METHOD AND APPARATUSFOR COVPRESSI NG AND DECOVPRESSI NG DATA RECORDS
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time r equp'rlro? 0 s?org et hie are two widely accepted methods of compressing data, namely

lossy and lossless compression. Lossy compression is a method of compressing data
where the compression and decompression of the data may lose some information while
being compressed or decompressed, but is generally close enough to the original record
20  to be useful. This method is most often used in the compression of multimedia files,
such as audio, video, and still images because the human eye or ear generally cannot
recognize the difference between the original data and the decompressed data. In
contrast, lossless data compression allows the exact original data to be reconstructed
from the compressed file. Typical examples of where lossless compression may be used
25  are source code and executable programs. Other examples exist where it may be unclear
what information is significant and therefore it is not recommended to discard any of the
information in the original file.
One of the tradeoffs typically present in compression is the extreme CPU time
required to compress and then decompress the data. Therefore, in any compression
30  routine, the amount of compression must be offset by the CPU time required to perform
such a compression.
Prior art methods for compressing continuous or semi-continuous data streams

exist where two consecutive records are compared to one another. Typically, the
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as a difference between the compressed record and a second record.

ASPECTS
According to an aspect of the invention, a data storage method comprises the
20  steps of:
receiving a first data record and at least a second data record;
comparing the first data record to the second data record; and
compressing the second data record as a difference between the first data record
and the second data record.
25 Preferably, the data storage method further comprises the step of truncating a
least significant digit of the second data record prior to the step of compressing.
Preferably, the data storage method further comprises the step of moving a
positive or negative indicating digit from a beginning of the first or the at least second
data record to an end of the data record.
30 Preferably, the step of compressing the second data record comprises the step of:
compressing the second data record with a header nibble and one or more data

nibbles.



positive or negative indicating digit froma beginning of the first or the
at | east second data record to an end of the data record. Preferably, the
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Preferably, The data storage method further comprises the step of writing the
compressed record to a memory.
15 According to another aspect of the invention, a processing system comprises:
a memory; and
a processor configured to:
receive a first data record and a second data record;
compare the first data record to the second data record; and
20 compress the second data record in the memory as a difference between the first
data record and the second data record.
Preferably, the processor is further configured to truncate a least significant digit
of the second data record.
Preferably, the processor is further configured to move a positive or negative
25 indicating digit from a beginning of the first or the second data record to an end of the
data record.
Preferably, the processor is further configured to represent the second data record
with a header nibble and one or more data nibbles.
Preferably, the header nibble represents the number of data nibbles in the
30  compressed record.
Preferably, the header nibble represents whether the second data record is greater

than, less than, or equal to the first data record.
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indicating digit froma beginning of the first or the second data record to
an end of the data record. Preferably, the processor is further configured
to represwot2otsoxecond data record with a header ni bbl @eCarnus2@808B63 nor e
data ni bbl es. Preferably, the header nibble represents the nunber of data

ni bbles in the c ressed record. Preferably, the header nibble represents
whether the sdueftitueRc OBE BF alqr%d@t@éla@é?s qarise B S ifsrepee W%ﬁh@fé ¥ t he
first dat r lyy, ne or nore data nibbles conprise the
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shows a processing system according to an enbodi mrent of the invention. FIG
2 shows @asdinsrreseridomdadogyare sbsequsotlyireepivas data savbudii todle basklingreecord.
invention. FIG 3 shows a conpression algorithmaccording to another
enbodi nent of the invention. DETAILED DESCRI PTI ON OF THE | NVENTION FIGS. 1
- 3 and tERFPDhERWRISTHERCOF AtHP HRACRINGSpeci fic exanples to teach those
skilled im the art how to nmake and use the best node of the invention. For
t he pdrpose ofFledchbwyg aiproestingaygemrecicptdasg tosonembahnent oftthalinvaespent s
have been sinplifi gg or omtted, quse skilled in the@grt- w | | E]ppreci ate
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Those Skiih%é?ﬂio. n the art will appreciate that the features described bel ow
can be conbined in various ways to formnultiple variations of the
[ nvenlti on. As FIG.8%hbivs atddenprénsesit d196rithen f@bordih@td &ebth@ dnisodsipest éflthe
exanpl es ,

mvention.

15
DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1 - 3 and the following description depict specific examples to teach those
skilled in the art how to make and use the best mode of the invention. For the purpose
of teaching inventive principles, some conventional aspects have been simplified or

20  omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

25 FIG. 1 shows a processing system 100 according to an embodiment of the
invention. The processing system 100 comprises a processor 101 and a memory 102.
The processing system 100 can comprise a general purpose computer, a micro-
processing system, a logic circuit, a digital signal processor, or some other general
purpose or customized processing device. The processing system 100 can be distributed

30  among multiple processing devices. The processing system 100 can include any manner
of integral or independent electronic storage medium, such as the memory 102.

Connected to the processing system 100 by a bus loop 103 is a transmitter 104. The
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descri bed bel ow, but only by the clainms and their equivalents. FIG 1 shows
a processing system 100 according to an enbodi nent of the invention. The
processi ‘yoOLYX@m2100 conpri ses a processor 101 and a meeDUS2088813¢he
processi ng system 100 can conprise a general purpose conputer, a mcro
processing system_a logic circu igital .signal . Crltc')(ﬁessor, or. song

it, ad )
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processi ng system 100 by a bus loop 103 is a transmtter 104.
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conf i gur eglilt @efe@ddon MO pARIUAR d@ideNEddlBERHT IBENENEd GNtHOBtheFh@d of the
information may conprise flow nmeasurenents, for exanple. However, it should

be under dtapsuhittdratTheneforamflnr preserdnneamiontpouldenatiberigmited tr dath Icbndegfpenefl on
t he partifil}tﬂiﬁIa devi ce (Onot shown) connected to the other end of the
transni t P IPREIEQIGIAON; he nresent i nvention should not be linmited to data

consi sting of A¢dd&ink &% cRfbBaFREA AT thd NG BRI Shd @até‘?r&%’_@&ﬁil@?%n%cei%e
i nvention, the data processor 101 can receive incomng bits of data from

t he tlDansntdrhery Hitdofadeda Ciomp tes satdnatten E@driand) cbimpsese fthel atcanpng bits tod daendi ng
the data to the rg{em)ry 02. Ehe processor 101 may conpress a current data
record bd¥t¥ teaending F@éﬁ%@é BEIGRYY 0Re ThermresRsSefatd PRY 6P @PERH A SUFFRYi ous
data reco [ r4: Lch S tion
of the da aga ?e(laé@{r)(% Egsteﬁgcﬁi Psdllff%rgn§% Ea etl‘.a gqﬁ%ﬁ%%%vqagﬁ% g?gﬁ ?gc%rre gf,&%%{anot

the portiregordf UMikertR€ prior drbatetlebdsf Qhﬁ:hfdr@yrb@thrm ehel paitioti 6F thedatd Reord
present invention can conpress substantially all of the data record.

Accor di nghgtos adensienbl@i the prevaeus ¢asa reppehttivmot theepazbem pé theaigeerslthatr &efsrsd i s
RN BN R T e T
record i se¥dridt t RBc@8inkh® £H EMBHEINESt REUME AR hhiBn P ViR Seds88 Uath ARbrd e
current record. According to yet another enbodi nent of the invention, the
conpr essewridert as rebfenis barvidaenehe asrrehteredpfd ardacecond record.  According to
another embodiment of the invention, the compressed data record is written as the
difference between the previous record and the current record. According to yet another
20  embodiment of the invention, the compressed data record is written as the difference
between the current record and a baseline record.
According to an embodiment of the invention, the data received by the processor
101 comprises a digital bit stream. It should be understood that the data does not have
to comprise a digital bit stream. Therefore, the particular form of data received by the
25  processor 101 should not limit the scope of the present invention. However, digital bit
streams can easily be divided into distinct uniform groups such as nibbles (4 bits) or
bytes (8 bits) as discussed further below.
According to an embodiment of the invention, the processor 101 can represent
the incoming bits of data as decimal or hexadecimal characters, for example. It should
30  be understood that the incoming data does not have to be represented as hexadecimal

characters; however, in some embodiments, hexadecimal code may provide better

compression than a decimal representation.



between the current record and a baseline record. According to an

enbodi nent of the invention, the data received by the processor 101

conpri seswa 2diogisoe bit stream 1t shoul d be under st oodPCinats2es®ssat a does
not have to conprise a digital bit stream Therefore, the particular form

of data received by the processor 101 should not |imt the scope of the
present i nventAeHOr lﬂawgwélr?mm@mear obihe EvERUoRs tégﬂr%%?éwrylo&ecaga Vrifeths nt o

di stinct :ynifor ' 4 hj b i
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record in the menory 102. The processor 101 may conpress the inconing data
into a stanergnbyfdimichlitesnumber aft datagibbiesnianrasy fromy ono hpeighe A csendingstoof
"header" nibbles. Accordi.ng to an enbaqdi t of. the invention ach header
i bbl 6t GETUEBEa By ErA 0B Mg giiA A g BES miNercghbah (BF ety

ni bbl es GaRy VaHkcHRReBsh NG oS t\&%%ﬁl S Bhotd&f | M Lh&Nd a%S LARGSobA BECH
header ni bbl e. However, in one enbodi nent, the nunber of data nibbles can
vary 10r omliboegh ctheeprghint cAdodidentgs tdosatbed ras adimpeedtsingf the ldatd mve nttibdes, thehe
nunber of data ni bbl es may depend on the anobunt that consecutive data
records RRFYCHROMIBRRE %f[@érﬁépupth togphgr Hafbéaré{r?é’értgf’liﬁ’é‘ﬁet %&tm‘a@r{twa uldne
pr esent i i L :0NP i Nt o ni t he
Darti cul o aarpanedeS gregfee BOIAR BRTPRERSL Ay WiHE LR iR Baf bP drGined

i nventi orto%étﬁw,d not be limted to groupings of four bits. Rather any

nunber of bits may be grouped together. According to an enbodi nent of the
i nvention, theA¢wdrdipgitogn cabodimen of thammentia, thgpfodloanng tabte mardeused bl es,

whi chutilizes hexadeci mal. characters....lt should b nder st ood t.hat .t.he
tabi 451 s BrEo Tl e ey s BBl iahRERsSRET RIS at KR O 1
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scope o0 e
will readily recognize various other header definitions that fall within the scope of the
present invention.

Table 1

8 nibbles follow Uncompressed

7 nibbles follow | Value represents new value — previous value

6 nibbles follow | Value represents new value — previous value

5 nibbles follow | Value represents new value — previous value

4 nibbles follow | Value represents new value — previous value

3 nibbles follow | Value represents new value — previous value

2 nibbles follow | Value represents new value — previous value

1 nibble follows | Value represents new value — previous value

7 nibbles follow | Value represents previous value — new value

6 nibbles follow | Value represents previous value — new value

5 nibbles follow | Value represents previous value — new value

4 nibbles follow | Value represents previous value — new value

w| B v af Q| o o »| W o gl o =

3 nibbles follow | Value represents previous value — new value
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present invention. Table 1The first columm in Table 1 is the hexadeci nal

val ue of the header nibble in the conpressed record. It should be

appr eci atwo 20tvatso2he hexadeci mal val ue nmay be provi ded POTIiUSR008SEI3bDpEr at or
to represent the binary values actually stored in the nenory 102. The
second col um An—Fable—d—provides—howrany—datant-bblestolowthe
particul ar header |m B’E’Iblf’.s f?ﬁ‘éwt riY%u%ﬁﬂPﬂ?ﬁﬁnﬁsrPr%BF%Vﬁu%éélém B4 what t he
data ni bbl es Eleq Fibble tollots T dlue tepréscrits Br&VIo0s vAIle™ new valtre then

seven data ni bbl es I"Ow wner e |t he data ni es represen e neyw val ue -
the previous yakue. whereot-Remilwle deprdsbets CW5eRhluee b dedast GapRt @ |t han the
previous record. Iff the records conprise flow neasurenents, this may nean
that the current nexsuossrent is greater than the previous neasurefent, for
exanpl e. A compression—algetri-thmray—be—used—+n—econjuneton—wth—{ he above
definitions t>§QonSV§§§nPﬁ@» bits of data based on a differeng¢e between
a current data record and a previous, unconpressed, data record. The
conpressed record witten to the nmenory 102 may conprise the difference

bet ween t he untenfirsessiechr @CcDalde and thidRexadeyinallsalvecsfitle hEdder n2bidb dnehea
data conpression _al gorithm 200 according to an enbodi nent of the invention.
The al gordonesed wwegrdoe It mhovlg: be appreciated thafpdicahexadseinglt valnatmoel8e my
be initiated by .another program operate t.he processor 401. Agcording to
the enbodtTadrd sholis e BPENS I RPEIGE 4BY NGtV QGRS Aelhal sto R B ng
data isn sheRorO02. | TheicRBnd @Slunihi®y %?%ﬁ&ﬁdés%v@ﬁﬁn?@ﬁ%i@blfeb%lw Nt
record to a second data record. In sone enbodi nents, the second record

conpr i seartienlpr kerdeusibbéx ol e thifd chkwe ins Talbleplr descobes mhebihs data adrpdes e
the current record to, the. processor. 101 can store the record conpr essed.
Accor df ngoPsSSl Eapbume 15 SRS hvBR R, EHeSebAdd TEaS ) LS VBt | s
a header ,tﬁi:)flfeaka\?mnlﬁfl%llé&gﬁﬁeggﬁt Meendw \{aa'l&hL tﬁ@tﬁewoﬁplvﬁﬁle. The ovirUgok, e

header nib upon how long the 'data record is. In other words,
t heval ue anfrehheecdeddir greatebl thami tht plepens mwoortdhe 16ithé erceords dvehpvesen flohve

current record and the previous record. According to an enbodi ment of the
i nver®i orfneasHeepasydhis gnagpmean that the current measurenient 1s greater than the previous

measurement, for example.

A compression algorithm may be used in conjunction with the above definitions
to compress incoming bits of data based on a difference between a current data record
and a previous, uncompressed, data record. The compressed record written to the

15 memory 102 may comprise the difference between the uncompressed record and the
previous record.

FIG. 2 shows a data compression algorithm 200 according to an embodiment of
the invention. The algorithm 200 may be initiated by a user/operator or alternatively,
may be initiated by another program operated by the processor 101. According to the

20  embodiment shown in FIG. 2, the processor 101 can receive the incoming data in step
201.

In step 202, the processor 101 can compare the current record to a second data
record. In some embodiments, the second record comprises the previous record. If
there is no previous record to compare the current record to, the processor 101 can store

25  the record uncompressed. According to an embodiment of the invention, the stored
record can comprise a header nibble followed by one to eight data nibbles. The value of

the header nibble will depend upon how long the data record is. In other words, the
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can be based on the values in Table 1. According to an enbodi nent of the

i nvention, the processor 101 can tenporarily store the record in order to
conpar e tweouwoseantt record to the subsequently recei vedPcaaseas/ogise3 curr ent
record may be stored, unconpressed, in a cache nenory, or simlar menory

S SSBRART N ST B Ebeondh BT S Bt
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processor enents t Initions e pre erm ne

nunber ofcanibebhssd wauhe varieeiigMabler.auvseoidite b gheatbodeadearofithdimenaohy
provi des for eight data nibbles to follow However, if other header nibble
defi ni ti dhe Papecssofpl @hsar damporaily seafette feeeid Wuplsler tefcompage Ahosnesgnican

vary. g'sf r%s?oerddicof i esglﬁgﬁﬂﬂbgrgrgeglgéc?frg%r%q %Qﬁ r;ltg‘%'ﬁo% mﬁqg}e/g%etr] “s;%?@e% G Of

ni bbl e process step e cur gTd IS
conpr essaghcampkdiedi fif ar enne H@hﬁ@ﬁnoﬁh@nﬂufﬁﬁ@hoﬁﬁﬁﬁﬁﬂs??dzbb bSREONE

record. In sone enbodi nents, the conpression represents e difference

bet ween tdesnpdetedent record and the previous record. According to an

enbodi nent of t,he invention, the procesgsor..101 c conpr ess. t he rrent
Fecord into a MECBIERBTG iAo agr MBI BYFERRAN By Mo anDAeHORE
dat a ni bhbgsq ARC ‘E'éﬁ?gseh%daﬁ'y% gét@ﬁﬁﬁleefmﬁl%r'WﬁﬂB]e@.n’A&Mdiﬂg%%ne

ni bbl e can i1 ndicate the nunber of data nibbles that follow According to
anot Hér embodiiment wdferd ke iproesstoron 1t ineplbandisr thei Béfitioan afepaldsent the

AT W T A RO TR
i bbl : : i f - I - d
e

pr edet er mro@dpleuidhesd, te predhib@sined hempeostdsohibbll caavastore the record
unconpressed rat her than conpressing the record. The unconpressed record

may still inclliithe diffeeensercanbebprresenied by sirppredetermingd nyarge ot Ailthinsethear e
0ot 18 Sl a2 R G LS PR, e RRTRASEE B,
101 can dgfferdte Betweeh ik SR MECOT@aRd theCRUBd BRSrd. "B some embodiments, the
compression represents the difference between the current record and the previous
record. According to an embodiment of the invention, the processor 101 can compress
the current record into a record comprising a header nibble followed by one or more
20  data nibbles. According to an embodiment of the invention, the header nibble can
indicate the number of data nibbles that follow. According to another embodiment of
the invention, the header nibble can represent whether the current record is greater than,
less than, or equal to the previous record. According to an embodiment of the invention,
the data nibbles represent the difference between the currently compressed record and
25  the previous record. If the difference cannot be represented by the predetermined
number of nibbles, the processor 101 can store the record uncompressed rather than
compressing the record. The uncompressed record may still include a header nibble.
For example, if the header nibbles are defined as in Table 1 above, then the header
nibble of an uncompressed record comprising eight nibbles would be ‘F’.
30 In step 204, the processor 101 can determine if the current record comprises the
last record. If the record comprises the last record, then the algorithm 200 can end. The

processor 101 can also write the current record in as a compressed record in memory
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| ast record. If the record conprises the last record, then the al gorithm
200 can end. The processor 101 can also wite the current record in as a
conpr essesoremdsm24n menoryl102 without tenporarily storiPog/ush@sosrsent
record. This is because there is not a subsequent record which the current

record nmust. be conpared wth. |If re inconmng data records exist, then the
al gorit hnlxoélowﬂéaﬁtn?f‘éﬂemrﬁﬂ YoSeFiag tgg?“ﬂ’?é‘F éeqq%g- sﬁé@e’éu‘é@?ﬁ‘u?%&ﬁr?j ig 40t e

o it h i ted
conpare shB%éaqtﬂ%ntCI‘éE&%“&/hfcﬁctﬁ% \%rr@'i\'] RSk Est %%Jlﬁ%%b%%g# S{Pgﬁ%&ﬂ%@@%ﬁﬁ“ €

on i nteger a values I's s elow to al e
present idawericoaly adapthdnnge ipoainhrdogdéanereturafto tshep 20D/ @htteothe stiakeubor
exanpl e the follow ng i ncom ng data records where each of the decinals

r epr esentr§cedgpap be sompapidiaile egat reeppd.12345678 (2) 12345678 (3) 12345678

(4) 13345677 (%) 13348678:(0) 42345800 ACRRLAIAG wLlie @l gon LI 300, the

processor 101 ‘Can receive ecor cause not a

previ ous YegsR1td aldinCOERMderstdh@irdd 65the PréRnt BRRAA0H Becdrfli@gRb AT diheAt can
store the first data record along with a header nibble indicating that

ei ght ni bidltke ifwehtiony. Tike ferf evample e tdloprieg sednfing Wata rwoerdd Wereeadusic 78,
where 'F t.ne. header nibbl e representjng that eight nibbles follow that

o
are uncoﬁﬁ?gg%lg]&.lsrleﬂreéf’q{éﬁ 88 PR @9Ght dat a ni bbl es conprise the
original incomipg dakgseAgcording to an enbodi ment of the invention, the

processor 101 can then receive the second data record, which is identical
to tHé first dad)a rledd6a78 Therefore, the processor 101 can proceed to the
third data recqord, which is also identical to the first data record. The
processor 101 @an tlﬁéﬁSW%ceed to the fourth data record. Because the
fourth data re(g?rdl' 48@47identical to the first data record, the second
and third data records can be conpressed into two ni bbles, one header

ni bbl e represqyyi ng23nas73 he record is identical to the previous record and
one data ni bbl e representi ng how many

(6) 12345676

15 According to the algorithm 200, the processor 101 can receive the first data
record and because there is not a previous record to compare the first data record to, the
processor 101 can store the first data record along with a header nibble indicating that
eight nibbles follow. Therefore, the compressed format would be F12345678, where ‘F’
is the header nibble representing that eight nibbles follow that are uncompressed. In

20  other words, the eight data nibbles comprise the original incoming data.

According to an embodiment of the invention, the processor 101 can then receive
the second data record, which is identical to the first data record. Therefore, the
processor 101 can proceed to the third data record, which is also identical to the first
data record. The processor 101 can then proceed to the fourth data record. Because the

25  fourth data record is not identical to the first data record, the second and third data
records can be compressed into two nibbles, one header nibble representing that the
record is identical to the previous record and one data nibble representing how many
records are identical. In this case, the second and third data records are identical to the
first data record and therefore, the data nibble would be 2. Therefore, the second and

30  third data records would be compressed as ‘02°.

The processor 101 can then compare the fourth data record to the third data

record. In this case, the difference is one (12345678 — 12345677). Furthermore, the
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records are identical. In this case, the second and third data records are
identical to the first data record and therefore, the data ni bble would be
2. Ther efwoepiwdse2decond and third data records woul d beCTarspeossssa3 as
'02'. The processor 101 can then conpare the fourth data record to the

third data rec In_this c ifference i.s one 678 -
12345677)fa ou aF?eF?ﬁ?F‘é 18 {¢5eft ﬂf?‘tﬂP’F E\Hrcgda@crﬁcarqsﬁeé&set 3@3?@@%.% Bfat a
record.

or edet er %Eﬁ%%éﬁa&n%&l i hh B BB Aol SRRV O ipb RS el WIS cave) |

101 can Ctberpfc&:essotrhelrce@omdlprdsmthehﬂemmaslﬁ thislvasd, olwfdmrtﬂaiaaa feeoﬁrdou\lrdtﬂed be

conpressed as ' 11', where the header nibble is a 1, which represents that
1 ni bbl e 9osmmrewsd ad It hawhergethgahendennittpe igar b whidh Eepressnesent 4 rikklco| d

it dMey St matfe SRR OB eRPURa rfele RSB Tio Al sl SBED KBS Thg

dat a recqisgh nidBWEN Qrl, bdchgsd thé dirfeet@ ikgcord di ffers fromthe fourth dat a
record by two. Therefore, the conpressed record would be stored as '12'.

The sixth dat a%rsmﬂardcqrepagrsoatiernadhdntwe@ fhief fifth datearecerdoandl. theidweste datat he

di fference c strII resented in i bbl e. re si xth

at a1 6CORE B RN R ABRpr b el secorgifte Bofl e @ dfibrtosed b hoader
ni bbl e reﬂﬁﬁé%ﬂ§Hﬂguﬁﬁﬁ%a%ﬁ%e&ﬁﬁamﬂﬂ@gé§u§éﬂéé”M? and the data nibble
represents a new value - old value. The conprises the data nibble where
the dif f er encellizesistterdathecairdtis gredtef i thtuh\ tat ffth etz dscord. otbowdfee, the

processor 101 can th recei ve the |nco atag stream
123456781d2éﬂ@@7‘8 ma@@ro 1%&%17671112304%17 &@J@t?%or&naiwr@éiaéa SRt weslkly

record taq,t v .k 6 al
drffereng% ?ﬁn@%%ggém ngleeﬁ}ﬁ%Ag %gg%%§%}&§§ﬁ @hgb§§§g@k§mhﬂ§aﬁaFWE¥
conpr essidata afbbh8TolloMeaid eseditai ivEloticpitsats dessy ivake akly ealicovTEes]’
superior conpression conpared to the prior art because substantially all of
t he dat a qoauuisgs the duapitdde sdicratieliffereage batweenrbe saéhand difthpdnta reseréss t he
data.record. . This is because the conpressed record witten to the nenory
102 égnpr?ggg the difference between the current record and the previous

record. Thus, tihe prReRss0N010kaganhigakdcedMUGR dhedhfly COMB’ QEShAN of
123456781234567812345678123456771234567512345676 and write a compressed
record to the memory 102 as F1234567802111281. This results in an overall difference
in stored nibbles of 23 (40-17) resulting in an overall compression of 58%.

20 The present invention as described above provides superior compression
compared to the prior art because substantially all of the data record is compressed
rather than only the identical portion of the data record. This is because the compressed
record written to the memory 102 comprises the difference between the current record
and the previous record. Thus, the processor 101 can realize much greater compression

25  ratios than the prior art where only a portion of the data record is compressed.

Although the above description has been shown where the incoming data
comprises integer values, it should be understood that the present invention is equally
applicable to floating values. Although IEEE-754 Single Precision Floating Point
numbers are used in the example below, it should be understood that IEEE-7554 Double

30  Precision as well as other standards for floating point data could equally be used.
Therefore, the present invention should not be limited to IEEE-754 Single Precision

Floating Point numbers. Consider the following incoming data comprising floating
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ratios than the prior art where only a portion of the data record is
conpressed. Although the above description has been shown where the
i ncom ng watalcsngri ses i nteger values, it should be une#eraiSowd/ostsat t he
present invention is equally applicable to floating values. Although
| EEE- 754 Singl e Precisjon Floating Pojnt. punbers are used in the exanp|e
bel ow, 1 USRI, o YT ner SopB0e ¢ Hllpe | eroHewad Bynite spavsislorexaditaPhl as

ot her st fl i i a T e,
the pr esgﬁ F%@%@lﬁ'onAgaﬁﬂﬁg Sglg'tu n%eb% I %ﬁ?lt%gig{et O%E%C}}SH S ng eal P‘?}gdg%f&{)n
Fl oat i ng Bpieséntn Eoripdits of Gonsy dede.t he fol | owi ng i ncom ng data conpri sing

fl oati ngnunbers, where the floati ng value is followed by the converted
hexadeci nmal rdpr eseh®@kd on. AP0B299t shoul d be appreciated that each

hexadeci mal ¢ act prese r bits of binary code. (1) 4.0218
40808%96 (2) g?%ZOfMZBBA%%?%NO 405AB021 (4) 3.1076 4046E2EB (5)
2. 8633 40374048B) (6)3.2170233 40QBsMMC1According to the al gorithm 200, the
first data record of the above exanpl e renai ns unconpressed and is stored
with a header (A) bbl®l®f6 ' F r4¥oEZEBti ng that the record conprises eight

ni bbl es that are u ressed h the first data record will actually
i ncl ude an adg(isfi o%g I bbl e foﬁgé ni bble) resulting in a negative

conpr essi on. 'IE@E progegsor 10 gangchen receive the second data record and
conpare it to the first data record. Upon conparison, the processor 101 can

det erlfi ne i n Aeprdig tohtte sligerithnk f20enbe fyett detenrctbiel o€ clondboeat @xampler d
and the first data record can be stored in | ess than the predeferm ned
nunber offCHRHIS| WCOMPreHey angd g rs@rr@fi &lﬁx pdcadgoHablstta Ty deBeactngc Bap s sed

and o5 iy ShLEEIPIER BCHESR 1S REERRY e, GESRLP AR Jhr =
ni bbl e, whhellyadedudé ngn t addicibhsl hibaer grades dibele) Stesuliiaga ini Bbnegatival | ow
and the data ni bbles represent the previous value mnus the new value. The
dat a ni bislogwprepgms J eproeessat 101 can then receive the second data record and compare it
15  to the first data record. Upon comparison, the processor 101 can determine in step 203
that the difference between the second data record and the first data record can be stored
in less than the predetermined number of nibbles (eight). Therefore, the second data
record is compressed and stored as the difference between the second data record and
the first data record as ‘D128F5C’. In this compressed record, ‘D’ is the header nibble,
20  which according to Table 1 represents that six data nibbles follow and the data nibbles
represent the previous value minus the new value. The data nibbles 128F5C represent
the difference, in hexadecimal, between the first and second data records.
The processor 101 can compress the remaining data records in a similar manner
where the difference between the second and third data records, in hexadecimal, is
25 137319 and therefore the third data record can be compressed as D137319. Similarly,
the difference between the third data record and the fourth data record, in hexadecimal,
is 13CD36 and therefore the fourth data record can be compressed as D13CD36. The
difference between the fourth data record and the fifth data record is FA29C. Because
the difference can be represented in only five nibbles rather than six, the fifth data

30  record can be compressed as CFA29C, where the leading ‘C’ represents that five data

nibbles follow and the data nibbles represent the previous value — new value. Similarly,
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the difference, in hexadecinmal, between the first and second data records.
The processor 101 can conpress the remaining data records in a simlar
manner whaoeotonsouf f er ence bet ween the second and t hi r @#cadiSacose8B6sls, in
hexadecimal, is 137319 and therefore the third data record can be

conpressed as, D1373 19. Simlarly, the djfference befween the third data
record antge tcﬁﬁerﬁae& Pﬁt"t‘.F&PathFefg'ffSI? dlata peeq aa@éﬁwétﬁié@tal 158 SPge%@f ore
the fourt > ﬁﬁ@ﬁg . The di fference between
t he fourﬁﬁmgg%gﬂ%%%g@%kgﬁgmpﬁ%&ﬁgQ{ at%éggggr I'S " FA29C. Because the

di fference carCheapteesioe o€ nhiesixi datondaprdd reprazettin e fostaidaimbianesilss, intdne

fifth data record can be corrpress%d as CFA29C, where the leading 'C .
r epr esentayetftheompiassigatef #hopbilés "ol It odn hsdanmeciatgd ghafi tsl less eeipeeddret t he

previ guz nrvgqlrﬁg d‘lffenre\ﬁllevﬁl y lfll’él?SI:‘:n 8% I%;rsblbéﬁ@grh ulqiccg{%e ?‘eg)rgésfeenp ﬁ”}emﬁi%%retn% rge.h&%egl data

S
recor Si xth data an ore the siX

record cCaRe REcHTRS:ARERIINAS k& mSresases ﬂdéﬁrdi‘ﬁ% th @nibodirA@td WHREO FiEhS
representing floating nunbers results in an overall conpression of about

12. 5% | trapamitver ddprasimtsediid Hiw nieesuregsnisoiwenverall eompiessids cdi fdepend t he

| ess nunber of nibbles required to represent .the difference betwee he
recor ds R {e iHUORS r Bt @R URBaGS: A AedBFtiity o oA HEL's Wiher o
the transpbihifined thd AAIMNdch MbbiflerhbAWIBASHY SFBAL Sne LBHRY.ET ®hbrefore,
conpressi on can depend on the frequency of the neasurenent. This Is
becaude, dtheughnr ethef rreomisamt of henamsasurcatsenyvill t merdass s thac biffeeaser dwemeenw | |
vary from one anot her. Therefore, although the nunber of neasyrenents wl|

i ncr ease, MEAETENGEL BN CRE FRIGHBISdRyataY s fhbles resplte Medt @wﬁﬁéaﬂ@?ser Ber

ni bbl es QEEMJE&ﬂﬂli” an overall increase in conpression. In addition to the
conpressi on “dI scussed above, the processor 101 can inplenment additional

steps in orderintadditivartealiecsipree1oR IS ais0d apevd, didm@dceRof | @RLANENFIERLEYT S .
These additional steps can be referred to as "munging." According to an
enbodi nerfddgfonahsteppvewidanto npeaps Jreeedyppresvan parormneh eat Boathe megabers.

o0 e AR S R 581 Bl S5 Saease o
subst ant itg lixvenfibhS tHeSpi®e8R6+ abl Yeahtechie fhieUbskt fi@WrisRRSHntIER A She fdata
exanpl e where the I ncom ng neasurenents are nore accurate than
record. For certain applications, truncating the least significant number may not affect
the accuracy of the data substantially. This is especially true in fluid flow
measurements, for example where the incoming measurements are more accurate than
20  required by a customer. According to the current Institute of Electrical and Electronics
Engineering Standards Association standards, single-precision floating numbers are
represented with eight nibbles, which, when taking into account the mantissa
component, represents roughly seven decimal digits of significant figures. According to
an embodiment of the invention, the processor 101 represents the data as six digits, thus
25 eliminating the need for one nibble’s worth of storage. Thus removing one digit can
increase the compression.
In addition, the standards set forth by the Institute of Electrical and Electronics
Engineers Standards Association provides that the sign (+/-) of the floating number is
represented in the first bit where 0 means the number is positive and 1 means the
30  number is negative. If the incoming data hovers around zero and thus changes signs on

a regular basis, the difference would have to be represented with a high number of

nibbles even though the absolute difference between the two records may be relatively
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required by a custoner. According to the current Institute of Electrical
and El ectroni cs Engi neering Standards Associ ati on standards,

si ngl e- preoi2sioosof2hoat i ng nunbers are represented w th ecghiS2e08lobi3es,

whi ch, when taki ng into account the mantissa conponent, represents roughly

seven deci s of significant fjigures, Accordjng.to an, enbo nt of
the i nveri® 05? GCELEHIE P ¢1ape g@ﬁf of thednyeptiong thegsign i Iap‘(%({ ES

el'i m natipg btegﬁnl@efé) QT er@NEF MeBRES S R dﬂ%ré)fev%hq ?t?eemcIQ: '&Qﬂgoéﬂa One
digit can Increas€ the conpression. In a t1’on e stan s set rth by
the | nstidigh eoﬁﬁmlﬁhel:}t, ruheaﬂepmdntEHemnmbén peockngidneerthe Siradekaodd 0Assogaldat i on
provides that the sig g of the floating nunber is represented in the

first bitchanes éebtlweléfnél tﬂ%enduﬁb@eﬁlﬁf@emﬁs ibefWeena GENSECHB¥Eh Jeedids ripwlbrba s
negat i isve. re%regénqu 'bﬁ gq; glb%%rs Ji‘f?es d}%‘tlona eﬁg@%@f}g%@ Eﬁftlé% rf)?&%ﬁsorsfn(ﬁns on

a regul ar erence woul ave

number ofcaﬁlreﬁﬂeﬁl Gl E‘ic&rﬂQH%aie@Qn%B elsRntisf the IdefieenKebRRBn Tré't%r&ls\/\@hn
records may be relafivelysnall. Therefore, according to an enbodi nent of
t he inverheireprescﬂtedbyé@rwq:rsnlbrbleed fromthe beginning to the end of the

record. Theref the inco data ¢ s Si. onti nuous]y, th
Fapr esent ed. nusBEeB BEabext BTN FdsBeth RO TRIG e AR GEoRs it e y
little andy taﬁ‘é’o @écfohﬁfr@s@ocﬁe P&IoY‘d‘seélo&‘aﬂﬁQHélFﬂeYﬁor&Q@)Qr q§ec%9&eﬂr9ssﬁﬁ‘1 EBPERENt ed
by fewer nibbles ese additional steps performed by the processor 101 can
resull0 i rsimilgnprocedumes amﬁeeamessmn@dmthﬁslﬂmmsortdlsetmted frethe moembigt e n

records can be represented by f ewer bl es. Al though the aboye di scussion
f ocuses dﬁaﬁﬁaﬁ%{ RBrassesesh fox HeVaﬁlPB’cé EeRsong N ahlﬁrgﬁtg)é% & PBHUeY sTee

records r |
b ocedur deduE iy ¢ Qﬁp?@@.o‘éﬁﬂ% soiRARCRERR Mie PR B 168 58h Tk begin
102 may neét bagilEn@of arsecorioandav@kd eich rofordeag@isiaind therefore, the

particular record required may vary. If all of the records are required,
t he processor Ingemeastugiion fowsgr.modnlliéhpegordsinegd 9 be ﬁecqseqﬁoatdmcanaf

Fecords nd® £ e Bl dEit 3 ol PR R LS B P lopalfind el 101
can accesgcdras afdiequiedl Gitbehte frédiifed estds favd MenyHibg Nthe §r6¢dSordl 8 must
required. Once the required records are identified, the processor 101 nust

find the previously stored record including a header nibble that signifies the data nibbles

that follow are uncompressed. For example, if Table 1 were being used, this would

b

correspond to header nibble ‘F’. This uncompressed record is required because all of
20  the subsequently stored records, including the required record, signify a difference
between two consecutive records. However, without identifying the previously
uncompressed record, the difference may not provide valuable information. Once the
uncompressed record is retrieved, the processor 101 can continue to decompress
substantially all of the records that follow until the required record is retrieved and
25  decompressed.

It should be appreciated that the sequential access routine discussed above may
be adequate in situations where the number of records required to access in order to
decompress the record of interest is not prohibitive. However, there may be situations
where the number of records decompressed requires an excessive amount of processing

30 time. Therefore, according to an embodiment of the invention, the processor 101 can

compress the incoming data according to the compression algorithm 300.
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find the previously stored record including a header nibble that signifies
the data nibbles that foll ow are unconpressed. For exanple, if Table 1 were
bei ng usewp 20twesowaul d correspond to header nibble 'F . PChitGs2e080813p3 essed
record is required because all of the subsequently stored records,

|nclud|ng the requjired re ord, signify ence bet en WO nsecutive
recor ds. ne G hisPic Q@WW% et egé(blﬁléartyc% %eee@ o6 o

the di ffgs&&eom%ng&ﬁp&ﬁ & M ALHPRYF T OF TR 1iR0ensfdAC fﬁbe c%ng)@égg{&lssed
record is retrieve ocessor can continue to deconpres

subst ant iagdrithal 300fs palmeculmyau@a?ul maditubtibhOwheiret the nﬁdmenngqlutar dabsmecon i s
retrieved and deconpressed. |t should be appreC|ated that the sequentlal
access rdiit M&mﬁie@lawnab&}es @W be g dgueenles wheigathe graspriésrel Q4h
nurber, Ofrefayf %?omhaqilg)'nrtﬁgt 1871 %(fy st?t‘heoorrdsegmlts?%a%% s?%r ero% exavg%) %d of

|ntergst ere’ na tUations

number Oftre{rﬁﬁ@ﬂ’té?fsloiﬁ%omlﬁ&ﬁ@@ ar 86 BRr Ah@X ¢8RS FlVE iAMeWnig af aWeQ@ﬁ@@' ng
time. Therefore, according to an enbodi nent of the invention, the processor
101 can conpiRes gowheate, nibeninpemiteet ﬂowctmsdmag na difffer @tgmﬁ@@slwonThmgﬁm,t hm

300. FI G shows, t h Si orlthn1 hat can be t he
pr ocessor I8N B A TLGER, CCnI HER ¥ ARG RVERE SR TPR Gl on

al gori t hn, dQQin g%e@@rﬁtdaﬁﬁb%é YopRkdd éd&o?dlﬁg'% HRNS YRGS 20he Th@ca@gernﬁmdat a
does not vary By a significant anount. This may be“true I n exanplés where

t he tlDansi0t ctaerprmlﬂelhaght ed)mpremgon rrﬁtmmsm;t 1ihe rdiffb@hcé betweea cohsmdiive tatoedsor

sem -steady stat r exanpl e nsmitter 104 is coupled to a flow
met er vvherFl%Vi’ b? 36 iTEPRF U § Ya% | bRlshs tR e ol TRAY ®roviehe

i ncom ng nr%&%‘{%s S J1uPR é 'agéer‘qfnfe%sqgn aca}Q}rgey volf¥ed e&”r@c g@eﬁﬁs{m&e be a
| ar ge nunber of I 'ncom at Tat® carr be conpr essed befor

i ncom ng deeempﬁbsgahﬁpbrdlee t@emseslseefbcaf&@f ditergstt OThélelg@hgﬁﬁliolom\%%bm&he

al gorithm 200 can provide high conpression ratios as the difference betmeen
consecut it p@b&ﬁi@sbmym@eﬂ%llecqmln@ermemSeg%rbﬂtedOﬂogiata toow basalieg regord.

bbl g t bl d wh
ar gdSvo SRETURE o by HROARIERYE o G ShFPETR. O HRBp SRR TRRLEEPHE o o
of i nter gkt rebbRcalr8@ri! i XARpRY e HOMR Er, tthid 5a§éﬂ1‘ﬁ@|r€éﬁr9>fné596@%ﬁy REcdiRgom ng
records of bits of data to a baseline record

record and is not limited to the first received record In addition, the baseline record

may be a value set by the processor 101. For example, the baseline record may
comprise the average value of all of the received records.

20 The algorithm 300 starts in step 301 where the processor 101 receives incoming
data. The incoming data may be in the form of bits of data as discussed above in
relation to FIG. 2. According to an embodiment of the invention, the first record may be
stored as a first baseline record. The first baseline record can be stored in a similar
manner to how the first record is stored in algorithm 200. Take for example the

25  incoming records used in the discussion of the algorithm 200:

(1) 12345678
(2) 12345678
(3) 12345678
(4) 12345677
30 (5) 12345675
(6) 12345676
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According to an enbodi nent of the invention, the baseline record may
conprise the first received record, for exanple. However, the baseline
record nayohkelsasyozaecei ved record and is not |imted toPCmaISkeosssi3secei ved
record. In addition, the baseline record may be a val ue set by the
processor 101._ For anpl e, e haseline rec nprise the average
Ul ue of al | ofhe i recgyould aggh St?wé%ﬁgb%‘&%ﬁﬁeme@£ lélgicﬁteét éﬁt 301
where th [ ng data. The incom ng data rmay be in
t flé%n{ ata' fOft 9 g y
t he formeé1 gﬁ?§§§§ Iﬁ&g ?gcﬁggeg&;bove inrelation to FIG 2.

According to dn sesp3id, mmoéssmheon cunedvinheite tHeh@irfeint d4taresed do tirybaselist or ed
as a first baseline record. The first baseline record can be stored in a
similar rigetidr Ths ol eondrast fostheradgerithm 30G1whish comPpargohF CHFEROECOTRe f or

exanpl.e t n d in the discussion of the algorithm 200:
(1) 1534%@% ?%?miegg%eé%g %éf’gofgmses?s (4) 12345677 (5) 12345675 (6)
12345676The fihstep RB0HE siotdsdod DR sl t&hhed B8 dFi23tR0e8wesBE @urrbnt

i ndi cates that eight nibbles of unconpressed data follow. In step 302, the
pr ocessorred@d mtlmohwﬂlee trheordueanehe rdpieacnted dydtheopretetetaietl i manbascaf d.

This is in ont the al 11 hm 200, which res the current record
Lo the i iRta: ki) <o SeROREPRAbt SRS Plgo S6B U HENSE denSutint ferprd i

det ermi neco'rﬁbprEJ%ﬁd di ftﬁ@&ﬁ'fb?éhc@%‘f@é‘éh thRQubdhf RRbrd SEPIR t@a@@hﬁ&f’ec@ﬁﬁ eif' di'le
record can be represented by the predeterm ned nunber of nibbles.

can, l0he the othes domnd, 1Bd agovdriinuesthoprocessired) 1304 svdrertlee ¢ureent ueqoedbs aexewr dis
conpressed s the difference between the current record and the baseline
record. Ibas‘gﬁletl}%orétlﬂéwphgéﬁd the answer is no, the processor 101 can store

the current 1 % 366 3h8n {é@%&’r' fdledétg Elgs ;ﬂhﬁ dﬁ‘@viﬁﬁéﬁ s#c&e?tﬁg&rgqg thd Ne

processor 101 et rm nes | previ ou ored recor
last record, if yes, the algorithm 300 ends. If there are more records to be compressed,

the processor returns to step 302.

15 In the example of the six data records above, the second and third records would
be compressed in the same way according to the algorithm 300 as they were compressed
according to the algorithm 200, namely, the second and third records would be
compressed as ‘02°.

The fourth record, according to the algorithm 200, was written as compressed

20  record ‘11°. The fourth record, according to the algorithm 300, would also be written as
‘11’ because the difference between the first baseline record and the fourth record is still
one and can therefore be written using one nibble.

The fifth record, according to the algorithm 200, was written as compressed
record ‘12° based on the difference between the fourth record and the fifth record.

25 However, according to the algorithm 300, the fifth record is compared to the first
baseline record. The difference between the fifth record and the baseline record is three
(12345678 — 12345675). Therefore, the fifth record would be written as compressed
record ‘13’.

The sixth record, according to the algorithm 200, was written as compressed

30 record ‘81°. However, according to algorithm 300, the sixth record would be written as

‘12’ based on the difference between the first baseline record and the sixth record.
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| ast record, if yes, the algorithm 300 ends. If there are nore records to
be conpressed, the processor returns to step 302. In the exanple of the six
data recowO0850e4 the second and third records woul d peTasWs®8B6ed i n t he
same way according to the algorithm 300 as they were conpressed accordi ng

to the algorithm 200, n |y, the second and third recqrds woul d be
conpressed as In?flze .exqtﬁglaef%wahﬁlﬁé@mpa?sswﬁlailﬁ&lﬁt Wthgorgqogﬂa afaoralﬁlalr@@o,lt was

witten . B § d, i t e
A gor ¢ hr SGETDY, SEPSCI ACRAE dis Mt nd2 Y HPEREREC 11 REE B il R
bet ween tdoatifesly beagling 4 eegicddiagtdiohhéorfexuaniple, it teridcomingt ddth iorsengnd
can therefore be witten using one nibble. The fifth record, according to
t he al gorthethfhoelporiftys IN0j Mg MoAPrevdprassyaeh cappresstonnas thgsdgorgthn ga0.

di f f ecencg..be n the fourth recor nd_the fifth rec. . However

accor d ngt g 1 Hcagofe: ST a REOHRT PRy Ml Tt ciBb I8 e oo
basel i ne diffeRnde bdicHithé ESRRE BBl MRRRedsBE ahd filibiRERE decdid thdhewbaigedd ne
record is three (12345678 - 12345675). Therefore, the fifth record would be
written asqunithbfasspesersory de' differente desioannthe geonrd, beaig cppragsedoandhehe
aIgorithrnZOO{l mas(ﬁwitten as conpressed record '81'. However, according to
al gori t hll"806"° t98"Si xth record would be written as '12' based on the

di fference betT’l‘f‘eeE'd\Ialﬂﬁagfe' toSthe bﬁﬁ@rﬁthﬂlesd)@%%ld t@nﬂgBhﬁllﬁ 9bMis eLIRsd- d&iﬂ%"e
exanpl e above, the conpression fatio Is the sanme for both algorithnms. "1t
shoull@ belcapmpessianeRdthat thhhiraquatihg doaimadeways obell tdfehe aerdsl bettvien the
incomng data is continuously changing, in a single directiaon, for exanple,

i f the i nESMEMYAesses seqor %,thetrﬁewr%@ecalrdg%%mﬁhﬁﬁ%@@tﬁ@ﬁ&heﬁ#gﬁﬂtﬁ@ as
much co SS| -1 he qor. 04,» THi S1:d u t g

recordsnﬁg@ ?25ﬂf§§“%%rggkf ‘%%gﬂﬁé?ﬁgﬁf%§§H%é€?§ﬁ§i%ﬁ%ﬁgﬁégaﬁg%ﬁgéﬁgghe
record berdforra@npsas I6dhanik tRembrRs&icbr® peted itvan, WotHedfilR reesrdi week f or
representing the difference between the record being conpressed and the
previ ous reedisrdito ttnéecaanpntsadethe predeesarl Igdrveorith oo todeeompresafigoriaonin 200
|5 183l 26d,durd ng. deCOND £ Qi RALAF LoD Bk SHLHAMD TRRORESRS) 960"

al |

—

However, according to the algorithm 300, in order to access the fifth record only two
records need to be decompressed, the first baseline record and the fifth record. Thus,
the processing time required to access certain records may be substantially decreased
according to the algorithm 300.

20 It should be appreciated that according to an embodiment of the invention, the
baseline record does not need to be the first received record. Rather, the baseline record
may comprise any record. In addition, it should be appreciated that a new baseline
record is required each time the difference between the current record and the baseline
record cannot be represented by a predetermined number of nibbles. Therefore, within a

25  given number of data records, there may be multiple baseline records. When accessing
a record during decompression, the processor 101 only needs to access the closest prior
baseline record. Advantageously, the processing time required to decompress a given
record may be reduced. The algorithm 300 is especially useful in situations where a
user/operator wants to access specific records without the need to access all of the

30  records.

The invention as described above provides a method for compressing

sequentially accessed records of bits of data. The invention provides an advantage over
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first unconpressed record and the required record as in the algorithm 200,
the algorithm 300 only requires deconpression of the baseline record and
t he requiweaoriser2d. Referring again to the six exanpl epceaseas/opr3eyi ded
above, if the fifth record were required to be deconpressed, the processor

101 woul d. have to deconpress five records. (1-5) in order to obtain the
deconpr edBe PricE Bt 8y WHENG A 6P PgS o acREd é@ g%%m?lwn{e@men%é% ,lfff]%{ew di ng

to the ahgorhdfe3Q0ent H'ather?o][rdtaﬁd%%%‘é d B4E rEddrbh fh%&%%ﬂned)@a}t%{tr dd rds

need to be deconpressed, the first baseline record an record.
Thus, theopipessé tgmedirely popiicetly techeddat esidairrit g aodprivay Hageline
substantially decreased accordin% to the algorithm 300, It should be

appr eci atdée teeard Reoouiln geach cdn behBednesestardy thadmmediaely giiortigeordaskl i ne

r ecorg errgegt% f %%sen?heedgclg]rgprbe setdh%pgt%dag%%érﬁfe%iav ﬁ%fe{rgrgc%g%t\ggﬁ t&g% ’r?éoqgs ?%ﬁgrl i ne

recor onpri se recor i on, préecra t hat

a new basghi 88rih8aAUAcOHBPFRM pStlofdE thel debBrdithe: dlFfbfsei @NGRRRE YROR] b
current record and the baseline record cannot be represented by a

pr edet er theepriorumper Advanthbpdansly, Ther efasert, imicanbion aaryirealzenundidy gnéateat a
records, there may he | tipl asel i.ne, records. Wien .accessi a,record
Gor g dSEOERSAE! sHtos Piah psld dEotalight S 1E Reiadt ovhce ool de hngeats
prior basgliing §ae0sds aRd\Ragegus! y, the processing tinme required to
deconpress a given record may be reduced. The algorithm 300 is especially

usef Ul i n sit UEtd mesntidrealso prardéey fop enatfHicienamethddofoadeesnpiepang thadatecor ds

wi t hout the need to accegs all of the.records.. The invention as.described
above pr oVF@ESNg toefRotmpetimeahiie s Hy cBlgle MG AOSESSREcARE N, CBHHS dof

012, o IR PLRen A0 AP RSN LIy B,

the curr aeRkiréd@irécoré@ad dhangcampasontrddatd raeording Thensgeprehbddimentedy d
may conprise the imedi ately previously received data record or it may
conpri se mogrsse | Hecatatdanti®copeevirusly gasdyuncenwiressed rengrd, iveh ge adwseliid vy

(1 BTE L by B AL SRl DB B ARG oo
ncorer sesed, i gt Ry ot L i etskagoui edigage
gr eat er descriptions of all embodiments contemplated by the inventors to be within the scope of
the invention. Indeed, persons skilled in the art will recognize that certain elements of
the above-described embodiments may variously be combined or eliminated to create
20  further embodiments, and such further embodiments fall within the scope and teachings
of the invention. It will also be apparent to those of ordinary skill in the art that the
above-described embodiments may be combined in whole or in part to create additional
embodiments within the scope and teachings of the invention.
Thus, although specific embodiments of, and examples for, the invention are
25  described herein for illustrative purposes, various equivalent modifications are possible
within the scope of the invention, as those skilled in the relevant art will recognize. The
teachings provided herein can be applied to other storage systems, and not just to the

embodiments described above and shown in the accompanying figures. Accordingly,

the scope of the invention should be determined from the following claims.
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conpression ratios than could be realized in the prior art where only the
identical portions of records are conpressed. The invention al so provides
for an efwocoemtsooret hod for deconpressing the data. Acc@®cuiusgoososen3

enbodi nent of the invention, the processor 101 can identify a previously
stored quggﬁggzsed record and deconpress the records stored between the
desired r nd the unconpressed record. According to another

enbodi menfy Jifif: Processor 101 can identify a previously stored unconpressed
record, such as a baseline record and obtain the desired record based
sol el y onl.t he Ahdaelstérege ardiod, cdhprisiapaihd edpdescri ptions of the above
enbodi nents are not exhaustive descriptions of all enbodi nents contenpl ated
by the i nvent deeciviggiieliii €ap reqond asd apleasi sepnd dafe oBH. | ndeed, persons
skill %d i n the rt%lvr\fg:tfﬁ% f" %89‘[@1'1%(?01‘&1 t@&hqcsee%ﬁd @atglrgcm? asndOf the

above~descri bed onblne or elimnated to

create furthercoiph 1’{.@[’%%ecoilldeHawf‘eJaofdestei"@ﬂe@éﬂ@@%ﬂ%ﬁq&h& fikdt datat dbdrdt he
scope and teachl ngs he invention. It will also be apparent to those of
ordinary skill in tand the seaohdidatahreceridove- descri bed enbodi nents may be

conbined in whole or in part to create additional enbodinents within the
scope and teachings of the invention. Thus, although specific enbodi nents

of, and exanplgg {4 stoH%% theMEMLF ﬂalrﬁrleﬁﬂﬁ{%? Eb&%ﬂsﬂﬂ@tﬁé &ef) af trhh&éiﬁfgr@t Ive
pur poses, various equival ent nodifications are possible within the scope of

t he ilfventasvrignéscanhde@ afkhé bednd datahrecordlperoaind therstepf donnmressgng.ze. The
t eachi ngs provided herein can be applied to other storage systens, and not
just to the enbodi nents descri bed above and shown in the acconpanyi ng

figures. Accorgi ! hed from
the foll ogsm ng ﬂﬂ@%st&%@@&%&g?é@%qlfﬂﬁg {)8&1 llﬂg%éjStQ tﬁﬁ}é)%@gorrprl si ng
the stepgiftiver@eRpmivedindichiing Higafrémrac@ithian df fic ﬂreta@ttha askaandcsiat a
record; conparing the first data record to the second data record; and
conpr essida renerkecormmddiitae fee6ewrds a difference between the first data
recoqg and the second data record.

4, The data storage method of claim 1, wherein the step of compressing the second
data record comprises the step of:
compressing the second data record with a header nibble and one or more data
nibbles.
20
5. The data storage method of claim 4, wherein the header nibble represents the

number of data nibbles that follow.

6. The data storage method of claim 4, wherein the header nibble represents

25  whether the second data record is greater than, less than, or equal to the first data record.

7. The data storage method of claim 4, wherein the one or more data nibbles

comprises the difference between the first data record and the second data record.
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2. The data storage nethod of claim1l, further conprising the step of
truncating a least significant digit of the second data record prior to the
step of cwopressiarg. 3. The data storage net hod of cl ai BCT/USRansBBH3
conprising the step of noving a positive or negative indicating digit from

a beginning of the first or th t. | eas econd data record_to an end of

t he 3ata8rgcoer?e tﬁa.ta q*ﬁéag&a{l%tﬁgfef%gn %Lr@@rss@m@rlé}%t estgp@fein the step of
. ! ' _ . D

conpressing t%‘?o@?%@‘éﬁé’g%ﬁda&aefe%fh Wﬂgnﬁéd tAfe SRRl hERB] g:%sﬂr&g the

second data reco t eader ni one or nore data ni | es. b5.

The data storage neiarogtcofd adahesdcondhkeeienotdenheastereprdsbinke byapr esent s
the nunber of data nibbles that follow 6. The data storage nethod of claim
4, wherein the headé?dﬁﬁlﬁbpédﬁ‘é@b@fs‘éﬁ”ﬁlbb]\%et her the second data record is
greater than, less than, or equal to the first data record. 7. The data
storage met hod of claim4, wherein the one or nore data ni bbles conprises

t he di f f ey encerledameaorddaendthbd bf elatia 11 agtHed compritig thesepdodat a record. 8.
The data storage nethod of claim1, further conprising the step of: storing

t he second datsattingdbe dirsiretnscesissd bascliperedofd; enénce bet ween the first

data record and the second data record nnot be represented by, a
oredet o mi ned nuRBEPIGHE HasEIusEUY gceivid dilt Fecordstdhe RREHRETS I ai m 1,

further conprising the steps of: setting the first data record as a
basel i ne record; and conparing subsequently received data records to the
basellOne Iecorthe ddda stohepedatthod bbclage 1mhtrted cofpdkiagthd step of wgmgaberpr i si ng
the step of witing the conpressed record to a nenory. 11. A processing
syst em ( XOD)PreseAFEGosd HyR MEMory (102): and a processor (101) confi gured
to: receive a first data record and a second data record; conpare the first
data record to the second data record; and

11. A processing system (100), comprising:

a memory (102); and
15 a processor (101) configured to:
receive a first data record and a second data record;
compare the first data record to the second data record; and
compress the second data record in the memory (102) as a difference
between the first data record and the second data record.
20
12.  The processing system (100) of claim 11, wherein the processor (101) is further

configured to truncate a least significant digit of the second data record.

13.  The processing system (100) of claim 11, wherein the processor (101) is further
25  configured to move a positive or negative indicating digit from a beginning of the first

or the second data record to an end of the data record.
14.  The processing system (100) of claim 11, wherein the processor (101) is further

configured to represent the second data record with a header nibble and one or more

30 data nibbles.

19



conpress the second data record in the nenory (102) as a difference between
the first data record and the second data record. 12. The processing system
(100) of wbabnmwikig24wherei n the processor (101) is furthecTasedosgsresl t o
truncate a least significant digit of the second data record. 13. The
processi ng system (100) of clajm 11, wherein the processor, ((101) is further
confi gur é?i-t o HsRIogess g st P%@%@ﬁwéii WheteH @ﬁ@leﬁe@inﬂbw EHTESBBgi nni ng
of the fi end of the data record. 14.
The pr ocetfslg?lﬁlgl%gl;éf%ar?ng?%&ng?ﬁec{(gﬁ%e%fgq\%ﬁggéi n the processor (101) is
further configured to represent the second data record with a header nibble
and one or nore data nibbles.15. The processing system (100) of claim 14,
wher ei n tie hekipepropgssigsypiepr 98hokclate lduwbereinpine digader e eepresentshe

neader i b g bl BB RER R TR o sl § P el "

| ess than, or equal to the first data record. 17. The processing system
(100) of claim 14, wherein the one or nore data ni bbles conprises the
di f f er enclé. bet Weaprotérsingi systendd08) pedemd 1dndhehin he oondr datra daaobhles 18.

The processi ng syst 100) of cl ai wherei n the processor 01) is
for e herC Enmties U Glebr betbiest B BhEduaracabt hRhrs Fherds Y 1o

di fference between the first data record and the second data record cannot
be represented by a predeterm ned nunber of nibbles. 19. The processing
syst df (1®X0) OJFhecpracessibl, syvhear @i0f) dhdajn ¢ ¢ ewharin thd prodessdrit @ has frdhndri gur ed

to set the fiirst data record as a baseline record_and conpare subsequently
recei ved @a{1guIcEdp stnse the erRenb xR reGeed pagaspRressed if the difference between the

first data record and the second data record cannot be represented by a predetermined

number of nibbles.
15 19.  The processing system (100) of claim 11, wherein the processor (101) is further

configured to set the first data record as a baseline record and compare subsequently

received data records to the baseline record.

20



