikl3ge BRE hod i ncluding the steps of 5

retrieving the data file froma secondary storage

device; storing the data file in direct access

no cal culating the fre yenc u .
TORRRLH afr 3 R e onsmadd oF oyge MRV R R pgsice of the
conftesied Bed) gl havide has beAat43opnafopaneredi ng t he
predef i ned | ength; creating an index for the

sub- sequence, the index including a data val ue
Extraction/Decompression is simple, the bytes from File 2, are re-inserted between each

of the bytes in File 1 after the two files have been decompressed using the relevant

lossless tool.

The foregoing describes the invention including preferred forms thereof. Alterations
and modifications as will be obvious to those skilled in the art are intended to be

incorporated within the scope hereof, as defined by the accompanying claims.



10

15

20

25

30

10 representing the cal cul ated frequency of unique

byte values within the sub-sequence; and on the
waeumseemeence havi ng a frequency of uni que bytECTAU2®3/001406

bel ow a predeterm ned thregbold, applying a data

transformation to the sub-sequence to increase the

frequency of uni que byte values in the sub-sequence

@Mﬁdi ng to the index a data 15 val ue representing
ta transformati on; on the sub-sequence having a

frequency of uni que byte val ues above a predefined
threshold, adding to the index a data val ue
1. r epr ésesthod 9f compressing e datadile epmprising asequenod ofifeytes of a length

sl o e S G0 S
| dentétfieding tiadhta BR Rsidiangcdndary selage 8&vidde out put

data file. 2. A method of conpressing a data file as
cl ai wiogingthedaip filq indieeicsessimeemeyp of appl ying a

id ‘;’]‘E Ia S & ﬁﬁg rtlé?éjgg&gf%? of %g}q?# %’y?eegéis&cx%itflﬂlr 4 ? i ?ser%lﬁ%%ey()f the

es arntng rn conpu

data filkuhabul-yequbnderlawafood RAgth ot ebadeadifg tise predidindd 1ahatia
sets having a ,sequence of byte val ues, and identified
by a CF5HASf8y Mder ofer dhe Subseduangenther index ipgludingys dgta value

i : f 9 lyihe .
e e e R o B B YR R, SR, i ub-sequence;
and | ength substantially equal to the length of the
sub-seqyence of the data file; and 30 applyjng a,dat
Cr anO ol ot st aLEnEe BRUGE 14 SeByeHES\ B nLen O RRe NS Below o
pr&iétbrﬁﬂ%&ﬁ&@hol@,aaﬁﬁ%@%‘ a A RePRALLING PUhE sWRbd@EndeNo increase
the retrieved data set. WD 2005/ 039057

thefyroey o nuiguea bste 2dues in fhermubiseguante endrpddisgitmthedndex a data

ata file as clai inclaim?2 wherein the sub-
Vaguee(f rﬁsceél?lP %fl-reo%?&lngea%g%n&]aﬁ Pansf or mati on based on at

| eastonotie 6fb-tdi@efict biiNgth ficqaftfyosMbi@R BReavitds hlsove a
substantially identical to the sub-sequence prior to
prededingd thyeshpldy gddingda thgipdex 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.

2. A method of compressing a data file as claimed 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
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

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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4. A method of conpressing a data file as clained in
claim2 wherein at | east one of the transformation
W@l a10a/03®6% conpri ses a randonly generat ed sequer@T/aU2d04/001406
byte rates. 5. A nethod of gonpressing a data file as
claimed in claim2 wherein at | east one 10 of the

transformati on data sets corrpri ses a predefined

seque ce of byte rates. d of, .co Si n

ot 4 ireiof OF bSmhERG aciout IS AERE A ALY RasR the sub-
seqﬁenw efollb@r‘i’ﬁé QbR QAR ForS HaSedC QAP R 84t orke GYEIhE Cretrieved
of byte values derived froma portion of the data
trafnSfoe;m@tumdataMh it fubskotialie gleaticd tothe sib-sequendei prior ta3he data
¢ nethod of conpressing a data file as clained in
raéﬁEPniS‘ °Thf clains 2 to 6 further conprising the step

of adding to the index the transformation data set
identifier of the data transformation data set
4.appl ikmethod mme@mﬁmg filexsy cdpimad ireelaizal 20¥herein at least one

oS RERERTRR R bhRo, SHOMTES B s o s

cal culating the position of the one or m)re uni que
val ues within the sub-sequence. hod of
5.conpragusithngd of emmngessinge daja éleaasmrmeﬁ i Plalrm—avlwﬁ@n@t Jgast one
! ﬁ“ [ e or
ofttﬂgtrgﬁs?&m%fgoegi tacs% s %}Q&fg{%ﬁ st Lféﬁ%éééf l# fﬁ?éegf
conprises the steps of creating a tenporary p05|ti on

I ndex in co er nor tri VI n succe sive
Sval ued laﬂd? %588%%@% gf ot i GieHg e%%f}’ie‘[‘})ﬁf Eeast one
ofo-ﬁle %?ansfd)%ggéﬂ rah{&gsew 86MBfisek rhesé'qggxt[dggé'teﬁiY@WaﬁJ% alhi®ed $rom a

uni que byt lue or are

p@ﬁ%bf)@@@&tﬁ ﬂie:mhkuﬂw@zthmfmmuem obthedetadtilei on of a
uni que byte val ue, adding one of two bit values to the
tenporary position index otherw se adding the other of

7the tMGndthéd %ﬂhﬁﬁ%résﬁng hedatd BIPLY Abimddosi driyodhd GTEKIms 2 to 6
creating a position index representing the position of

further emeprisingbestemelasdingtovhe index thepmsfumatiap dprspt identifier
of 188 ikt %néfglqﬁéiion%qa set applied to the sub-sequence.

8. A method of compressing a data file as claimed in any one of the preceding
claims further comprising the step of calculating the position of the one or more unique

values within the sub-sequence.

9. A method of compressing a data file as claimed in claim 8 wherein the step of
calculating the position of the 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

unique byte value or a repeated value;
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calculating the data val ue representing the position

of the one or nore unique values at |east partly from
wo b@sps®sti on i ndex. 10. A nmet hod of conpressi Pgr/aUd®Ya01406

file as claimed in claim9 wyerein the nunber 10 of

bytes in the sub-sequence is substantially equal to

the nunber of bits in the tenporary position index.

11. A nethod of ' data.fil cl ai red .i n

cl i ™ ST Py BIGHE R, Voo g oBp S bl vl to the
tehipdeary | fositidf SinBa bihdiFise! 4R1iRS thd6tHee MFOhAT P BRI VIR to the

i ndex. 15 12. A nethod of conpressing a data file as

tegipararp gosiviorimdexine of claims 9 to 11 further

ISl t he .st f. L a permutation index .
o BRI S I AR B S TGS e
vilie fEdih tIRaapHGe) paor’ddedladl ating the data val ue
representing the position of the one or nore unique

val ueetlidatingfthe Arteralysospraseniingritie Rositien pfithe one or more unique
V#is‘%srgeie%gg&cgm}; ﬁgﬁ’ihe é{i‘sitiboh {%@Qod of conpressing a data
iITe as clarned in

arm conprising the step of
concatenating the position index and the permnutation

i ndex to formthe data value 25 representing the
1('bosi t Agpetbd Qheompresse pete ﬁm%@n@’gm glaim 9 Wherein the mumber

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 or claim 10 wherein

the size of the position index is less than the size of the temporary position index.

12, A method of compressing a data file as claimed in any one of claims 9 to 11
further comprising the steps of:

creating a permutation index representing the order of unique byte values
within the sub-sequence; and |

calculating the data value representing the position of the one or more unique

values both from the position index and the permutation index.

13. A method of compressing a data file as claimed in claim 12 comprising the step
of concatenating the position index and the permutation index to form the data value

representing the position of the one or more unique values.



