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MIMULTI-DIMENSIONAL/RUN-LENGTH/ENCODING

FIFFIELD
EmEmbodiments:of thiscdisclosure;rel ateygenerally jto;datascompression jand
secisecurity yMoresspecifically, thetembodimentsirelatestoyagmethodiandisystem forjmulti-

dimdimensional ;run-length :encoding-of :data.

BABACKGROUND

As Asthezsize:of datasincreases the;marketii sdemanding :new sways:tosreduce data

sizeSi zejwhilezal sozsecuringiit.;V ariousimethods:of ;compressi on «save;companies;money by
redireducing thecamount:iof dataystored.;i Thiis cariireduce the;costs:of ihardware-purchases
andandimai ntenance ;tojmaintai n;thisdata. yHowever, ias;data: needs\expand, ;companies
regirequire;access;to;mare;data centersyor:must,;upgrade theithousands;of machinesthey
capcurrently sown.y On toprof rising:costs for datasstorage,;companies areglagued:with the

conconstant;worry;of ;anunauthorized -third-party illegally;gaining.accessitoitheirsecure

concomputer snetworksiwhi ch,can;icostitime, cresources, ;customersiand.ultimately . profits.

SINSUMMARY

MeMethodsiandisystems for imulti-dimensional .run-length.encoding:of :data are
desdescribed.
tecitechnology finsthat :.data; Canibe;compressed itosazsmall er :sizejman;current scompression
tecitechniquesiandal so,provide;enhanced ysecurity sover the:data.s Thetembodiments
desdescribed shereinycan:qal soycompressdatag f asterithansexi stingscompression ftechniques
neah€ar the;same datacompression ratio. (i.e., theratiosbetweenan:.uncompressed ;datazsize
andandacompressed ;dataesiz€) 1« Thetembodi ments;described sherein, canyachievesthese
benbenefits:evehwhenzlargerssetsof datap(e.g., ;petabytelorylarger:sized:data) aré;to be
concompressed.sAlso, theiembodiments;described qherein; can:beappliedstosall;forms of
dat«data:files:(e.g.,-document, ipicture, cdirectory, =live/storediaudio,zlive/stored video,:user

i
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togil oginscredential s,isystemicommands,. etc.) .t Thus, thetembodi mentsidescribedsherein:can
redireducerdatarstoragerrequirements forrstoringzdataiand: can-providetfasterscompression
tinutimestthansexi stingscompressi onitechniques.

In sInrsometembodi ments, sdata Candbescompressed:using thetmethodsiandisystems

5 desdescribedihereinsintosaformatiwith@l-90% dataxcompression.ratioortbetter iaThat is,

the thesdata caniundergomulti-dimensional -run-length:encodingiand theresulting:dataiwill

taketake up,ratiamaximum,*10%:of therstorage:spaceithat thezoriginal :datasrequires.
TheThetembodi ments:described:herein: can-providercompress omof :azdataisetiusing

oneonelorimore of run-length:encoding,:dataideduplication,iand:datastransformation.

10 TheThetembodi ments:describediherein. can:al soisecure thexcompressed:data by
plotplotting thesxcompressed:datazal ong:atraversal ipathiwithinia:virtual imulti-dimensional
shajshapewhereby theitraversalipathtand the:virtual imulti-dimensional jshape arésuniquely
tiedti editozaiparti cul arradmissionrkey.

T Thus, thetembodi mentsidescribed:<herein:can-providezaisecure:datastorageiand

15 concompressionesolutiontthatiaddsisecurity. ishrinksfile-sizes,iand. caniscal elwith:user
regirequirements.

In cIn:onetembodiment,xaimethod for imulti-dimensional -run-length:encodingsof an
unpunprocessed:data fil eisprovided.ie Theimethodti ncl udes:obtai ningsanzadmissionrkeytand
detedetermining:astraversal ipathiwithiniaviitual imulti-dimensi onal jshapeibasedibn the

26 adnadmissionrkey i Thetmethod:al soli ncludesitiansformingsunprocessed:dataiof the
unpunprocessed:data fil e:intolaipl urality :of icompressed:dataisegments.sAlso, thetmethod
inclincludesiplotting thesplurality:zof :compressed:data;segmentsontolaipl ural ity iof :data
poipointsial ong thestraversal ipath:to:obtai ntaspl urality;of isecured:dataisegments.r Further,
the theimethodiincludesigenetically isorting thesplurality:of isecured:data;segmentsito:obtain

[
L

a plaiplurality:of genericallytsorted:data;segments,jand -writing thesplurality:of .generically
sortsortedsdataisegmentsi ntoraprocessed:data file.

In almvanothertembodiment xaimethod fortrestoringzacdata fil eithat. hasbeen
proprocessedrusingimulti-dimensi onal:run-length-encoding:i sprovided..e Thetmethod

2
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melincludes:obtai ningzahyadmi ssionskeyiandcreadinglaiplurality :of generically tsorted:data
segisegmentsithatiformsraprocessed :data fill€ze T hetmethod:al solincludessdetermining a
travitraversal Ipathwithiniavirtual Imulti-dinoiensional jshape:basedion thesadmission-key.
AlsAlso, thetmethodlincludesiplotting thesplurality :of generically tsorted:dataisegments«onto
a plaiplurality jof :dataspointsialong theitraversal ipathto:obtai nlaipl urality of compressed
dat:dataisegments.r Further, theimethod}includessreassembling thesplurality :of compressed
dat:dataisegmentsci ntoyunprocessed:data, iand writing thexunprocessed:datavinto thesdatafile.

I yIn yetranothertembodiment,iamulti-dimensional -run-length:encodingisystem is
proprovided.ie Thetsystemiincludeszasuser:interfacetandiaimul ti-dimensional .run-length
encencodingzenginei< The:user:interfacesrecei veszaniadmissionskey:fromsausér .. Thelmulti-
dimdimensional .run-length:encodingzenginetincludes:aiverificationunit, :ajshapeigeneration
umiunit,bagshapetraversal wunit,s&cdataipl ottingiandstransformation unit,{and:a:datasreading
andand:writingiunit.ic Theiverificationjunitiverifies thexadmission-key..e Thejshapergeneration
unitunitdetermineszavirtual Imulti-dimensional yshaperequationithat:isiuniqueito the
adnradmissionrkey teThejshapeitraversal unitedetermines:atraversal Ipathiwithiniavirtual
muimulti-dimensional yshapeidefinediby thervirtual Imulti-dimensional jshapetequationiand
thatthattisiuniqueito theradmissionskey i< Thesdataipl ottingiandstransformation tunit
trantransforms:unprocessed :dataci ntolaupl ural ity zof :compressed:dataisegmentstandipl ots
eacleach’of thesplurality :of icompressed:datassegments<onto:za:separates:dataspoi ntcamong a
phuplurality -of :dataspointsialong thestraversalipath’toiformiasplurality sof isecured:data
segsegments.e The:datacreadingtand writing unitigenerically tsorts thesplurality :of isecured
dat:datassegmentsitorformlaspl urality :of .generically tsorted:dataisegmentstand writes the
phuplurality :of .generically tsorted:dataisegmentsiintoraprocessed:data fil e.

In yIn yetyanothertembodiment, :aimulti -dimensional .run-length .encoding tsystem is
proprovided.ie Thetsystemiincl udessasuser:zinterfacetandiaimul ti-dimensional run-length
encencodingzengineic The:user:interfacesrecel vessanradmissionzkeyfromsausér.e Thelmulti—
dimdimensional :run-length:encodingzenginetincludeszaiverificationunit,:ajshapergeneration

untunit,tagshapestraversal iunit,zasdataipl ottingtandstransformation iunit,{and:a:datacreading

taa
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andand:writingiunit.ieTheiverification iunitiverifies thexadmissionrkey.ie Thejshapergeneration
wmiunitedeterminesiavirtual imulti-dimensional jshapetequationithatti ssuniquelto the
adnadmissionrkey 1 Thejshapestraversal iunitsdetermines:aitraversal ipathiwithinigvirtual
nimulti-dimensional yshapeidefinediby thetvirtual Imulti-dimensional jshapeseguationtand
thatthatiiscuniqueito thexadmissionrkey .ieThe:datacreadingiand writingiunitaeadsiaplurality
of gof .generically {sorted:datagsegmentsifrom:asprocessed :data: fil et Thesdataipl ottingiand
trantransformation iunit fplotsieachtiof thesplurality :0f generically {sorted:dataisegments«onto a
sepiseparate:dataspointcamongiapl urality :of :dataspointsialong thestraversal path:to:obtain a
phuplurality :of icompressed:data;segments,iandsreassembl es thesplurality zof compressed
datedataisegmentsito:obtai naunprocessed datatthatif ormstan:unprocessed :data file.

DRDRAWINGS

Fig FigiLillustratesraimulti-dimensi:onal .run-length:encoding isystem}100:according

to cto:onetembodiment.

Fig Figdi2illustratessafl owichartaof samethod forimulti-dimensional -run-length
encencoding:of ansunprocessed:data fil eusiing thetsystem,accordingsto:onetembodi ment.

Fig Figlilillustratesaflow:chartiof iamethod fortrestoringtan:unprocessed:data file
thatthat: hassbeenprocessed:using imulti-dimensional -run-lengthencodingtusing thetsystem
100100,saccordingsto:onetembodiment.

Fig Fig.ildsillustratesta:cuboi drusingiavirtual Imulti-dimensional jshapetequation,
accaccordingsto:onetembodiment.

FigFigs. SAllustrates:atraversal Ipath iwithcaspoi ntithatiextends outiof &virtual
nimulti-dimensional yshape,saccording:to:onetembodi ment.

FigFigs. 5Bullustrates:attraversal ipath iwithiniavirtual Imulti-dimensional jshape,
acciaccordingito:onetembodiment.

Fig Fig.c6:schematically xdepi ctszantarchitecturezof :aicomputing-deviceland
concomputing isystemioptional ly sused:in:connection iwithzcomputer-implemented {systems

andandimethods:describediinsthis:document
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DEDF.TATTFDDESCRIPTION

TheThelfoll owing:description:describesimethodstandisystems forimulti-dimensional

ruprun-length:encodingiof :data.

TheThetembodi ments:describediherein: can-provide:benefits:over «exi stingicomputer
tecttechnol ogy lintthat:data Cancbexcompressed: beyond:current:compressi onttechniquestand
alscal sorprovidetenhancedisecurity:over the:data.c Thetembodi ments:described:hereinican
alscal sorcompreéss:datat fastersthansexi stingricompressionitechniquesinéar thessarne:data
concompression.ratio.i Thetembodi ments«described:<herei n:can:al solscal elwith:l argerssets of
dat:datas(e.g.,spetabyteor;larger:sized:data)is Al so, thetembodi mentsidescribed:herein.can
bre :heyapplieditoialliformsiof :data:files:(e.g.,:document, ipicture,zdirectory :live/storediaudio,
lrvelive/storedivideo,suser il oginccredentia syisystemicommands,. etc.) s Thus, the
entembodi ments:described:herein:carireduce:datarstoragerequirements fortstoring:dataiand
cancan-providetfasterrcompressi on.timesithansexi stingscompress onttechniques.

In slnisometembodiments, :data Cancbexcompressed:using thetmethodstandtsystems
desdescribed:hereinsintozaf ormatiwith@e-90% :datazcompression.ratio:or tbettersaThat is,
the thexdata caniundergoimulti-dimensional .run-length:encodingtand therresulting:dataiwill
taketake up,ratiazmaximum,10%of therstoragesspaceithat thezoriginal :datasrequires.

TheThetembodi ments:described:hereinican-providescompression;of :&dataisettusing
eneonelorimore of run-length:encoding, :datatdeduplication,iand:datastransformation.

MuMulti-dimensional .run-length:encoding, Jasidefined:herein,zrefers:tosxcompressing
dat:datausing:one:or imorerof run-length:encoding, :dataideduplication,iand:data
trastransformation.

RutRun-length:encoding,jasidefined<herein,:refersstoxasf orm.of |l ossy:orslossl esscdata
cerrcompressi onaniwhi chssequencesof :identical :data arerstoredia&axdatasval uetthat. has a
storstorage=sizessmall erithan therstorage:sizexof iagsingle:occurrenceiof thexsequence of
idezidentical :data.
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DatDataldeduplication,asidefined:herein,crefersitozacf orm:of :compressionziniwhich
secesecond.or:later:occurrencéssof :gisequence.of ;i denti cal :datasi sirepl aced lwith:&reference
pohpointer tthat ;poi ntsitoyasl ocationlof the:datasval ugirepresenting theisequenceof i dentical
datedata. slncsometembodiments, thesreferencespointer: Cancbercoordinates:of :asdataspoint
alcial ongzatraversalipathswhererasdatasval uei sl ocated.

DatDatastransformation,‘asidefinedtherein zrefersitoraform:of transformation in
whiwhi chiaimathemati cal:operati onyi s operated«on:datastostransform the:data.

TheThetembodi ments:described:herein: can:al soisecuire thexcompressed:data by
plotplotting thexcompressed:datazal ong:atraversal ipathiwithinigvirtual imulti-dimensional
shajshapewhereby thetraversalipathiand the:virtual imulti-dimensional jshape areuniquely
tiedti echtozanparti cul ar sadmissiornykey.

A dAdatastransformati oniasidefined<herein:refersitoraimathemati cal :operation
appapplied:on:a:datasettthaticonverts the:dat a;setsintoi&differentzdata set.

ProProcessed:data, asidefinedihereinarefersto:datatthat. hasjundergoneimulti-
dumdimensional .run-length:encodingZas:describedjin thetembodi ments-provided:herein.
SumSimilarly qaprocessed: file;or-processed:data.fil e, Jasidefined:herein,zrefersitosacdata file
thatthat: hasiundergonexdimensional Imulti-nin-length :encodingiasidescribediin the
entembodi mentsprovided:herein.

UgUnprocessed:data,jasidefined:herein:refers,jtosdatatthatiis not:processediusing
mulmulti-dimensional -run-length:encodingias:describediin thelembodiments-provided
hertherein.mSimilarly qanunprocessed: filexonunprocessed:datafil e, Jasidefined<herein,:refers
to ato:acdata fil efthatii s notsprocessed:usingimulti-dimensional .run-length:encoding as
desdescribedlin thelembodiments-provided:herein.

A vA virtua Imulti-dimensional jshape, jasidefined:herein,:refersito;ajshapeidefined
brv doy:onezorimoretmathemati cal requati onstmat: cantbeusedzinimulti-dimensional -run-
lengength:encoding for:providingcaiboundary for:atraversal {pathzal ongiwhich:compressed

datedataland/or:referencespointer(s) are:ocated.

£
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GerGenetically tsortingsdatasorisorting:datasincagenericeformat,Jasidefinedherein,
referefersitotsorting:datasinyarformat ithatri ssi rrespectivelof thexrcontentiof therdataland/or the
seqgisequencelof the:dataswhensunprocessed. slnisometembodiments,:genetically isorting:data
canCanlincludetsorting:data:based:oncascoordinate tsystemsused foriplottingicompressed :data
outiontowatraversal path. t1nsthesetembodiments, theigenerically tsortingzdata caniinclude
sortsortingzdataiin, foriexample, zantascending:coordinateiorder,a:descendingrcoordinate
orciorder,. etc.

ThiThus, thetembodi ments:described sherein:can-provide:aisecure:datarstoragetand
concompressionesol utiontthatiaddsisecurity. ishrinks.file-sizes, {and: caniscal ejwith:user
regirequirements.

Fig Fig{iXdllustratesiaimulti-dimensi.onal -run-length:encoding system) 100saccording
to gto:onetembodiment.ieThelmulti-dimensional -run-length:encoding isystem}100sallows
dat:datai(hereinafter :referreditosasunprocessed :data) stolundergo Imulti-dimensional .run-
lenglength:encoding ithatxcompressesiandisecures thexunprocessed :datas(hereinafter :referred
to ato.as(processed :data) .« Thelmulti-dimen:sional .run-length:encoding tsystem} 100lincludes
a wayuser:interfacet 105iandiaimulti-dimensional .run-length:encodingrengine}110.The
mulmulti-dimensional :run-lengthencoding isystem3 100: Cancbesconnecteditozacdatassource
140140toretrievexunprocessed :data for:multi-dimensional -run-length:encoding,iand:¢an be
conconnecteditosazdatarstorages 145 forrstoning«processed sdatastransformed iby imulti-
dimdimensional .run-length:encoding.

TheThesuser:interface’ 105:isiconnet tedito theimulti-dimensional -run-length
encencoding:engine} 110. ThesuSer:interfaces 105al l owssasusertorprovidezahradmission-key
{e.g(e.g.,;password) tand»allowssa:user toimodify :operation-settingsiof theimulti-dimensional
ruirrun-length sencoding:engine}110.<Thesuser:interfaces 105 can:al soyal lowsasuserto-provide
unpunprocessed sdataito theisystem100..sExamplesiiof thewuser:interfaces 105:cantinclude,
but but are not:limited:to,»atouchescreen,<arkey ipad, cavoi cexcommandrecognition tsystem, a

fingfingerprintirecognition fsystem,-any sother ity pe-of tbiometricsrecognition isystem, . etc.

-
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TheTheimulti-dimensional +run-lenglth-encoding;engine} 110lincludestaiverification
wmiunit? 112 hayshapergeneration units 115 haishapetraversal funit} 120,sa:dataipl ottingtand
trantransformation junit’ 125{and:a&datasreading iwriting tunit} 130.

TheThewverification unit? 112:isconnected ito thewuser :interface’ 105, thejshape
gengenerationiunits 115tand thejshapestraversal unit} 120 Theiverification junit? T12¢receives
an zahyadmission-keyifrom thewuser:interface’ 105.eTheiverification junit? 112¢determines
whiwhether theradmissionrkey:iscrecognized landsendstinstructionsito thejshapetgeneration
umtunits 115iand theyshapestraversal wunit}120tthat: cantvary sbased:oniwhether theradmission
kevkeyd sirecognized:or not¢«recognized.

TheThejshapergeneration unit} 115:isyconnectedito theiverification wunit? 112, the
shajshapeitraversal iunit3120, the:dataipl ottingianditransformation funiti 125{and thexdata
reacreadingiand:writing iunit}130.< Theshapeigeneration unitt 115 can:al socberconnected to
the the:datarstorages 145.

WhWhen theradmissionrkeyti s notirecognized tby theiverification unit? 112, thejshape
gengenerationiunits 15igeneratesiavirtual imulti-dimensional jshapeiequationtand:any
scalscal erscassociated iwith thetvirtual imultii-dimensional jshapetequationtthat:isitiedito the
adnadmission’key 1 Thejshapergeneration iunit: kx5¢sends thergenerated:virtual Imulti-
dimdimensional jshapeiequation:(withranyiscalers) ito thejshapestraversal iunit} 120tand/or to
the thesdatarstorage 145 forrstorage.

WhWhen theradmissionskey < sirecojjmizediby theiverification iunit: 112, theshape
gentgenerationiuniti 115:obtainsrapreviously rgenerated:virtual imulti-dimensional jshape
equequation j(with-any iscal ers) ithatzi siuniquely associated iwith thexadmission-key. sinisome
emtembodiments, thespreviously igenerated:virtual imulti-dimensional jshapetequation i(with
anryany Iscal ers):Cancbesobtai nedifrom the:datarstorages 145.

TheThejshapetraversal iunit} 1204 sicconnected ito theiverification funit? 112, thejshape
genrgenerationiunit: 115, thezdataiplottingianditransformation tuniti 125§and thesdatasreading
andand:writing unit}130.e Theyshapestraversal tunit} 120 can:al socbesconnected ito therdata
storstoraget 145.
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WhWhen thesradmissionkeyiis notsrecognized iby theiverification tunit? 1:12, the;shape
travtraversal wnit}120aeceives theigenerated:virtual Imulti-dimensional jshapeiequation i(with
anvanyliscalers)tfrom thejshapeigeneration wunitt T15forifrom thesdatasstorages 145.6 Theshape
travtraversal nit}120:uses thexgenerated:virtual Imulti-dimensional jshapetequation ((with-any
scalscalers)stoigeneratesaitraversal ipathithatsisiuniquely cassociated ito theradmission-key.
TheThejshapedtraversal iunit}120ican:send thexgenerated traversal ipathito the:datarstorage
145145 fortstorage.

WhWhen thexadmissionskey i srecojmizediby thewverification tunit2 112, thejshape
travtraversal iunit}120:0btainstarpreviously :generated:traversal ipathithattissuniquely
asstassociated iwith thesadmission:key. sl nisometembodiments, the'previously :generated
travtraversal ipath:¢ancbe:obtained:from thezdatarstoraget 145.

TheThe:dataipl ottingiand:transformation tunitt 125« sconnected ito the:usef :interface
105105, theyshapeigenerationiunit’ 115: thejshapestraversal junit}120tand the:datarreadingiand
wriwriting unit}130.. The:dataipl otting tanditransformation funit: 125 can:al socbesconnected
to tito the:datarsource} 140..e The:dataipl ottinglanditransf ormation funits 125¢receives the
virtvirtual Imulti-dimensional yshaperequation i(with-any iscal ers)ifrom thejshapergeneration
urtunit’s k1siandsreceives thetraversal ipathifrom thejshapestraversal funit} 120.

WhWhentanyunprocessed :data: fil exi stojundergo imulti-dimensional .run-length
encencoding, thexdataplottingiandstransformation units 125:0btains thexunprocessed :data file
{e.g(e.g.,ifrom thewuser:interface’ 105, the:data:source} 140,. etc.)iandicompresses the
unpunprocessed :dataiin thexunprocessed :data filecusing:onerorimorerof run-length :encoding,
dat:dataldeduplication, fand:datastransformaitiomto:obtai nscompressed sdata fil eisegments.
TheTherdataipl otting iand:transformation unit: 125ithenisecures theitcompressed :data
segisegmentsibyrusing theivirtual imulti-dimensional jshaperequation i(withranyiscal ers)iand
the thestraversal ipath:toiplot thexcompressed :dataisegmentstalong thestraversal ipath:iof the
virtvirtual Imulti-dimensional jshapeidefinedtby the:virtual Imulti-dimensional jshape:equation

to cto:obtai nisecured:dataisegments.
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WhWhen:aprocessed: fil exi sitotbetrestored itocitszoriginal tform:(e.g.,;anunprocessed
datzdatafile), the:dataipl otting tand:transfonnation funit: 125:uses thetvirtual imulti-
dundimensional jshapesequation i(with-anyiscalers)iand thestraversal Ipathuniquely
assassociated ito theradmissionskeysiniorder itozarrangergenerically tsorted:dataasegmentsithat
forrform theprocessed: filelin theiproper’orderto:obtain thexcompressed :datgisegments.
ThaThattis, thesprocessed: filelincludes the:processed :datasarrangediin:axgenericiformatz(e.g.,
asccascendingxcoordinatelorder sdescendingcoordinateiorder,. etc.)iand the:dataipl ottingiand
traptransformation junit’ 125zarranges thexgenerically isorted:data;segments.based ton the
virtvirtual Imulti-dimensional jshapetequation ((withranyiscalers)iand thestraversalipath to
obtiobtain thesxcompressed :datazsegments.

TheThe:dataipl ottingiand;transformation funits 125sthen:decompressestand
reasreassembles thexcompressed :data;segmentsithat -havelundergone:onesor:moresof run-
lengength:encoding, zdataideduplication, iand:datastransformation sto:obtai n:unprocessed
datedatae T he:dataipl ottingiand:transformation funit: 125ithentformstan;unprocessed sdata: file
usiusing thesunprocessed :data.ic Thexunprocessed :data fil e canithengberprovided ito the:user.

TheThesdatacreadingiand writing 1unit} 130+ scconnected;tojshapeigenerationunit 115,
the thejshapestraversal wunity120,iand the:dataiplotting tunits 125.e Thezdatasreadingiand
wriwritingiunit}130:can:al socbexconnected ito the:datarstorage’ 145.

WhWhenwanunprocessed «data filedi stolundergoimulti-dimensional -run-length
encencoding, the:datacreadingiand:writing funit}130:0btains theisecured:datazsegmentsifrom
the the:dataipl ottingiand:transformation unit’ 125,tsorts theisecured:datazsegments:into a
gengenericiformatz(e.g., ascendingscoordinateiorder,«descendingscoordinateiorder, . etc.) to
obt:obtainigenerically tsorted:data;segments, and:then:writes theigenerically tsorted:data
segisegmentsitola filexto:obtain thexprocessed :data fil e.x For:.exampl e, z:evenithough the
travtraversal ipathr-startsiat 1(0,00£0):then:goes toi( 1£0 30)tandsthen (0,1 1,10), thesdatasreading
andand:writingunit} 130icanigenerically tsort thexsecured:datasin <ascending sorderiand:start at
{0, 1(0,30,/0)1then (0,)1a0)ianditheni(1,0, 0).

i@
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TheTherdatacreadingiand writing tunit} 130 cansthen-provide the«processed:data file
to, o, forcexample, thesuser:interfaces 105iand/or thesdatarstorage: 145 foristorage.

WhWheniaprocessed: fil ed sitosbetrestored ttocitssoriginal iforms(e.g. ,xanunprocessed
datedatafile), the:datacreadingiand:writing unit}130:0btains thesprocessed:data filex(e.q.,
frorfrom the:user:interface’ 105, the:datazstoraget 145, etc.),creads theigenerically isorted:data
frorfrom theprocessed data: file,Yand-provides theigenerically tsorted:dataito thesdataipl otting
andanditransformation funit 125.

A nAimethod for:providing imulti-dimensional -run-length:encodingz:of an
unpunprocessed :data: fil eli scdi scussed <bel ow iwithgrespect -to:Fig. :2.nA tmethod fortrestoring
a prajprocessed :data fil &li sdi scussed <bel ow lwithsrespect-to Fig. 3

Fig Fig.i2idllustrates @flow:chartiof i@method)200 forimulti-dimensional -run-length
encencodingiof anunprocessed :data fil erusiing theisystem} 100;to:obtai nrasprocessed :data
file filesaccordingto:onetembodi ment.

TheThetmethod 1200:beginsiaty205:whereby thejuser:interfaces 105iwaitsitotreceive
an ;aadmission-keyfromsauséric Theradmissionkey:Can:ber any typesof ipassword,
bicibiometriciauthentication, .etc.suseditolauthenticate the;us&riWhen thesuSer:interfaces 105
recsreceives:ahiadmissionrkey, thejuser:interfacet 105relays theradmissionskeyito the
ververification iunit! 112{and thetmethod)200+«proceeds?t03210.

At IAD210, theiverification unit t12¢determinesswhether theradmissionrkey is
recerecogni zed. 11l f thesadmissionrzkey i sarecognized, thetmethod}200«proceeds?toi215iand
2260220. sInrssometembodiments, thetmethod 3200: can:proceed *toi 215 and220:concurrently.
I dIf thesadmission-keyiis notcrecognized, thetmethod}200«proceeds?t03225.

At [Ati215: thejshapergenerationiuni t 115:0btai nstapreviously igenerated virtual
nmimulti-dimensional jshapereguation:(withsanyiscal ers)ithati siuniquely tassociated jwith the
adiradmissionskey. sinissometembodiments, thepreviously igenerated:virtual Imulti-
dimdimensional jshape:equation i(with-any iscal ers): cancbe:obtainedifrom thesdatarstorage
145145.

i1
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At /A1220, thejshapeitraversal iunit} 120:0btai nsrarpreviously igenerated itraversal ipath
thatthatti ssuniquely cassociated iwith theradmission’key. sintssomelembodiments, the
preprevioudy igenerated:traversal ipath: Cancbe:obtai ned:from thesdatarstorages 145.::0nce
botlboth thepreviously igenerated imulti-dimensional :run-length:encoding:equation i(with
anryany Iscalers)iand thepreviously igenerated straversal ipath are:obtained, theimethodi200
thesthenproceeds:t03235.

At IA1225, theyshapergenerationiuni tt 115igeneratescasnew’virtual imulti-dimensional
shajshapetequationiand-any Iscal erstassociated iwith thervirtual Imulti-dimensional jshape
equequationtthat iwill tbeitiedito theradmission-key. sInisometembodi ments, casnew:virtual
nmimulti-dimensional yshaperequation, fincluding-any iscalers,iCangbeigenerated foreasnew
useiuser randomly. slngsometembodi ments, eanew :virtual Imulti-dimensional jshapeiequation
can Cangbeigenerated foreasnew user ;pseudo-irandomly, fincluding-any iscal ers,:isuchtthat the
newnew:virtual Imulti-dimensional yshapetequation:isibased 6n, for.example,zinformation
proprovided tby theuser i Thegshapergeneration tunits 115¢sends thesnewlyigenerated:virtual
nmimulti-dimensional yshapetequationii(with-anyiscalers) ito thejshapestraversal junit3120
andand/or lto the:datagstorages 145 foristorage.ie Thetmethod }200:then proceeds?to3;230.

At {A1230, thejshapeitraversal wunity 120ereceives thesnewlyigenerated:virtual Imulti-
dimdimensional jshapeiequation i(withranyiscalers) ifrom theyshapetgenerationiunit? 115 or
frotfrom the:datarstorage’ 145.£ Theyshapestraversal iunit}120ithen:uses thesnewlyigenerated
virtvirtual Imulti-dimensional jshapetequation i(with-anyiscalers)stoigenerate:aitraversal ipath
thatthatti siuniquely cassociated ito theradmissionskey.ie Thejshapeitraversal 1unit} 120: Canithen
semsend thergeneratedtraversal ipathito thezdatarstorages 145 forrstorage.ie Thetmethod 3200
theithenproceeds?t03235.

A vA virtual Imulti-dimensional ;shapaequation:can:beranytype:of :mathematical
equequationtthat idefinesiavirtual Imulti-dimensional jshapeseThesvirtual Imulti-dimensional
shajshapesequation: Cantbebased :onrany ¢ype:of coordinate tsystemlincluding,: but. not limited
to, 10, Cartesian:coordinate isystem, <aipol ar rcoordinate tsystem,z&spherical xcoordinate

sysisystem,. etc.
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ForForrexample, xin:onetembodiment, the:virtual imulti-dimensional ijshaperequation

for forzaiparticular radmission ‘key:€an be:

D<A+ By + O
wlkwherelA (B yClandiD arelscalers:of theiequation. tlnithistexample, thetvirtual imulti-
dimdimensional jshapeiequation tisidefined ivising:a Cartesian :coordinate tsystem iand
repirepresents rarcuboid. g Fig.lidiillustrates tavcuboid 3400tusing thervirtual imulti-dimensional
shajshapetequation xabove. e Thetvirtual Imulti-dimensiona  jshapeiequation :createstatboundary
for for theitraversal Ipath;tosstay lwithin.

TheThestraversal Ipathi¢antberany ipathway lwithin thefvirtual imulti-dimensional
shajshapeiequation. i Theshapeitraversal iunit}120:can«aandomly igenerate thedtraversal ipath
witlwithin thetfvirtual imulti-dimensional ;shapeidefined tby thervirtual Imulti-dimensional
shajshapetequation. icEachspoint salong theitraversal ipath irrepresents casposition :of :data.s By
assassociating :dataiwith:ieach ipoint salong titlestraversal ipath, thetsystem #100:can:determine
wlkwherezdatac s:located iwhen ‘retrieving ra:data: file.

In sInisometembodiments, - theyshapeigeneration funits 115iand thejshapeitraversal unit
128120 cantswitch sbetween Edifferent itypes:of -coordinate tsystems for:referring itosspecific
poupointsialong thesitraversal path.

FigFig. SA:llustrates iastraversal ipaith¥500iwith :dataipoints505iwithrespect ito the
cubcuboid 400yshown:in; Fig. 4. tlinsthistemlx)diment, thestraversal ipath ¥500;beginsiat:data
poaipoint3505a14(0,)0,/0)..(i.e., thercenter ;point iof thexcuboid 3400rshown-in:Fig.a4)tand
expexpands: outtfrom;thisipoint ithrough theivirtual Imulti-dimensional jshape.icEach «data
poipoint35055along thetraversal Ipath 1500srepresents caposition for:data; :Asrshown=in Fig.
SA,BA :dataipoint 3505nyisioutsidetof thetvirtual Imulti-dimensional jshapesequation «(and
theitherefore thescuboid 3400).:<Accordingly, sasrshown-in.Fig., 5B, thetsystem }100:rel ocates
the the:dataspoint3505n-of theitraversal ipath ¥500isuchithatsitsisiwithin thesboundary idefined
by tby thetvirtual Imulti-dimensional yshapeiequation. s Discussion -of iplotting :dataito a

travtraversal Ipath, :isuchlas thestraversal ipath500,is'provided ¢below.

)
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At A1235, thesdataipl otting tand:transformation iunit: 125stransformsiandiplots the
unpunprocessed :data file.a Transforming the:datalincludes the:dataiplotting fand
trantransformation units 125s0btaining thexunprocessed :data: filex(e.g.,ifrom thesuser :interface
105105, the:datarsource}140,. etc.) iandicompressing {and isegmenting thesunprocessed :data in
the thexunprocessed :data: filerusing:onesor:more:of run-length :encoding, :datatdeduplication,
andand:datastransformation “torformicompressed :datazsegments.

In cInzonetembodiment, xunprocessed :data:i scompressed tand ;segmented :using:run-
lenglength:encoding, :dataideduplication, iand:datastransformation. i Theseltechniques are
discdiscussed finzdetail <below. rin-run-length :encoding, the:datatplottingianditransformation
untunits 125:findspsequencesiof iidentical sunprocessed :data.ie Theisequencesiof ;i dentical
unpunprocessed :data arelreplaced withzasdataival uetthat. has:arstorage:sizessmaller ithan the
storstorage:sizexof ;acsingleroccurrencé:of theisequence:of :identical xunprocessed :data.

ForForiexample, tif theiunprocessed dataii smadewp:of hits[101 101 101:1101:1101
11011011111011:110101 101 101001000100010], +run-length:encoding: canzidentify
segisequencesiwithin the:dataland:create:dataisegments forrstorage.:cAccordingly, din the
aboaboveiexample, :run-length :encodingican:create.run-length :encoded :datazsegments [3-
101101],i[3-1101],1[2-12110],}[3-101],([3-COIO]:from thexunprocessed :datatthatiCanibeiused
for forrstorage.

TheThe-run-length :encoded :datali sthentfurther iccompressed rusing:data
deddeduplication. ¢ln:dataldeduplication, the:dataiplottingiand:transformation funit:125
repireplaces «second:or:later:occurrences:of :gisequencesof :identical :dataiwith:&reference
poipointer (thatpointsito thed ocation:of the:data:val uesrepresenting thepsegquence of
ideridentical :data. sl nesometembodiments, - the:referencepointer  Canibercoordinatesof :acdata
potpointialong:aitraversal ipath ewheresa:datazval ueci sl ocated.ic The:referencespointer - has a
starstoragezsizessmallerithan therstorage:zsizelof the:dataival ueirepresenting :gisequence of
1detidentical yunprocessed :data.

UstUsing therexamplerabove, the:run-length :encoded :datazsegmentsi[3-101], [3-
1101101],3[2-111,10],}[ 3-101]: Cantbetfurther rcompressed sto:obtai n:datatdeduplicated

14
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segisegmentsi[3-101],1[3-1 101],1[2-1:2110] [ [A],{[3-0010] ,swheresA:isé&referenceipointer
potipointing ito the:dataspointialong thetraversal ipath:where theffirsticompressed :data
segsegment [ 3-101]<isd ocated.

TheThen, thesdataideduplicated :dataii S furtherscompressed:using:data
trantransformation. ¢In:datastransformation, thesdataiplottingianditransformation iunit 125
idesi dentifiespsequencés;of iunprocessed :datasthat: Cantbestransformeditozan:zal ready sidentified
seqsequence:of [ denticalxunprocessed :dataiusi ngiaimathemati cal :operation.is These
1detidentified isequences:of unprocessed :data: canithenibelrepl aced iwith:&referencespointer
to tito thesalready 1i dentifi edpsequence.of ridenti cal sunprocessed :datalwith:an:operation
wmdiindicatoriof theitype:of mathematical :operation wused:to:obtain thegoriginal jsequence of
unpunprocessed :data.e Thetmathemati cal :operation: canlinclude, butiis not:limited:to, an
v nverse:operation,xaimultiplication:operation, taidivisign:operation, ;ahiaddition
opeoperation, & subtraction:operation, tan:exponential :operation, . etc.

In tIn thesabovesillustrated::exampl esxassumingtthat thesd nverselof thezdataisegment
{00 [00 10]ti ssdatansegment {[ 1101] «datastransformation: Cantfurtherscompréss the:data
deddeduplicated :datazsegmentsi[ 3-101],1[3-1101],{[2-11110],*[A*],£[3-0010] :tosobtain
trastransformed :dataisegmentsi[3-101],1[3-1 101] ,1[2-11110] ¥[A*],[B He:Here, A*iisa
refereferencespointer ;pointing ito the: ocatio nial ong theitraversal ipathof theifirsticompressed
datzdataisegment I[3-101].sAlso, Budiindicates:&referencespointer spointing ito theslocation
aloralong theitraversal ipath:iof the<secondicompressed:dataisegmenti[3-1 101]iandiindicates
periperforaiirigiandnverse:operation ion thecsecondicompressed :dataisegment i[3-1 101] to
obtobtain{[3-0010]. slnisometembodiments, thestransformed:data;segments:become the
concompressed idatassegmentstthat: canithengbetpl otted ontosatraversal ipath.

PioPlotting thesdatalincludes the:daitaipl ottingiandstransformation junit: 125isecuring
the thexcompressed:datazsegmentsibyiusing thesvirtual Imulti-dimensional yshapetequation
{wi(withranyiscalers)iand theitraversal ipathstoiplot thexcompressed :datazsegmentstalong the
travtraversal Ipath-of thetvirtual imulti-dimensional jshapeidefinediby thesvirtual imulti-

dumndimensi onal ;shapesequati on:to:obtai nisecured :dataysegments.
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TheThe:dataipl ottingiand:transformation funit; 125iplots therxcompressed:data
segisegmentsy(havingiundergone:onecor imoireof -run-length:encoding, :dataideduplication,
andand:datastransformation) :onto theitraversal tpath iuniquely sassociated iwith theradmission
kevkeyito:obtai nisecured:datazsegments. ¢1 p:onetembodi ment,: the:dataipl ottingtand
traptransformation funiti 125:proceeds:through thexunprocessed :data: fil etinzasspecified order
andandsequentially ipl otsieach :sequenceé:of iunprocessed :data,:ref erencespointer,iandieach
refereferencespointer iwith<an:operationiidentifieritoza:dataspointtal ong thestraversal ipath.

Ta sInisometembodi ments, imultipletinstancesiof thesdataiplottingland:transformation
untiunits 125; canscompresstandisegment thexunprocessed :dataiandipl ot thexcompressed:data
segisegmentslat thessamestimestotincrease thesspeedsinswhich thesunprocessed :data file
unidundergoesimulti-dimensional -run-length:encoding.

Ia sInisometembodiments, theitraversal ipathsmaylincluderextrazdataspointsiat theiend
of tlof thetraversal Ipathtthat are notsused. tl asthesetinstances, the:dataiplottingtand
traptransformation juniti 125:ingcombinationwith the:datacreadingiand:writingfunit}230:can
remremove therextrazdataipointstsoithat they are not:written:intoraiprocessed :data.file.

OmOnce the:datarpl otting {andstransiformationtunits 125xtransformsiand-plots the
unpunprocessed :datarto:obtai nisecured:dataysegments, thetmethod;200-proceeds?t0i240.

At IA1)240, the:dataireadingiand writing tunit}130:0btai ns thersecured:dataisegments
frorfrom thezdataipl otting fandstransformation tunits 125,tsorts theisecuredzdataisegmentssinto
a geargenericiformat tozobtainigenerically tsorted:dataisegments, iandsthen:writes the
gengenerically tsortedz:datgisegmentsitoia fil extozobtal nraprocessed sdata fil e.

In sInisomelembodiments, the:dataipl ottingianditransformation funits 125 Cariiindicate
thatthatzazdataspoi nt i sto:gisequencesof sunpirocessed:datajby ¢preceding theisequence of
unpunprocessed :dataiwith@" 0" :bitifollowediby thesnumber :of ibytesiof :datalin theisequence
of vof unprocessed :data.ic The:dataipl ottingiandstransf ormation funits 125 carisindicatetthat a
dat:dataspointd sto:&referenceipointer jbypreceding thezreferencespointer jwithi&"1" bit.

WhWhen the:dataspointc sito:&referencespointer, the'"1" bitsmay nottbeifollowedby the

i6
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nunnumber:of ibytesiof :dataiof thesreference:spointer,:asieach:referencespointersmay-have the
samsamezsize.

i sInisomelembodiments, the:data:eadingiand:writingiunit 130.canigenericallytsort
the thessecured:data;segments:based<omcoordinates:iof theitraversal ipathsiniwhich the
secisecured:datali gstored.sa Thattis, the:datacreadingtand writingtunit} 130.cantsort the
secisecured:datazsegmentsiinsagenericiformat, forsexampleaintascending:coordinateiorder,
desidescendingycoordinateorder,.etc. ¢l n:one:exampl e :evenithough theitraversal tpath:starts
at {{at(0,J0,i0)imen:goes toi(1,30 20)iand:thee (0,}1,10), thesdataxreadingtand writingiunit}130
cantcanisort thessecured:datalin:descendingi<orderiand:start at#( 1£0$0):then (0,3 120)iandsthen
{0, 10,0, 0).

TheTherdatasreadingiand writingiuniti 130:cansthen:write thexgenericallytsorted:data
segisegments«onto ia filexto:obtain thexprocessed:data fil ese The:dataireadingtand:writingunit
130130.canithen-provide the processed:data fileito, for:example, theiuser:interfacet 105
andand/or the:datarstorage® 145 foristorage.

TheThetmethod¥200:described:herein.can-providerasprocessed:data fil eithat: Can be
diffdifficult forza-hackeritohack.-<Eventif the:hackerthad:axcompl etelunderstandingiof the
metmethod)200, the hackeriwould not:besableitoiread theprocessed:data filelwithout
knoknowledge:of theimulti-length:run-lengith-encodingshapeland theitraversal ipath.
WitWithout thestraversallpath, the hackerwoul diberrequiredito.decode-every:dataipoint in
whiwhi chzdataiisistorediand try:toxcombinelwith:every:other:datazpoint. <In:orderito:decode
eacleach:dataspoint the hackeriwouldiberrequireditoifind thercoordinatewval ues forieach of
the thexdataspoi ntsiwhichywoul dibefdifficul tiwithout:knowledgeiof theitraversalipath.

TheThetmethod200: can:al sorprovideraprocessed:data fil etthat iigsignificantly
simasmallersthan thecoriginal ;unprocessed: file. sInisometembodiments, theiunprocessed:data
file file Cancbexcompressed:i ntorasprocessed:data fil exf ormat iwi théa-90% :datascompression

raturatiotoribetter.
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Fig Fig.i3illustrates sasflowchart 3of siamethod ¥300 fortrestoring tanmunprocessed :data
file filetthat: has:been:processed tusing Imulti :-dimensional -run-length wencoding tusing the
systsystem100,+according ato:onetembodiment.

TheTheimethod 1300:beginsiat 305:whereby thesuser :interface’ 105iwaits:totreceive
an gahradmission 'key iffromsa:usér. s Theradmission tkey i Canzberany ity pesof password,
bioibiometric tauthentication, . etc.:useditolauthenticate thesusérhiWhen thesuser :interface’ 105
recerecelveszahiadmission 'key, thesuser:interface 105irelays theradmission rkey Ito the
venverification junit!112iand thetmethod 3300+proceeds 3t03310.

At IA1)3310, theiverification iunit? T12¢determines cwhether theradmission key is
recirecognized. i1l f theradmission rkey «i sicrecognized, thetmethod 3300«proceedstos315iand
32(320. sinrsometembodiments, thetmethod $300:proceeds #to: 315tand3320:concurrently.  If
the theradmission rkeyis notirecognized, - the:imethod }200+proceeds 3t0?335.

At JA1335, thesverification unit? k12:inotifies thesusSer tthat theradmission rkey i s not
recirecognized fandirequests thesusertorpnmde  thescorrect radmission rkey.

At /At:315; theyshapeigeneration junit 115:0btainstapreviously igenerated :virtual
muimulti-dimensional yshapesequation i(with-any iscal ers) ithatiisquniquely ¢associated iwith the
adnadmission /key. sintsometembodiments, theypreviously igenerated :virtual Imulti-
dimdimensional jshapeiequation i(withrany Iscal ers) tCantbe:obtained ifrom the:datarstorage
145145.

At AD320, thegshapeitraversal iunit} 120:0btainsrarpreviously igenerated /traversal ipath
thatthatti siuniquely associated iwith theiadmission key. sintsometembodiments, the
prevprevioudly igenerated itraversal Ipath:Cancbe:obtained ifrom the:datasstorage’ 145.::0Once
botlboth thepreviously igenerated imulti-dimensional -run-length :encoding tequation i(with
anryany Iscalers) tand the'previously igenerated straversal ipath afe:obtained, theimethod ¥300
therthensproceeds 3t03325.

At [At:325, the:datacreading iand writing 1unit}130:0btains thesprocessed :data file
{e.g(e.g.,tfrom thesuser:interface:105, the:datarstorage’ 145,. etc.),«reads thexgenerically tsorted
datedataisegmentsifrom thesprocessed :data: Hietand provides theigenerically tsorted:data
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segisegmentsito thesdataipl ottingiand:transformation unit: 125..¢ Thetmethod}300:then
projproceedsito330.

At /A1330, the:datatplottingiandstransformation funits 125:uses the'previously
gengenerated:virtual Imulti-dimensional yshapetequation i(withranyiscalers)iand theitraversal
patlpathithat arewuniquely associated ito thexadmissionrkey:in :orderitosarrange thetgenerically
sortsorted«datazsegmentsiin theproper’iorder stozobtain thexcompressed:datassegments,iand
decdecompresses thesxcompressed:datazsegmentsithat-havelundergone:onelorimore:of run-
lenglength:encoding, :dataideduplication, {and:datastransformationsto:obtain thexunprocessed
datedataithat:Canibesformed:into thesxunprocessed file. plniparticular, thesdataiplottingiand
trantransformation unitt 125:cansarrange theigenerically tsorted:dataysegmentstatitheir
resyrespective:dataipoi nts.i¢ Theedataipl otting fandstransformation tunits 125 canithen
reasreassembl e thexcompressed :datazsegmentsiand:write the:uncompressed :datalin theiorder
of tof thetraversal Ipathsto:obtain the:unprocessed :data file.

In sInisometembodiments, thezdataipl ottingtanditransformation funit: 125 can
reasreassembl e thexunprocessed :data fil exat imulti pl et different :dataspoints:along thetraversal
patipathiat thessamestime.kWhenzaiparti cuktr :dataspoi nt i ncludes:&reference;pointer tthat
po1poi ntsitozasdataspoi ntithat: has not yet:beensreassembled, the:datatplottingiand
trantransformation iunit 125t can'movesontot ddifferent :dataspoi ntial ong thetraversal ipath
andandicome: back jtosthis:dataspoint:|ater 1 Thisi Cansincrease theispeed:iniwhich the
uipunprocessed:data file Cantberestored.

OngOncesall-of theixcompressed:dataisegments aresreassembledinto thesunprocessed
dat:data file, thexunprocessed:data fila canithengbeprovided ito thesuser.

Fig Fig.s6.isaischemati csdiagramiof :an:exemplarytarchitecture for:aicomputer
devdevice}1200,isuch’as the:onesorsmorescomputer -devices:describedaboveiwithgrespect to
FigFigs..1-5:¢Thexcomputer :device¥1200tand-anyjof thesindividual icomponentsithereof can
be 1bewsed forrany:of the:operations:descried iin«accordancejwith-any:of thexcomputer-

gl mplemented {systemstandimethodsisdescribed<herein.
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TheThescomputer sdevice31200:generally lincludesiasprocessor 111210,smemdry11220, a
nretnetwork input/output (1/0)2 1225 rstorage$1230,iandian:interconnect $ 1250.¢The
conicomputer rdevice¥1200:canioptionally lincludesausér:1/0. 1215,saccording storsome
enytembodiments. i Thescomputer sdevice}1200.¢anibesinicommunication iwith:oneiorimore
addadditional xcomputer rdevicesy1200:through casnetwork #1240.

TheThexcomputer -device31200:i sigenerally srepresentative of ihardware saspectsaof a
varivariety :of user rdevices}1201iand:asserver -devicei 1235.¢The:illustrated suser rdevices
1201201 aresexemplary iand aré not:intende-ditotbeslimiting.;aExamples:of thesuserdevices
12012011include, but are not:limited:to,saidesktop scomputer ¥1202 c&cellular/maobile yphone
1201203,saltabl etrdevice 11204, 1and:atl aptopicomputer 1205.:s td sitoherappreciated ithat the
useiuser -devices3 1201: antinclude sother rdevicesdsuch fas; but not:limited:to,:aspersonal
digidigital sassistant (PDA), 1évideoigameiconsol e, :a:tel evision, tor the:likeslnisome
emtembodiments, - thesuser :devices}1201ican:alternatively tbexreferredtozas:client imodules
1201201 sInisuchtembodiments, thexclientimodules}1201: Canibesinsgcommunication jwith the
servserver rdevicei 1235cthrough thesnetwork 1#1240.3Onezorimoreiof the:clientimodules}1201
can Cantberingcommunication iwithsanother jof thexclient:modules}1201cthrough thesnetwork
1241240iintsometembodiments.

TheThexprocessor 11210:can retrieveiand:execyte:programming tinstructionststored in
the thesmemory21220fand/or therstorage’1230.Thesprocessor 11210 can:al sorstorefand
retrretrievesapplication :datairesiding fin thetmemaory?1220.cThesinterconnect 312501 siused to
trantransmit qprogramming tinstructionsiand/or sapplication :datasbetween the«processor 1210,
the thews&r: 1/01 1215, theimemory?:1220, therstorage’1230,iand thewnetwork :1/0? 12254 The
nteinterconnect ¥1250:céan, forsexample, tbe: oneiorimore;bussestior thezlike.e T hesprocessor
1211210 cansberassinglexprocessor, imultiple processors, 10r:asingle:processor rhaving
raaimultiplesprocessing scorés. slnisometembodiments, thesprocessorti1210:¢an:beiagsingle-
threthreaded «processor. slnisometembodiments, the:processor 11210 Cansbexalmulti-threaded

ProProcessor.
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TheTheuar 1/0L 1215 canlincludesggdisplay - 1216iand/orianiinputt 1217 xaccording to
sorrsometembodi ments.isl td sto:herappreciated ithat the:user: 1/0: 1215 Cantbe:onesorimore
devdevicesiconnected:inicommunication Jwith thescomputer -device}1200tthat:i sphysically
sepiseparaterfrom thexcomputer sdevice}1200.x Foriexample, theydisplay: 1216iandsinputi 1217
for for theldesktopicomputer 31202 Caniberconnected :inscommunication butjbephysically
sepiseparaterfrom thexcomputer -device}1200. I nicsometembodiments, thegdisplayi1216iand
mpinputl 1217 Cangberphysically lincludediwith thercomputer -device¥1200 for theidesktop
concomputer ¥1202. slnisometembodiments, the;usar: 1/0: 1215 canyphysically jbetpartiof the
usesuser-device’1201.x Forrexample, thelcellular/mobileyphone1203, theltablet-device?1204,
andand thetlaptop)1205iinclude thegdisplayi 1216land:input. 1217tthat areipart iof the
corrcomputer rdevice}1200.< Thesserver-devicei 1235:generally smay notlinclude the:user 1/0
1211215. sinisometembodiments, thesserver :devicel 1235i Canibexconnectedito theydisplay
i211216landiinputi 1217.

TheThegdisplayt 1216: cantincluderanfyzof :aivariety iof display -devicestsuitable for
disydisplayingcinformationito the;usér..zExamplesiof devicesisuitable for theydisplay! 1216
mclinclude, but are not:limited:to,zacathode ray ¢ubel(CRT)imonitor, cailiquid:crystal
disgdisplay (L CD)smonitor, sailightiemitting :diode:(L ED)smonitor,for the:like.

TheTheiinput! 1217: canlincluderanysof :avariety :of ii nput-devices:or:meanstsuitable
for forereceivingianiinputifrom the;usér..aExampl esiof -devicestsuitable for thesinputi 1217
mclinclude, but are not:limited:to,sarkeyboard, 1axmouse, :atrackball ,:aibutton, cawvoice
concommand, :aproximity ssensor,can:ocul ar ssensingrdevice forsdetennining 1anii nput:based
o1 «gn:eye'movements:(e.g. cscrolling:based:onzan: eyermovement), or the:likeisltdsito be
appappreci ated tthatyxcombinationsiof thesfor egoingzinputsi 1217: Canibetincluded for thesuser
devdevices}1201. sInisometembodiments theiinputl 1217 Canibesintegrated iwith thegdisplay
1211216isuchithatIbothiinputiandjoutput areiperformediby theydisplayi1216.

TheTheimemory?122Q:i ssgenerally fincluded torberepresentativezof .arandom @access
meimemory isuchias, but not:limited to, {Static:Random:Access:Memory(SRAM),:Dynamic

RarRandom:AccessiMemory5(DRAM),Edr:Hash. sln:sometembodiments, theirmemory?1220

21
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cancCansbexawvolatile imemory. slnisomeiembodiments, theimemaory 1220 Can:betaznon-
vodivolatilesmemory. sl nrssometembodiments, satsleastcarportion Jof thetmemory :Cantbetvirtual
meimemory.

TheTherstoragei1230:isigeneral ly fincluded stotbesrepresentative xof :ainon-volatile
meymemory :jsuch las, but. not:limited ito,zaihsirddisk .drive, zaesolid:staterdevice, sremovable
nmeImemory icards, joptical rstorage, sflashimemory rdevices, snetwork tattached tstorage4(NAS),
of coriconnections storstorage :areasnetwork 3(SAN) rdevi ces, zor cother tsimilar devicesithat imay
storstoreinon-volatile :data. slntsometembodiments, therstorage’1230:iscascomputer ireadable
memmedium. sInisomeiembodiments, therstoraget1230:caniincluderstorageithatsiscexternal to
the thercomputer :device ¥1200,Isuch:asiintaicl oud.

TheThewnetwork - 1/021225:i ssconfigured stostransmit :data viasasnetwork $1240.4£The
netinetwork $1240:may :alternatively ibesreferred itolas thercommunications snetwork §1240.
ExaExamples:of thexnetwork $#1240%include, - but are notilimited :to,»aslocal zareasnetwork
{LA(LAN), alwide:areasnetwork (WAN),: the:Internet, Jor the:like. sInisometembodiments,
the thesnetwork :1/0? 1225;canstransmit :data via theinetwork £1240:through ra:wirel ess
conrconnection tusing IWiFi, 1Bluetooth, o sother Lsimilar wireless scommunication sprotocols.
In slnisometembodiments, thercomputer sdevice ¥1200: canitransmit :data via thewnetwork
1241240:through :aicellular, . 3G,.4G,cor othcarwirel ess iprotocol. slnisometembodiments, the
netinetwork 1/0? 1225 canitransmit :data viarawire:line, canioptical zfiber:cable, Jor the:like. It
1s i stoshesappreciated ithat thewnetwork :1/0? 1225 canicommunicate :through thesnetwork
1241240:through i suitablercombinations :of theipreceding wirediand:wirel essicommunication
meimethods.

TheThesserver device’ 1235sisigenerally srepresentative x0f :axcomputer rdevice 31200
thatthatican, for:example, frespond towrequests received via thesnetwork £ 1240xtorprovide, for
exaexample, :data forwrendering rawebsite {oia thesuser -devices} 12011 Thesserver :device’ 1235
can Cantbeirepresentative 10f :acdatasserver, san:application sserver, Ian:zl nternet vserver, for the
likelike.

22
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AsyAspectsidescribed<herei ni Cancbetembodi ediasiaisy stem,imethod,zors:computer
readreadabl eimedium. slnisomelembodiments, the<aspectsidescribed:Canibesimplemented in
hardhardware, tsoftwares(includingsfirmwareior thexlike),zoricombinationssthereof .uSome
aspsaspects Canibeni mplementediinzaxccomputer creadabl ecmedi um, fincl udingicomputer
reacreadabl etinstructions for:executionsbyiaprocessor.vAny:combination:of :one:orimore
concomputer ¢readabl esni edium(s); cantbetised.

TheThescomputer areadabl eimedi um: cantincludecaiccomputer readabl ersignal imedium
andand/or:aicomputer areadabl erstorageimedium. ¢ A scomputerreadabl erstoragesmedium.can
mnclincluder anystangi bl exrmedi umi capabl esof -storingcaxcomputerprogram for useiby a
proprogrammabl exprocessor :to:perform functionssdescribed:herei n:by:operati ngion:i nput
datzdatalandigeneratingeanjoutput.cAscomputer program isassetzof instructionstthat: can be
usaiused, zdirectly:oriindirectly xincaccomputer tsystemitoiperform:zatcertainfunction or
det«determinezatcertai niresult..sExampl es:of :computerreadabl erstoragesmedialinclude, but
are are not:limited:to, safloppytdisk;:ahardkdisk;zasrandom.accesssmemory}(RAM);zaread-
onbonlyimemory”(ROM );za:semi conductor imemory-deviceisuchlas; but notslimited:to, an
eraserasapl e programmabl eread-only imemory?(EPROM ) can:el ectrical lyserasable
projprogrammabl ecread-only imemaoryZ(EEPROM), sFlashimemory jfor theslike;casportable
concompactidi skeread-only:memory-(CD-ROM);canioptical rstorage device;iagmagnetic
storstoragerdevice;zotherisimil arrdevice;sor tisuitabl eccombinations;of thesforegoing. A
coricomputer creadabl exsignal imedi um. canlincluderaypropagated:datarsi gnal -havingicomputer
readreadabl etinstructions..eExampl es;of propagatedisignal stinclude, but are notilimited:to, an
optiopticalspropagated:signal ,«ancel ectro-mai gnetic;propagatedisignal for theslike. A
concomputerreadabl exsignal imedi um: canlincluderany:computer creadableimediumithat is
not notzaxcomputer readabl ey storageimedi umithat: canypropagate:accomputer:program for use
brv :dbyraprogrammabl e-processor ;toiperform functions«described:herein:by:operating on

inpiinputzdatal andigeneratingranjoutput.

]
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SouSometlembodi ments ¢angbe provideditosantend-user:throughiaicl oud-computing
mirinfrastructure.cCloudicomputingigeneral lylincludes the-provisi on;of Iscal abl eecomputing
rescresourcesiasaservicesoveranetwaork:(e.g., thellnternetior theslike).

AltAlthoughtaznumber:of methodsiandisystems drexdescribedihereinit is
concontempl atedithatsassi ngl eisystem:orimethod: Canli ncludeimoresthan:orielof thesabove
discdi scusseds subjectimatter 2¢Accordingly,Imultiplelof thexabovetsystemstandimethods can
be 1besuseditogetherinaassi ngl etsystem:ortmethod.

TheThaexamplesdisclosediinsthi sapplication arétocbeicons derediinzal lzrespects as
iiudllustrativeland not:limitativeis Thejscopelof thesinventiorisiindicatediby thexappended
claiclaimsiratherithaniby thesf oregoing:description;iand:al l:changesiwhi chicomeiwithin the
meimeaninglandirangesqf equivalency:of theiclaims aresintended:tosbetembraced:therein.
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CLCLMMS

. 1. A nAimethod forimulti-dimensional i-run-length:encodingsof .an:unprocessed :data
file file, thetmethodicomprising:

obiobtainingzahiadmission ‘key;

detedetermining sastraversal ipath jwitliiniavirtual Imulti-dimensional jshapesbased on
the theradmissionrkey;

trantransforming sunprocessed :data:of thewunprocessed :data fil esintolasplurality of
concompressed :datazsegments;

plotplotting:ieach:of thesplurality :of :compressed :dataisegments:ontoza:datapoint
aloralong thestraversal ipathatozobtai ntasplurality ;of isecured:dataisegments;

gengenerically tsorting theisecured:dlataisegmentsato:obtai niasplurality :of generically
sortsortedz:datassegments; iand

wriwriting thesplurality zof generically ¢sortedzdataisegments:intoraprocessed :data

filefile.

2. 2. TheThetmethod:of .claimxixwherein edetermining theitraversal Ipathiwithin thesvirtual
nimulti-dimensional jshape:based ton theradmissionkeylincludes:
venverifying theradmissionrkey;
gengeneratingavirtual imulti-dimensional ;shapeiequationidefining the
virtvirtual imulti-dimensional yshapetthattisiuniqueito theradmission ‘key:when the
adnadmission:keyiis notiverified; fand
gengenerating thestraversal ipath iwithin thesvirtual Imulti-dimensional ;jshape
thatthatii scuniquelto theradmissionkey ewhen theradmission keytis notiverified; or
whswherein«determining thestraversal ipathiwithin thevirtual Imulti-dimensional
shajshape:based ibn thexadmissionkeylincludes:

veriverifying thexadmission:key;
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obt:obtai ningifrom:arstoragesl ocati onia virtual Imulti-dimensi onal jshape
equequati onidefining thervirtual imulti-dimensi onal jshapetthatti sicuni queito the
aduadmissiornykey:when thexadmissionrkeyrisiverified;iand

olstzobtai ningifrom therstorage:l ocation thetraversalipathiwithin thervirtual
nwimulti-dimensi onal jshapetthat:isuni queito theradmissiorrkeyswhen thexadmission
keykey-isiverified.

3. 3. TheThetmethod:of iclaim:2iwherein thervirtual imulti-dimensi onal ;shapexequation
inclincludesalscal ertthat:i szuniqueito thesadmission-key.

4. 4. TheThetmethodof any:oneof claims,1-3,ewhereinitransforrning theunprocessed
dat:datalof thexunprocessed:data filesinto thesplurality:of compressed:dataisegmentsiincludes
ideti dentifyingsaifirstisequence:of iunprocessed:datal and:a:secondisequence:of :unprocessed
datidataithatd sii dentical ito theffirst:sequencesof unprocessed:data, irepl acing thesfirstiand
secisecondisequences:of unprocessed:dataiwith:adataval uetthat hasastoragessizeithat is
sntasmal lerithan therstoragessize:of leach:of theifirstiandisecondisequencés:of sunprocessed
dat:data,land

whewherein the:datasval ue i siafirstsccompressed:dataisegmentiof thesplurality
concompressed:datg;segmentsiand the:datawval ue i sassecondicompressed:dataisegment of
the thesplurality:of :compressed:dataisegments; or

whswhereinitiansforming thesunprocessed:dataiof thexunprocessed:data fileiinto the
phuplurality:of .compressed:data;segmentslincludesiidentifying:aifirstisequence of
unpunprocessed:dataland:=assecond:sequence:of sunprocessed:dataithat< s dentical ito thesfirst
segisequencerof wnprocessed:data,irepl acing thetfirstisequence:of unprocessed:datajwith a
dat:dataval uetthat has:arstoragessi zetthat:i sssmal lersthan therstoragessize of theifirstiand
secisecondisequencés:of sunprocessed:data,iandirepl acing thetsecondisequence of
unpunprocessed:dataiwith:&referenceipoi ntertthatipoi ntsitozacdataupoi ntiof thexdatarval ue,
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whiwherein thezreferencespointer: has.arstorage:sizefthat ii sssmallersthan therstorage:size of
eacleach:of the:firstiandisecond:sequences:of unprocessed :data,iand

whswherein the:datazval uerisiafirsticompressed :dataisegment iof thesplurality of
concompressed idataysegmentsiand thesreference spointer : i sassecondicompressed:data
segisegment:of thesplurality :of compressed :dataisegments; or

whewhereinitransforming thesunprocessed :dataiof theyunprocessed:data filexinto the
phuplurality 2of ccompressed :«datazsegmentstincludestidentifying saifirstisequence of
unpunprocessed :dataland:assecond :sequence :of sunprocessed :dataithatiwhensapplying a
matmathematical :operationion thee«second;sequencé:of unprocessed :datastransforms the
secisecond isequencé:of unprocessed :datei ntocasnew :sequencé of unprocessed :datatthat is
ideridentical }to thefirstisequence:;of unprocessed :data,ireplacing theifirstisequence of
unpunprocessed :dataiwith:a:datarval uetthat: has.arstorage:si zefthat i ssmallerithan therstorage
sizesi ze=of leach’iof theifirstiandisecondsequencésof unprocessed :data,iandireplacing the
secisecondsequence:of iunprocessed :dataiw:ith:&referencespointer tthat:pointsito thesdata
valivalueland@an:operationindicator iindicating thetmathematical >operation:appliedito the
secesecond isequence :of :unprocessed :datartozobtain theifirstisequence:of sunprocessed :data,

whswherein thesdatasval uerisiafirsticompressed :data:segmentof thesplurality of
concompressed idatazsegments, fand

whewherein thereferencespointeriand the:operationiindicator isassecondicompressed

datzdataisegment of thesplurality :of ccompressed :datazsegments.

5. 5. A nAimethod fortrestoring:a:data: fileithat: has:beensprocessed tusingimulti-
dimdimensional -run-length:encoding, thetmethod:comprising:

oabt:obtainingzahiadmission‘key;

reacreadinglasplurality :0f .genetically tsorted:dataisegmentstthatiformsrasprocessed
dat:datafile;

detedeterrniningiastraversal ipath iwitliiniavirtual imulti-dimensional ishape:sbased on
the theradmissionrkey;
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ploiplotting theiplurality :of .genetically tsorted:datazsegmentscontoiasplurality iof :data
potpointsialong thestraversal ipath:to:obtai nlawplurality :of .compressed:dataisegments,

reasreassembling theiplurality :of compressed :data;segments:intg:unprocessed :data
thatthatiforms the:data file.

6. 6. TheThetmethod:of .claims5iwhereincdetermining thetraversal tpathiwithin the:virtual
muimulti-dimensional yshape:based {bn thesadmissionrkeylincludes:

veriverifying thexadmission-key;

obt:obtal ning:from:a storage: ocation:a virtual Imulti-dimensional ;jshapetequation
defidefining the:virtual Imulti-dimensional yshapetthatiiscuniqueito theradmission-keywwhen
the thesadmission-key-isiverified;iand

obt:obtainingifrom therstorage:location thejitraversal ipathiwithin thetvirtual Imulti-
dimdimensional jshapeithatii ssuniqueito theradmissionkeyiwhen thetadmission‘key is

venverified.

7. 7. TheThetmethod:of :.claim6,;wherein thetvirtual imulti-dimensional jshapeiequation

melincludes:alscal erithatiisiuniquelto theradmissionskey.

8. 8. TheThetmethodsof -any:orfe:of .claims.5-7,swhereinsreassembling thesplurality of
corrcompresseddatazsegmentstinto thexunprocessed :datalincludes:
reareadingiatzazdataspoint:of thesplurality jof :dataspoints:a:dataeval ue
repirepresenti ng:gisequence:of unprocessed :data;and
repireplacing the:datasval ueiwith theisequence:of :unprocessed:data; or
whewhereinsreassembling theiplurality :of :compressed:dataisegments:into the
uipunprocessed :datalincludes:
reareadingiataifirst:dataspoint iof thesplurality jof :dataspoints:&reference

poupointer tthat ipoi ntsitozassecond:dataspointiof thexplurality lof :dataspoints-providing
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a fuaffirstiinstancesof saifirsticompressed:datgisegmentiof thesplurality:of compressed
dat:dataysegments;iand

repireplacing thezreferencespointeriwith thesfirstcompressed:dataisegment;
gy Or

whewherei nsreassembling thesplurality:of :compressed:dataisegmentsinto the

unpunprocessed:datati ncludes:

9.

reawreadingiatiafirst:dataipoint‘of thespluralityiof :dataipoi nts&reference
poiipointerithat;poi ntsitozassecond:dataspointiof thespluralityiof :dataspointsproviding
a fuaiffirsttinstancesof saffirsticompressed:datgisegmentiof thesplurality-of compressed
dat:dataisegments;

readreadingiat theifirst:dataspoi ntcan:operationiindi catorirepresenting a
matmathemati calzoperation;

replreplacing thezreferencespointeriwith thetfirsticompressed:dataisegment;
andand

appapplying thetmathemati cal:operati onconto:arsequencesof unprocessed
dat:datasrepresentediby the:first:compressed:dataisegment.

. A nAlmulti-dimensional:run-length:encodi ngisy stemicomprising:

a wsauSer:interfaceithat:recei ves:ahradmissionrkey:fromsasuser;tand
a maimulti-dimensional:run-length:encoding:enginesthattincludes:

a veaiverificationunitithativerifies theradmissiorrkey,

a shayshapexgenerationjunitithatideterminesigvirtual Imulti-dimensional jshape
equequati ontthatti siuniqueito thezadmissionrkey,

a shaygshapetraversaliunittthatedetermines:aitraversalipathiwithiniavirtual
muimulti-dimensi onalyshapeidefinedtby thevirtual imulti-dimensionaljshape
eguequationiandtmatii ssuniqueito theradmissiorrkey,

a draxdataipl ottingtanditransf ormati oniunitithatitransforms:unprocessed:data
mntoi ntolaipluralityzof ccompressed:dataisegmentd andipl otsieachiof thesplurality of

29
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concompressed:dataisegmentsconto:aiseparate:dataspoi ntcamongiasplurality :of :data
poiipointstalong thestraversal Ipath:torformiaspl urality sof isecured:dataisegments,iand

a deasdatasreadingiand writingiunittthat:genericallytsorts thesplurality of
secisecured:datassegmentsitorformiaipl urality zof .genericallytsorted:data;segments
andand:writes thesplurality :of .generically tsorted:datgisegments:i ntoraprocessed :data
filefile.

16 10. TheTheimulti-dimensional :run-lengith-encodingisystem:of .claims9,swherein the
virtvirtual Imulti-dimensional yshaperequati onlincludessalscal erithatti siuni queito the

adnadmissionrkey.

11. 11 TheThelmulti-dimensional -run-lengith-encodingisystemsof any:orieof claims:9ior. 10,
whewherein thesdatapl ottingiand:transformation unit:identifiesaifirstisequence of
unpunprocessed:dataland:assecond;sequence:of sunprocessed:datatthatcisii dentical ito theifirst
seqsequencexof unprocessed:data,iandirepl aces thesfirstiandisecond:sequences of
unpunprocessed:dataiwith:adataval ueithat: has:arstorage:si zesthat 1 sismall erithan therstorage
sizesizexof leachiiof thesfirstiandisecondysequencesiof unprocessed:data,iand

whewherein the:datasval ueri siaffirsticompressed:dataisegment:iof thesplurality
concompressed:data;segmentsiand the:datawval ue i saisecond:compressed:dataisegment of
the thesplurality :of :compressed:data;segments; or

whswherein the:dataipl ottingiand:transformation iunitzidentifiesiaifirstisequence of
unpunprocessed:dataiand:assecond;seguence;of sunprocessed:dataithatsisii dentical ito theifirst
seqisequence:of unprocessed:data,iandirepl aces theifirstisequencesof unprocessed:dataiwith
a deasdataval uelandirepl aces thexsecondisequence:of iunprocessed:dataiwith:&reference
potipointerithatipointsito the:datazval ue,swherein thesreferenceipointer. hassarstorage:si zetthat
is s1issmallersthan therstorage:size=of leach:of theffirsttand«secondisequencés:of unprocessed
datedata iand
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whiwherein the:dataval ue i siaifirsticompressed:datassegmentiof thesplurality of
concompressed:dataysegmentsiand thesreferencespointer: i sacsecondrcompressed:data
segisegmentiof thesplurality:of compressed:dataisegments; or

whewherein the:dataipl ottinglanditransformationiunitiidentifies:asfi rstisequence of
unpunprocessed:datal and:=aisecondisequence:of unprocessed:datatthatewhen:applying a
matmathemati cal:operationion thessecond;sequence;of unprocessedidataitransforms the
sectsecondisequence:of iunprocessed:datesi ntozasnew isequenceiof unprocessed:dataithat is
ideti denticalito thetfirstisequence:of unprocessed:data,iandirepl aces thefirstisequence of
unpunprocessed:datalwith:adatasval uetangdirepl aces thexsecondisequencesof unprocessed
dat:datalwith:&referencespointerithatpointsito the:dataval uetand:an: operationiindicator
indiindicating theimathemati calzoperati on:appliedito thessecondisequence:of :unprocessed
dat:datarto:obtain thetfirstisequence:of unprocessed:data,

whewherein the:datasval ue i siaifirsticompressed:dataisegmentiof thesplurality of
concompressedidataisegments,iand

whiwherein thesreferencespointeriand theoperationiindicator. i sassecondicompressed
dat:dataisegmentiof thesplurality:of icompressed:dataisegments.

12. 12. A sAimulti-dimensional:run-length:encodingisystem:comprising:
a wsauSer:interfaceithatirecei ves:ahradmissionrkeyifromsasuser;tand
a maimulti-dimensional:run-length:encoding:enginesthattincludes:

a veaiverificationiunitithativerifies theradmissiorrkey,

a shayshapexgenerationjunitithatideterminesigvirtual Imulti-dimensi onal jshape
equequati ontthatii scuniqueito thesadmissiorrkey,

a shagshapeitraversaliunittthatedetermines:aitraversalipathiwithiniavirtual
muimulti-dimensi onalyshapeidefinedtby thevirtual imulti-dimensionaljshape
eguequationlandtthatii sscuniqueito theradmissiorrkey,

a draxdatacreadingtand writingiunitithatireadsiaspl uralityzof .geneticallytsorted
dat:dataisegmentsfromiaprocessed:data.file iand

i
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a ds&dataiplotting fand:transformation iunitfthat iplotsieach:of thesplurality of
gengenerically tsorted:dataisegments!conto:a:separate:dataspoint camongiaipl urality
datedataipointsialong thestraversal ipath stozobtaintasplurality :of compressed :data
segisegments, landsreassembles thesplurality :of :compressed :dataisegments:to:obtain

unpunprocessed :dataithatiformsian:unprocessed :data file.

13. 13. TheThelmulti-dimensional rrun-lenglthsencoding tsystem:of claim ‘12,swherein the
virtvirtual Imulti-dimensional jshapeiequation {includes:alscal er tthati siuniqueito the

adnadmission-key.

14. 14. TheThelmulti-dimensional .run-lenglth:encoding tsystemzof any:orie:of claims¢i2 or
13, 13,:wherein the:dataiplottingianditransformation tunit¢<readsi atzacdataspoint :of the
phuplurality of :dataspoi ntsza:dataval ue representing :aisequence:of wunprocessed :data,iand
replreplaces the:datazval ueiwith thepsequence jof iunprocessed data.

15. 15. TheThelmulti-dimensional .run-lenglthsencoding tsystem:of ‘any:oré:of claims.112-14,
whiwherein the:dataiplottingiand:transformation tunit«readsiat:aifirst:dataipoint ‘of the
phuplurality of :dataipoints:a:ref erence jpointer éthat ipointsitozassecond :dataspoint of the
phuplurality Zof :dataupointsithat-provides ;afirsttinstancezof iaifirsticompressed sdataisegment
of tlof thesplurality :of icompressed :datagsegments,iand ireplaces the:zreferencespointer iwith the
firsifirsticompressed :datazsegment; or

whswherein the:dataiplotting iandatransformation iunitireads: étiaifirstsdataspoint jof the
phuplurality Jof :data:points:&:reference jpointer ithat ;poi ntsitozassecond:dataspoint fof the
phaplurality Zof :dataupointsithat-provides ;afirsttinstancezof iaifirsticompressed sdataisegment
of tlof thesplurality :of icompressed :dataisegments, creadstat theifirst:dataipointcan:operation
udiindi cator irepresenting :aimathemati cal :operation,ireplaces thesreferencepointer iwith the
firstfirsticompressed :datazsegment, iandsapplies thetmathematical :operation tonto:aisequence
of vofunprocessed :datasrepresented tby thest:firsticompressed :dataisegment.
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