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OFFERI NG EXCELLENT DATA I NTEGRITY  FI ELD OF THE | NVENTI ON The
present invention relates to a nethod and system for high ir%e\gr‘it% ~ ﬂ <
conpression of data and nore particularly to a nmethod and systemg.or

i npl enenting a data conpressor/deconpressor, host interfacing, and data
integrity checking chip or conponent V\:hli ch can provide the requisite data
integrity at the appropriate cost over a range of data storage products or
subsyst ens. BACKGROUND OF THE | NVENTI ON Dat a conpression, for

exampl e for nuRXEHIsh®. SysHRfs délg SHTNAND DABRELSW digipisers. It is
vital to insure at &%‘Fﬁﬁﬁé%é‘ﬁ 3 E%%‘Aomﬁqlﬁgﬁﬁhi\% retrieval and

deconpressi on operati ons, are carriedout est integrity,
so that the original data presented to the systemfor archival storage can
be retrieved correctly. In other words, the information witten to the

st or age LI OK K&k NI 1 ect conpressed representation of the
original data. -Simlarly, when this stored information is retrieved and
deconpr essed, Thepmsehbinvdntien nelateddbtd metiod aud systenk for bighdaetegtityi ng t he
deconpression. Simlarly, any transfers of information fromone part of

t he syst epnipressi®i bf Hatr altlifdope ipagiailariy foa naéthod andtspstent frg impémentiapoul d
not introduce-errors. Providing high data integrity is a problem

particul gr f il d@ggm" ineres ; &%%s&n and
stored i g %%&Pu%ﬁ%ﬁg@é unc aﬁeﬁr?tts‘%ll?lﬁfsgt Ig us@%@gg%gﬁga@aanp ofl such
Systems %5'%0@;50%%11% %%&1 I:énngpc%'ic?é th%a}e%[u%gtg%ﬁﬁg ﬂfggrity at the appropriate cost

over a range of data storage products or subsyétemsu

BACKGROUND OF THE INVENTION

Data compression, for example for archiving to a tape, is increasingly
important to users. It is vital to insure that compression and storage operations, or
retrieval and decompression operations, are all éarried out with the highest integrity,
so that the original data presented to the system for archival storage can be
retrieved correctly. In other words, the information written to the storage medium
should be a correct compressed representation of the original data. Similarly, when
this stored information is retrieved and decompressed, there should be no additional
errors introduced during the decompression. Similarly, any transfers of information
from one part of the system to another or buffering of information within the system
should notintroduce errors.

Providing high data integrity is a problem particularly for "high end" systems,
where the data being compressed and stored is valuable or fundamental to a user’s

operation. Example of such systems are large scale financial data processing



2 applications such as banking or credit card processing. Users who nust
store such data are willing to purchase nore expensive systens in order to
ensure greater integrity of their data. Al t hough error correcting
codes are a conventional nethod of ensuring errors are not introduced into
the data, these codes are inappropriate for providing integrity during
conpressi on and deconpression. |nstead, such codes are primarily wused to
account for other sources of error, such as defects in the storage nedia.
Consequently, nost error correction codes are nmerely appended to and based
on the d@pdcatignst such asHmnking egereditdiaad phsceasings Wsers whoanusirstore swhe t o

occur in the data conpression process, an error correction code will be
formed usiatg atdreiiling ao RGthase ANDFLSGRAsIVE k@t iDBrdethe afstfy gh&ect i on
code will preserve this error as it is witten to and subsequently
retrievednidofiy biehelt @a@9e Medi um One conventional nethod for

providing high data integrity is to build a separate data conpressor and
deconpressor. Jhese.c then operate at the sanme i_me he data to be
stored is pr Oﬁfg@cgughogﬁ%c@g%@%é%cfesweg ng?mé‘ifﬁtl@?ﬁ’thﬂg Oztﬁ?éﬁ’éﬂﬁ SIEOI§yj | t
on this data as it passes intgathe conpressor. As the conpressed result is

out put f A5FueharEeduredJuty the datasthess godespiednppnmepriate fsguepidiegor and to

the storage medium such as_a tape. The deconpressor reconstructs the
ori gi nal inftggrity dyging pempeessiont andodecompression Instepd;tsuch@odes ere priompilgssor ,
it is discarded. However, a sunctheck is built on the reconstructed data. -

Thi s decased ¢s aosout fOF beltds sotrdes of eprurpauchchsvddfbets i ithé ERFE Medid.0i nal
data fed into the conpressor. |If the suncthecks agree, there is a very high
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data input to the storage media. As a result, if an erTor were to occur in the data
compression process, an error correction code will be formed using the incorrect
compressed information. The error correction code will preserve this error as it is
written to and subsequently retrieved from the storage medium.

One conventional method for providing high data integrity is to buﬂd. a
separate data compressor énd decompressor. These can then operate at the same
time. The data to be stored is provided to the compressor by a host system. A
sumcheck is built on this data as it passes into the compressor. As the compressed
result is output from the compressor, it is provided to both the decompressor and to
the storage medium, such as a tape. The decompressor reconstructs the original
data. As the reconstructed data is output from the decompressor, it is discarded.
However, a sumcheck is built on the reconstructed data.~This-decompressor
sumcheck is then compared with that from the original data fed into the compressor.

If the sumchecks agree, there is a very high probability that the data integrity has

been preserved throughout the compression/decompression process, and- the system



3 can proceed to process nore data. Note that this conventiona
systemcould al so be inplenented using a buffer. Different sections of
this buffer can be used to store data in different states. For exanple,
one section mght store unconpressed data as received fromthe host over
the interface and anot her section mght store conpressed data which is
awaiting being witten to the storage gedium However, such a schene
usual ly includes error checking to ensure that the data is not |ost or
corrupted during buffer storage/retrieval operations. In addition, checks

must stil 'caﬁ%r%ééf{ﬂ%c%% ggg'ahga'ssi on/ deconpr essi on operations, to ensure
I'ty. t

their integri ough the conventional system as descri bed
above does ensyre, dat integrity, it is rather expensive and only.a
relatively snaioHURBEHIFORTHoL petiT oarls Hin,ic PuATeciad mei 4 Rutfer.

si mul t anequg, conpr essi on/ deconpressi on capability is, only required by this
cl ass of &%mt se¢Heng ghthip g“?: FL&21 gF ‘Fﬁ‘gt‘aﬁf&ﬁ* et in %F? tegabability.
As a result, a highly integrated and specialized chip is required for a

rel ati vel gxample, singrascion anight stome unpemprgssedednta iag segaivadafromn tha hestsovare
reluctant to produce such conmponents in relatively small quantities.

At the "l qie ntdrfacengd apbtidraiectibn neight styrd commpressedi ddte meiich & Awaitingn
prevails. Although data integrity is still desirable, the prices of such

Storage s yaifyRritief r@tﬁggrt&%pg medHi. ERIMSEr, SholP ¥ StRERe 38LAllY M AR! el

magni t ude g systens. Because of t cost of the

conventional .chip describe bove,. it cannot be sed.in these products. In
addi tion, © W%&?@ﬁﬁl?)@?gﬂie a?‘ﬁi‘émg"%aﬁ?m’@% rbt“genb“ ft erf ace because
only one host is attached. , - Accordingly, what is needed is a system
and” met hodtarage/petsigral; opprations I addition, checks must still be performed on

compression/decompression operations, to ensure théir integrity.

Although the conventional system as described above does ensure data
integrity, it isirather expensive and only a relatively small number of such systems
are expected to be made. A simultaneous compressién/decompression capability is
only required by this class\f)f product. The same is true for the dual host interface
capability. As a result, a h:ﬁhly integrated and specialized chip is required for a
relatively low volume product. Most integrated circuit manufacturers are reluctant to
produce such components in relatively small quantities.

At ﬁe "low end" range of such storage systems, a different situation prevails.
Although data integrity is still desirable, the prices of such storage systems are much
lower. The number of systems sold is orders of magnitude greater than for high end
systems. Because of the cost of the conventional chip described above, it cannot be
used in these products. In addition, the low end systems typically require only one
interface because only one host is attached.

Accordingly, what is needed is a system and method for providing low end



4 systens with a conpressor, deconpressor and single interface, using
sinpler and |l ess expensive circuitry, while ensuring the data integrity of
hi gh end system ldeally, this same conponent could also be used in the
hi gh end systens to provide an equivalent or better data integrity |evel
than the conventional solution. It would be desirable for the conponent in
hi gh end systens to include an option to provide multiple interface
capabilities. Low end systens could then benefit fromthe | ow cost of such
a conmponent, with the high end data integrity as an additional conpetitive
advant age ' I et tyfs €.,k t
Saysvtén?{:wﬁﬂda 5%’3} ?ggop %cgn%réé},op QH{?Efé}glael 1%19%}?40@ u&ﬁﬁﬁ'ﬁmﬁ%"r #nd less

associ ate manufact uri g econom es o or the ch” hi gher | ow

end system chip volunes. . The presepnt inventio (o J
SUMVARY CPRRENPERRT il enfirbiclis QT B 2R SRt BeRAF s ana
system for providing data_ conpressigon with high data integrjty. In one
aspect, t ??én%ﬁﬁmﬂéﬁﬁc%‘iflétaéfiﬁngﬁdﬂsﬁ‘élén the #‘Bhsacn%i e IOPT ogldsee%’bnd
interface and a storage neans. The nmethod and system conprises first

conpr essi eqtidalentrpr bettep datreimegitydpval dhen theeonvertenalmolittion e Ihweould jpe
storage neans. The first conpression/deconpressi on neans conpresses data
provi ded Hégirable féd thet compSidmrde HHgll efdé epane sshehulizt #n bptionttbeprovidege
means. The first conpression/ deconpression neans al so provides a first

data str eﬁi@}%é@%téfféﬁ%ﬁﬁﬂﬁi&!?iﬁ%‘ ér*&' insCRUR] H8ShchetR FAOH the low cost

conpr essi on conpression neans coupled to the second i1nterface and the
storage neans, The second .conpressiond deconpressi on S resses data
provi ded 9?%“% cg@ggﬁgng ivﬂpbﬁeaggia?ﬂ# g%@dﬂ%gﬁ S"&%g&@”ﬁ’?@%@?}é’%ﬁﬁg’ﬁage
means. The second ) :

advantage. High end systems could also benefit from the lower costs associated with

manufacturing economies of scale for the much 'higilxer low end system chip volumes.

The present invention addresses such a need.

SUMMARY OF THE INVENTION

The present invention provides a method and system for providing data
compression with high data mtegrity. In one aspect, the method and system inclade
a first interface, a second interface and a storage means. The method and system
comprises first compression/decompression means coupled to the first interface and
the storage means. The first compression/decompression means compresses data
provided via the first in;cerface and decompresses data from the storage means. The
first compression/decompression means also provides a first data stream. The
method and system further comprises a second compression/decompression means
coupled to the second interface and the storage means. The second
compression/decompression means compresses data provided via the second

interface and decompresses data from the storage means. The second



- 5 - conpr essi on/ deconpr essi on neans al so provi des a
second data stream Each conpr essi on/ deconpr essi on
means is able to nonitor both the input and the output of the

other via a common shared interface to the storage neans. The
first conpr essi on/ deconpr essi on neans nonitors the second
data stream and conpares the 5 second data streamto the
first data streamif the second conpression/ deconpression

means is a master device. The second conpressi on/ deconpressi on nmeans

nmoni t ors ftbpression/decompression rhédmStaldapfovides acdecand dapnfpeas. theehf i r st
data streamto the second data streamift the first

CONDr eSSi RBARFRERIBH/ESIrPPrcIRER dansiS abIPR RbnHEVHSE- the input and the output
In anot her aspect, there is provided a nethod for providing high integrity

conpr essi o ol Akt éo?%f’ %%i%gg%.éﬁ%%gtggﬂgs%ﬁgé ofdans. The first

(a) performng irst e

b) storing the-first error .check; . rovidin
Lhb darn CUTERCSIY Qe HPUGR RAADS ORI s second data stream axid domhpres’' "
(d) conpressing the data to provide a data stream the step of conpressing
t he the second data gtegny to theofirst deta strengp ifideseeend of

(dl') conpressing the data to provide the data stream and

(d2) perf comipaessivrddexmngpression nodams lis ammaster divice. sSThe sevond

(e) storing the data stream the step of storing the data stream including

the steps comgression{decampreséi&i means monitors the first data stream and comzéﬁe% the
storing the data stream”™ and : (e storing

St eam ¢ o AEH BRI fhe peoond dsta posen i e i EopRSthteBbmipiEastct *

providing the data streamto the conpression/deconpression nmeans including
t he Stepsmeansxsthemasterde s : (1)

providing the data streamto the conpression/deconpression neans;
(f2) performnm ndnanothkerdaspeety the mathod and isystemtfurtber provide bighdiategrityt he
conpr essi on/ deconpr essi on neans; and (f3)

conpar i ng co@résicmofdiaarataltativelyoloweoss.e dothis aspert, theatkthod performs a
(g) deconpressing the data stream (h) performng a fourth error check on

the deco : ; | bR
”Ei’rﬁsec'iﬁg{: W‘h ti'data, The method stores the first errbt Sh&R DR pP&EEE

fourth error e first error check.
the data to a compressidb{decompression means, which compresses the data to

provide a data stream. The\x_flata stream is stored and provided to the
compression/decompression means, which decompresses the data stream. The
method performs a second error check on the decompressed output and compares
the second error check to the first error check.

According to the system and method disclosed, the present invention provides
compression and decompression of data with very high levels of integrity, using a
simpler-and cheaper compressor/decompressor. By the use of a first and second
compressor/decompressor component in one aspect of the method and system, dual
host interfacing and an even better level of compression hardware checking is

provided. In another aspect, the system and method may use a single
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- ba - In yet another aspect, there is provided a nmethod for
providing high integrity deconpression of data at | ow cost conprising the

steps of: (a) performing a first error check on the data,;

(b) storing the first error check; (c) providing the data to a
conpr essi on/ deconpr essi on neans; (d) deconpressing the data to
provide the data stream the step of degonpressing the data further

i ncludi ng the steps of: (d1l) deconpressing the data to

provi de the data stream and (d2) perform ng a second

error. checl, rEQ@rﬂ%ﬁﬁnﬁf&s@&m In this ﬁ?ccﬂ She Ble@hod@nd Qﬁt&ﬁtzﬁfe%ﬁl@%ff&?e

step of StOI’I t he ta stream urt I'ncluding the steps of

(el) storin re r econd
error checlgglattwgly gd?% m%g% cf%y kzp ﬁéatdO Ygogt?ggﬁé(%ﬁ&tis‘ﬁeﬁ sjygltgn{ Bfte?
conpressi o /d conpr essi on neans the ste rovi d| the data streamto
the conpr es¥it8#Y & Y?(ﬂﬁ'i‘ﬂfeés‘&tﬁﬁn?ré‘gﬁ%mt‘tﬂ’tegef ‘glaﬁcﬁ ﬁﬁg the steps of:

(f1) providing the data streamto the conpression/deconpression neans;

(f2) perf ocompgessor/decampressor estecaesis eancbeiproduced i kighes volignes o t he
conpr essi on/ deconpr essi on neans; and (f3) conparing the
third error check to the third error check; (g) conpressing the
data stream . (h) performng a fourth error check on the conpressed

dat a streammxﬂnzscmmdwmeqmnmhesf ourth error check to the first
error check In still another aspect, there is provided a system

for providi ng cggg&l%sle kO pdck & n%‘gdg%%an ﬁh%ht%%ﬂeisp)fs&rn?g&{ ﬁﬁoﬁ%kéﬁ#‘tgost

the systemincl or age ace,
conpri si ng:

compression and decompression.

Figure 2 is a block diagram of an -embodimetlt of a system for providing data
compression having high integrity.

Figure 3 is a block diagram of an embodiment of a system for providing data
compression having high integrity at relatively low cost.

Figure 4 is a flow. chart depicting a method for providing data compression
having high integrity at relattvely low cost. - |

Figure S is a flow chart depicting a method for providing data decompression

having high integrity at relatively low cost.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method and system for providing data
compression and decompression with high-data integrity.- ‘The following description
is presented to enable one of ordinary skill in the art to make and use the invention
and is provided in the context of a patent application and its requirements. Various

modifications to the preferred embodiment will be readily apparent to those skilled



a single conpressor/deconpressor coupled to the storage neans and the
interface for conpressing data provided fromthe interface and
deconpressi ng conpressed data provided by the storage neans; wherein the
si ngl e conpressor/deconpressor alternatively conpresses a portion of the
data to provide a conpressed data stream and deconpresses a

-5b- portion of the conpressed data stream the portion of the conpressed
data stream corresponding to the portion of the data,; error
conparing nmeans for conparing the portion of the data to the portion of the
conpr essedl the artsAndethn gdnesic prénwples dswiinmayabeiapplied to othgherdiadinieats.
storage neans further includes a buffer having a plurality of sections, a
first secflhas, the pheceml invedtidry isodotSetdnded 3o berlisited id¢thd babpdithewnsidwa he
data, a second section of the plurality of sections for storing a first
error cheslt of 1d & aBeIrde@RhOWidéd e Sonsitdrllivith BRCHIIOAPRE ahldereRbitkal i ty
of sections for storing the portion of the conpressed data stream and a
fourth segll f plurality of sections for storing a second error
check of ?Eée&%ggtllléggﬁléf t he conpressed data stream In still a
further aspect,.there,is provi.ded a system for providing deconpression of
data with hi ghFagHs } m%am;ﬁlwa%ﬂf g&?f‘?'e”cq?@ag%fe@nli E COPRPAESSERE OBr age
means and an .interface, the system conprisSing: a single

conpr essoflieeraapressiag slata.c diigl single sompeesseridecgmpressos 7 ofdhe iconventiodalce f or
conpressing data provided fromthe interface and deconpressi ng conpressed
data prosystiand Iogart pexfetmrcagpressios andidesanpresdion sinidiadeously. In the system
conpressor/ deconpressor alternatively deconpresses a portion of the

conpr essed, dahdolie HoPdd EepRovilRideoSihe tdmREskof 9?22%%?, Eystéin PArbhER e &€

data stream the portion of the data stréam cor Ing to the“portion of
e COmPT o Fhetnces 13 anh 15 EORrSAIRE A RS Shusb SRR R
conpr essi 81E]ov13egdd by the host 3. The compressor 7-1 of the compressor/decompressor 7 then
compresses the data.

The compressed result of a portion of the data from the compressor 7-1 is
provided to both the decompressor 7-2 and the storage device 11. The storage
device 11 is typically a tapeN\ The decompressor 7-2 of the compressor/decompressor
7 reconstructs the original data. Consequently, compression and decompression
typically occur simultaneously.

Typically, data reconstructed by the decompressor 7-2 is discarded. However,
prior to being discarded, the sumcheck unit 9 builds a sumcheck from the
reconstructed data. The result of the sumcheck built on the reconstructed data is
then compared to the sumcheck-built on-the original data to ensure that the original
and reconstructed data are the same.

For a decompression operation, data is provided to the decompressor 7-2 by

the storage device 11. The sumcheck unit 5 builds a sumcheck on the compressed



wherein the storage neans further includes a buffer having a plurality of
sections, a first section of the plurality of sections for storing the
portion of the conpressed data, a second section of the plurality of
sections for storing a first error check of the portion of the conpressed
data, a third section of the plurality of sections for storing the portion
of the data stream and a fourth section of the plurality of sections for
storing a second error check of the portion of the data stream

According to the system and nmethod disclosed, the present invention

provi des de@NPTRE ﬂe@&m@@@lsseﬁqwe%&c%ﬁqﬁésséﬁm Mthh meS e APrdsSoek Ssuof
integrity, using a sinpler and cheaper conpressor/deconpressor. By the

use of aq ftﬁ éicﬁreii?ﬁflg thégfag%gxt-oxﬁQHPH@?&zﬁé{egfo(iof@rxseﬁ%d&oggﬁiiﬁmhé n one

aspect of t dua ntertacing and an even
| ded. | n,anot her

g gtpgg,[ ’ | ,? ﬁchlnggésféx% m%gasatr{g g 60%51%?1’5%5192 Cofthd" compressor/gecompressor
7 reconstructs the compressed data. Again, compression and decompression
typically occur simultaneously.

.Typicaﬂy, data reconstructed by the compressor 7-1 is discarded. However,
prior to being discarded, the sumcheck unit 9 builds a sumcheck from the
compressox; output. The result of the sumcheck built on the reconstructed data is
then compared to the sumcheck built on the compréssed data to ensure that the
compressor output and the original compressed data are the same. Consequently,

. high data integrity is achieved in both compression and decompression.

Note that the system 1 could also be implemented using a data buffer.
Different sections of the.buffer could be used to store data of different statés.
However, additional error shecking would be implemented to ensure that no errors
were introduced during storage in the buffer.

Although the system 1 shown in Figure 1 compresses data and assures the
compressed data’s integrity, one of ordinary skill in the art will readily realize that
the conventional system 1 is expensive. In addition, only a relatively small number
of such systems are expected to be sold every year. The system 1 requires
simultaneous compression and-decompression, as well as the dual interfaces,
interfaces 13 and 15. As a result, the compressor/decompressor 7 requires highly
integrated circuitry. Because relatively few high end systems 1 are sold and-the

compressor/decompressor 7 requires highly integrated circuitry, manufacturers are



REPLACEMENT SHEET 6
conpressor/deconpressor. In this aspect, the nethod and systemare able to
offer relatively high data integrity checking at |ow cost. The method and
systemoffer further advantages in terns of economes of scale, as a
single conpressor/deconpressor conponents can be produced in higher

vol une. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a bl ock
di agram of a conventional system for providing data conpression and
deconpr essi on. Figure 2 is a block diagram of an enbodi nent of a
systemf i [ Fi gure
s a bruRt S ARHEHAn AR e PR IR 82l Rt Shhidld to b sold
corrpre55| on havi ng high i nt egrity at relatively | ow cost. Figure 4
is a fl ol ERart depicting a nethod for providi ng data conpression having
high integrity at relatively, |ow cost. lgure 5 is a flow chart

depi cting a neEPR® @f R dingry §ki |Wgthﬁaﬁré“ﬂléébﬁﬂle@%%l@nthaﬁév%lwgﬁdl¢ft%§>rh| ty
at relatively | ow cost.
storage systems, the compressor/decompressor 7 cannot be used because of the

expense. Low end systems also typically require only one interface because only one
host is attached. However, one of ordinary skill in the art will readily realize that
the data integrity provided by the system 1 is still important. Finally, although low
end systems are less expensive, significantly higher numbers of low end systems are
sold. |

The present invention provides for 2 method and system for providing data
compression and decompression having high integrity in both high end and low end
systems throuéh the use of a standardized, relatively inexpensive
compressor/decompressors The present invention will be described in terms of
CRAM integrated LZ1 ccmi\ixression algorithm circuitry, used in a system for data
storage on a tape. However, one of ordinary skill in the art will easily appreciate
that the method and system are effective for other comi)ression/decompression
algorithms and for other types of storage devices. One of ordinary skill in the art will
also recognize that although some other functions of the method and system, such as
autoblocking, are not discussed, these may be performed in conjunction with the
method and system described herein.

A high-speed hardware LZ1 compressor typically requires use of a content
addressable memory, or "CAM". In contrast, a decompressor typically only requires a

random access memory, or "RAM". The CAM can also function as a RAM if an



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention provides
a nethod and system for providing data conpression and deconpression with
high data integrity. The foll ow ng description is presented to enable one

of ordinary skill in the art to nake and use the invention and is provided
in the context of a patent application and its requirenments. Various

modi fications to the preferred enbodinmeyy will be readily apparent to those
skilled 7 in the art and

the generic principles herein nmay be applied to other enbodi ments. Thus,
the present invention is not,  intended tqQ be lim.ted tqQ the enbodi nent shown
but is to BEdEsse Seaedertin@raridedt E%)b"é%%?ﬁg?%t affa thapht USIBeREPAI&E and
features described herein. Figure 1 is a block diagramof a
convent i on&tAMar@RAM afrayonpr essing or deconpressing data. The single
conpr essor/ deconpressor 7 of the conventional system 1 can perform

conpr essi on and Al€RAM éssipables ohbbthadate ompressiont he dsiasdenompressian.abeto be
stored is provided to the conpressor by a host system 3 through one of the

dual i nt er fa€ Bothl SnANthnédusl) THECRAM ibie fpeludflcdsapressoiieesiupdessbh ehatat a

provi ded by the host 3. The conpressor 7-1 of the conpressor/deconpressor 7

then | COMPEeR e Sukllrfighd. and s relaclty GRAPERRESHHA BAHIE (Otaidel! o0 of the

data from t'he conpressor deconpressor 7-2 and
the storage,device 11.. The storage .device 11 is typically.a tape., The
deconpr ess SOnEaGY, He Hsthndete sysie fiffie Siesent iveatignstifihe dbsoribed
original data. Consequently, conpression and deconpression _typically occur
si nul t aneousing. CRAM basad, gpmpressor/degaanpressons tiowevey, aothinglimdtsghprmethnd

7-2 is discarded. However,
and system to this type of compressor/decompressor.

To more particularly illustrate ihe method and system in accordance with the
present invention, refer now to Figure 2 depicting a block diagram of one
embodiment 100 of such a system. The system 100 of the present invention includes
two CRAM compressor/decompressors 104 and 114, each with a host interface,
designated as interface A 102 and interface B 112.

The two compresso%@ecompressors 104 and 114 share a common data buffer
interface 116 to a storage buffer 118. The two compressor/decompressors 104 and .
114 also share a common interface 121 to the storage device 120. In one
embodiment the storage device 120 is a tape drive. In a particular embodiment, the
interfaces A 102 and B 112 may be coupled to the data buffer interface 116. In
another embodiment, interface A 102 may be coupled to compressor/decompressor
104 and interface B 112 may be coupled to compressor/decompressor-114.-In
addition, data buffer interface 116 may be coupled to the compressor/decompressor
104 and 114, or to the common interface 121 to the storage device 120. The

compressor/decompressors 104 and 114 may also be coupled through a common



prior to being discarded, the sunctheck unit 9 builds a suncheck fromthe
reconstructed data. The result of the sunctheck built on the reconstructed
data is then conpared to the suntheck built on the original data to ensure
that the original and reconstructed data are the sane. For a
deconpressi on operation, data is provided to the deconpressor 7-2 by the
storage device 11. The suntheck unit 5 builds a sunctheck on the conpressed
8 data. The deconpressor 7-2 then deconpresses the data. The deconpressed
result of a portion of the data fromthe deconpressor 7-2 is provided to

both the uﬁ@ﬁae@qurtozhgs%}g 4 Revib@spg3. The conpressor 7-1 of the
conpr essor/ deconpr essor 7 reconstructs the conpressed data. Again,

conpr essi on a“‘in‘iﬁ&%ﬂﬂ%ﬁ@(}eﬁf E ﬁ(x?%%a'tﬂe\’c&? Eso%%d@%b&??%?scaiib -apd 114

Typically, data rec e conpress However ,
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data is then conpared .to the suntheck bU|It 0 e conpressed data to
ensure t haXsternCondiallsy ds 3 gRICERASEHC ﬁef@mem£ {Igp funehipees B Btemare the
same. Consequently, high data integrity is achieved in both conpr essi on
and deconpoufzellem]2? is to intédpres eamamarderecoived over dwuinderfhces Hd02mp Bridi2t ed
using a data huffer. Different sections of the buffer could be used to

store dat andfo dohtrol evérall epeation if Wk eysterd d00 tacendingly.r or checki ng woul d
be |nplenented to ensure that no errors wer e introduced durlng storage in

the buffer. QHH‘E ONYNg | ta
and assures the so’reripresse %ata I'n eé’rh?tﬁy, orl?g“}éf&%l‘? |nare Eﬁﬁ?s&ﬁ?he

art will i&f d |ﬂ4 %o Iréoeelé'ehg}‘ transmxt data over its host interface A 102 or B 112,
respectively. Tl_ze system-controller 122 also determines whether each of
compressor/decompressors 104 and 114 operates as compression or decompression
devices. The system confroller 122 directs how the data is coupled between
interfaces A 102 or B 112, compressor/decompressors 104 and 114, and the shared
interface 121 to the storage device 120 and the shared data buffer interface 116 to
the data buffer storage 118'3.;-?

The system 100 is particularly beneficial in high end data storage and retrieval
systems, or other systems, in which the cost of providing two identical components
containing compressor/decompressors 104 and 114 is not excessive.

In a preferred embodiment, data is provided to or read from the system 100
through either interface A 102 or interface B 112. In one embodiment, the two
interfaces A 102 and B 112 are SCSI interfaces. Thus, the system 100 includes two
interfaces, as required in a high end storage sub-system. The controller 122
determines which interface is used for any given operation.

In one embodiment of the system 100, the data to be compressed is first



t he conventional system11 is expensive. In addition, only a relatively
smal | nunber of such systens are expected to be sold every year. The
system 1 requires sinultaneous conpression and deconpression, as well as
the dual interfaces, interfaces 13 and 15. As a result, the
conpressor/deconpressor 7 requires highly integrated circuitry. Because
relatively few high end systens 1 are sgid and the conpressor/deconpressor
7 requires highly integrated circuitry, nmanufacturers are

9 reluctant to fabricate the chip in the relatively small nunbers

expect ed al r r . . f,.Qr l r

wll al sogtsé Bﬁ ztg t‘%% béﬁaf Fi«l.\g Vba\/\} § I&g}facgulc} % fr:|1 ?%tlgllﬁlg%/s (H;l‘t%ﬁg tthc
conpr esso ressor can b becaus ens ow end
syst ens égfg iﬁé)% FWPW?ZI@Jﬁ ft R4 %C e&bﬁ gh% AHaE i s
attached. However, one of ordinary skill in the art wll read| ly realize
that t heitdastoreddetgrbufferp} k&xmeatqsgawﬁéwy@tnémﬁqthﬁsdatm itntegrifpisr preserved
Finally, although low end systens are | ess expensive, significantly higher

nunber s oflutingvsemdge at ahkition,chedniffer 118 may ha'vaesepamrsbcﬁmfdri sboripgovi des
for a nethod and system for providing data conpression and deconpression

havi ng hi gdyal Bézﬁgiés%é!d aatéﬂ%a duinfiheBRfGREch Q¥ 6NGhtaS S baEenibdEaL! he use

of a standardi.ze relatively i|nexpensive conpressor/deconpressor The
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conpr essi on/ decorrpr ession algorithns and for other types of storage
devi ces. One ol asainchesk isiiuilt amdatadnpet todhe|buffer 118 via interface 116, a

sumcheck is generally built again as this same data is retrieved from the buffer 118
via interface 116. Comparison of the two sumchecks verifies that no data errors have
been introduced during storage in and retrieval from the data buffer 118.

In one embodiment of the system 100, the common bus/memory interface 116
is a RAMBUS. A RAMBUS requires fewer physical connections on the two
compressor/decompressor chps 104 and 114 and provides a greater bandwidth.
Currently, a RAMBUS interface and RDRAM memory used as a data buffer can
support a bandwidth of up to 500 MB per second.

The controller 122 designates one of compressor/decompressors 104 and 114
as a MASTER, and the other one as a SLAVE. In a preferred embodiment, the
MASTER is the compressor/decompressor 104 or 114 which includes the host
interface A 104 or B 114 which is to be the active interface for the operation.

The data is first received by the MASTER over its host interface and stored
to one section of the data buffer 118 via interface 116. The MASTER subsequently

retrieves this data, also via interface 116, to perform data compression. At the same
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al so recogni ze that although some other functions of the nmethod and system
such as autobl ocking, are not discussed, these may be perfornmed in
conjunction with the method and system descri bed herein. A

hi gh- speed hardware LZ1 conpressor typically requires use of a content
addressabl e nenory, or "CAM'. In contrast, a deconpressor typically only
requires a random access nenory, or "RAM. The CAM can al so function as a
RAM i f an 10 addr ess
decoder is provided. This requires less chip area than if using separate

CAM and RAlhal tiRYSLLAVE is ablA tORAWE4sStheapmel datovidbthercolathan dorgpfaes Slii 16N aqd
dat a deconpression, but not both sinultaneously. The CRAMis one type of

conpr essordSe5MR, §88Mcal Rt predibP8p sladibs afydbRRdoudy dridhStheaVR{SVERY In
I nexpensive and sinple to fabricate.” Consequently, the nethod and system

of the pre [ |,0 | d . S| bas . .
conpr essor HeBaEakls B huseh i FRElh RE CaridF oD TR ure the imenity
this type of .coppressor/ deconpressaqr . To nore particularly

i |l ustrat eof{tﬂ@ %ﬁ%ﬁ‘eé{ﬁg%%%ttéﬁi’lug{eé&& dance with the present invention,
refer now to Fi%e 2 depicti n&a bl ock di agram of one enbodi nent 100 of
such a system M&SEEPR vl during, thip comprassiopapsiation, pespdicelly stais traM
conpr essor/ deconpressors 104 and 114, each with a host interface,

desi gnat ecconspriesdedr fesuie datd 62 aadifferentawénobths thifffer 118 via thd bembvem
conpressor/deconpressors 104 and 114 share a conmon data buffer interface

10! ooy AR B G e RGARIPL SRR Ot M08 e 114
as it is stored. This sumcheck is used later to verify integrity as the compressed data
stored in the buffer 118 is retrieved to be written to ;che'storage device 120.

In a preferred embodiment, the SLAVE does not write compressed result
data to the buffer 118. Instead it simply observes each data package written by the
MASTER into the buffer 118. In one embodiment, a SLAVE accomplishes this by
observing the activity on the common interface 116. The SLAVE compares the data
that is being written by the\MASTER to the buffer 118 with the SLAVE’s own
compressed data. Any discrepancies between the MASTER’s data stream provided
to buffer 118 and the SLAVE’s data stream may be considered errors due to
compression of the data. In one embodiment, the data stream comparison is
accomplished by comparators provided in each compressor/decompressor component
104 and 114. Similarly, in one embodiment, the sumcheck build/checking process is
accompﬁshed using hardware circuitry provided within each
compressor/decompressor component 104 and 114.

A decompression operation is performed in a similar fashion. Compressed

data read from the storage device 120 can be synchronously and directly provided to



enbodi nent the storage device 120 is a tape drive. In a particul ar

enbodi nent, the interfaces A 102 and B 112 nmay be coupled to the data
buffer interface 116. In another enbodinent, interface A 102 nay be
coupl ed to conpressor/deconpressor 104 and interface B 112 may be coupl ed
to conpressor/deconpressor 114. In addition, data buffer interface 116 may
be coupled to the conpressor/deconpressasa 104 and 114, or to the common
interface 121 to the storage device 120. The conpressor/deconpressors 104
and 114 may al so be coupl ed through a common . interface 121 to

t he stor agetiMASTHRGnd SLAVE comptésosysoemraBorsoftdrangt &4.2 In @gaether
conpressor/deconpressors 104 and 114 share a common interface 123 to the

syst em condmmbdifient2@ie doinPresseddadidra roni ke steyspeatevivent2otdebe ifirsa
m crocontrol |l er of sone kind. The function of the system controller 122 is

to inter Prfbue ﬁ%@@%ﬁi@% %gp‘at@fheg‘ﬁé &é‘ﬁz&%ﬁ&ffﬁ?% é@%p%ssar/aé%mwbsbp

control ov opera system 100 accordi ngly. e system

controller, 122 djyrects which of the conpressor /.dec S . r
114 is to Y¥cey gie‘{ 30 BtoxR P"E‘&f‘?ﬁ%‘@ggtﬁ o e bigter r#g'r ;igEJé‘%Aé‘%édgg‘g’é* %12,
respectively. The systemcontroller 122 al so detgnninss mbetge eaﬁp of
conpr essorsueseckcas by builtoan gheicampressst data Stored dp #pe deHgydrom the
deconpression -devices. The systemcontroller 122 directs how the data is
coupl ed bethwifanl18 ni ensuze dstegrit0of the data DR subssquent sesricvalc dsrdais getriawsd
and 114, and the shared interface 121 to the storage device 120 and the

shared datﬁg%“ﬁafe%uﬁé}tﬁ!ﬁﬁgﬁoﬁﬂﬁd% bdth eosipt@shddcomprésongodland 114.
r

The system 100 1s particularly beneficial 1n high end data storage and

retrieval SyStﬁgaépggfen%d]&hbaaﬁﬁ&{Bdufiﬂgmg&&oﬂﬁem cﬁéraﬁbﬁ)’i ding two

| dentical conpo

compressor/decompressors 104 and 114 both operaté synchronously. The data

- delivered directly over the interface from the storage device 120 or from data

. appearing on interface 116, as it is fetched by the MASTER from an area of the
buffer 118, is decompressed. The compressor/decompressor 104 or 114 designated as
the MASTER is determix_;ed by the controfler 122. In a preferred embodiment, the
cbntro'llér 122 determines.;ﬂ}i_ch compressor/decompressor 104 or 114 is the master
based on which host interface A 102 or B 112 is to be active.

The MASTER either stores the decompressed data to a separate area of the

data buffer 118, or delivers it directly to its host interface A 102 or B 112. In a
preferred embodiment, the decompressed data appears on the common data buffer
storage interface 116 regardless of whether the decompressed data is provided to the
buffer 118 or directly to the MASTER's host interface A 102 or B 112. In one
embodiment, if the result data is to be buffered, the same sumcheck method
described earlier is used to ensure integrity. If buffering the result is not required, in

one embodiment, the common interface 116 is a communication channel between



cont ai ni ng conpressor/deconpressors 104 and 114 is not excessive.

In a preferred enbodinent, data is provided to or read fromthe system 100
through either interface A 102 or interface B 112. In one enbodi nent, the
two interfaces A 102 and B 112 are SCSI interfaces. Thus, the system 100
includes two interfaces, as required in a high end storage sub-system The
controller 122 determ nes which interfgce is used for any given operation.
I n one enbodi nent of the system 100, the data to be conpressed is first

12 stored into the data buffer 118 via the interface 116. In a particul ar
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built on S Stor I nt er 118 via interface 116 to

ensure the data inteqrity is preserved during storage. In addition, the
buf f er 11§e?ﬁ9pﬁ§§gﬁ%a%§ta8"sections for storing data, conpressed data,

and sunthecks for each set of data. ]n odi nent dat ram t.he
buTfor 116 15 ltepratered eppcsnert th §8rél§ﬁ€g2ﬁi Bt sote $48 %a{?&o?‘é‘%?‘hé%s
synchronously supplied to both conpressor/deconpressors 104 and 114.

If a suncbegkovideldats to tire SRAVE st inserfane A0R«r B 182y Instead, dhe MAYEs, a
suntheck is generally built again as this sane data is retrieved fromthe

buf fer 118psitivas HBRhpRECddSta lacaiby 8@ MASTER divthescomienkinterfadel 165
that no data errors have beenintroduced during storage in and retrieval

fromthe ) A - . svhed jolah Vb dfdes t he
common bugﬁée%ﬁo%aggér\@%?%&e ﬁsédt éf;thg RANBU%.CHN,[Z\EB elN%th r galgi res ewe‘ras

physi cal connectiong on the t C chips 104 and 114
and provi J&Y eﬁ?%%é@'reabeﬁ%défeht.o &g&;ﬁ%@%@ Féﬁgg%a%%{’nterface and RDRAM

: ff i dt h of
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data into buffer 118. ‘The decompressed data is-subs:equenﬂy retrieved by the
MASTER to be sent to the host via the associated interface A 102 or B 112. Ina
preferred embodiment, a sumcheck verifies that data integrity has been preserved
during the buffering operation.

In the system 100,\controller 122 can either designate
compressor/decompressor 1\(“)4 as a MASTER and compressor/decompressor 114 as a
SLAVE, or designate compressor/decompressor 114 as a MASTER and
compressor/decompressor 104 as the SLAVE. In a preferred embodiment, both
compressor/decompressors 104 and 114 are identical, with the same
compressor/decompressor, data comparator and sumcheck circuitry.

Note that the only hardware error not detected by the system 100 is an
identical and simultaneous-error made by the two independent
compressor/decompressors 104 and 114. This affords a much higher level of

hardware error detection capability than conventional systems.

Figure 3 is an embodiment of a low end system 200. In the lower end system



The controller 122 designates one of conpressor/deconpressors 104 and 114
as a MASTER, and the other one as a SLAVE. In a preferred enbodi nent, the
MASTER i s the conpressor/deconpressor 104 or 114 which includes the host
interface A 102 or B 114 which is to be the active interface for the
operation. The data is first received by the MASTER over its host
interface and stored to one section ofé the data buffer 118 via interface
116. The MASTER subsequently retrieves this data, also via interface 116,
to performdata conpression. At the sane

13 ti neo,tGingle’ M fesddl decompREE65 804 By BAMBed 8l Brovide ERGeSRNRILH

I nterface 116, and performan identical conpressioh operation,

synchrongus| %é%,ggggttg%%%ggg In one enbodi nent, the suntheck described

earlier may to ensure the integrity of the data retrieved fromthe
buf fer 118. The STER, W | |, .duri this, c ression operation,
periodically EPSrSJStFﬂ%za}ﬁébtffglf%egsaé’din}%rg?ﬁe{%&éf’f ?%ngPndfifpfr‘é&&ﬁcpar ea of the
buffer 118 _via the common, interfa 16. In preferred enbodi ment, a
separ at e SEfREHBSRG the EPTace,A0% fs %%Maﬂe@f@q- TTHecsysiest 3&0 tygther comprisex i s
used later to verify integrity as the conpressed data stored in the buffer
118 i s r etecinpreskor/debemprassorzi4. dntahpreferedhegmbddimiant, 120. In a
preferred enbodi nent, the SLAVE does not wite conpressed result data to

the buf f gsmpidbsor/Bsiondsteldor P0TRIs¥s 8TCRANESTIRASH Qo%%hﬁgﬁe%irtmrisby the
MASTER i nt oi)t he buffer 118. In one enbodi nent, aﬁlglfA acconplishes this by

observin YAl o kN :Th mares the
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SLAVE' s qQwn pnpr.essed dat di s ng es. bet ween t MASTER s dat a
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coupled direct to the compressor/decompressor 204, or may be coupled to the buffer

218 via interface 216. In one embodiment, the storage device 220 is a tape. The
host intérface 202 may be coupled either to the buffer 218 via interface 216, or it
may be coupled direct to the compressor/décomprassor 204. In a preferred
embodiment, all data transfers are performed via the buffer 218.
¢ Figure 4 depicts a ﬂow chart of method 300 for compressing data using

system 200 of Figure 3. Referring now to Figure 4, data is provided to the system
200 through step 301. In step 301, as the data is input via host interface 202, it is
parity checked, and then stored into area 218-1. A sumcheck A is built as the data is
input also via step 301. The sumcheck is stored in the section 218-2 of the buffer
218, via step 302.

Next, the data is to be compressed. The data is retriéved froin the buffer area
218-1 and fed to the compressor in step 303. The compressed data stream is stored
in the section 218-3 of the buffer 218, also in step 303. As the data is retrieved and

compressed, sumcheck A is built again on the input data via step 303. In step 305,



conpression of the data. In one enbodinent, the data stream conparison is
acconpl i shed by conparators provided in each conpressor/ deconpressor
conponent 104 and 114. Simlarly, in one enbodi ment the suntheck

bui | d/ checki ng process is acconplished using hardware circuitry provided
Wi thin each conpressor/deconpressor conponent 104 and 114.

deconpression operation is perforned inya simlar fashion. Conpressed data
read fromthe storage device 120 can be synchronously and directly provided
to 14 bot h MASTER and
SLAVE corthe assehédegobpilesiacgtsp 303 ianompired dmcampletion withvbiod sumoheck e
conpressed data read fromthe storage device 120 can be first stored into

a secti ontefediHfA18L2 il Siepi 2. NTRIsIRGHick Rat theidBds KRS S6AUPHSHANPARS SOF
104 or 114 can store the conpressed data in the buffer 118. [n one

embodi M burd dHTRRRE K1SraReRBIMA] brotlsd ARHUHERSEEL BREIN P5iEfled o AN

retrieved from buffer~ 118 to ehsure Integrity of the data on
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enbodi ment, duri he dec ression operation, conpressor/deconpressors
104 and fiqfegdﬁﬂqgﬁtmt%eE%ﬁghronousl y. The data delivered directly over
the interface.-fromthe storage device 120 or fromdata appearing on

i nterface 116 Tagh¢ak the dapnpressionprotess\aTB86 fotchns:the aoupressedhdatabuf f er
118, is deconpressed. The conpressor/deconpressor 104 or 114 designhated as

the MASTERred iflsbetion De8l3bynd Feede aht eBhpedssédPdatalto thepr ef erred embodi ment,
the controller 122 determ nes which conpressor/deconpressor 104 or 114 is

k \ ! . 5 e
the mast %mg%??%%?/d@@oﬁ‘}gf : 964 féﬂ%ﬁ&ﬁ%&uﬁ&%ﬂ:%&o e active

The MASTER er stores e deconp a‘separate area of the
compressor/decompressor is discarded. In step 306, a sumcheck B is, however, built

again on the compressed data from section 218-3. Another sumcheck A is also built
on the decompressed, discarded data via step 306.

In step 307, the sumcheck B is compared with the sumcheck B built in step
303 and stored in 218-4. §n step 308, the sumcheck A is compared with the
sumcheck A built in step 301 and stored in section 218-2. If these sumchecks both
agree, it is highly likely that the compression/decompression process is without error.
Finally, in step 309, the compressed data in section 218-3 is fed to the storage device
220 via the interface 221. As the compressed data in section 218-3 is retrieved, a
sumcheck B is again built in step 309. The sumcheck B is then compared with the
value in 218-4, in step 310, to ensure that the stored data has not been corrupted.

Figure 5 depicts a method 400 for-decompressing the data, using system 200 -
of Figure 3. Referring now to Figure 5, data is provided to the system 200 via
interface 221 from the storage device 220, through step 401. This data is stored in

the section 218-1 of the buffer 218. In step 401, a sumcheck A is built a$



data buffer 118, or delivers it directly to its host interface A 102 or B
112. In a preferred enbodi nent, the deconpressed data appears on the
common data buffer storage interface 116 regardl ess of whether the
deconpressed data is provided to the buffer 118 or directly to the

MASTER S host interface A 102 or B 112. In one enbodinent, if the result
data is to be buffered, the sanme sunthegik nethod described earlier is used
to ensure integrity. If buffering the result is not required, in one
enbodi ment, the common interface 116 is a comuni cati on channel between

15 the N%é?{g%s@&ﬂdﬁaﬁi\!%t&%%rmetséct@@zwq. StAVEnichealdd ¢ tifert storddGTER s
deconpressed data stream In a preferred enbodi nent, the SLAVE does

not store %%tfoa%f%%’tggf%g; 3%8118 or provide data to the SLAVE s host

i nterface tead, the SLAVE observes deconpressed data

pl aced by the MASTER on, t he gonmon i nt ?h%c 116, ...an res .i:hi 0t he
result of the SO t&edlpia &é?wm.sse/iﬁ i éf}éspxéeﬁré?vgg ﬁér}g& eeS%gégisl?c}teg?}éd
errors due to the deconpression of the data., In a preferred

enbodi nent andfed MA@!ERD@PWS@QT/ﬁ?@mE@ﬁﬂT;@,m&E“(Po‘war e@g%ﬁgs"‘g‘épé into buffer
118. The deconpressed data is subsequently retrieved by the MASTER to be

sent to thdebmapressal dite sresotisstored in thefsecdomn21®3, also i step 403 a
preferred enbodi nent, a suntheck verifies that data integrity has been

preserved gdufiltikkdull, BUhfihedl A partheiduta retrieved fromnthehwectips 04811 0built
controller 122 can either designate conpressor/deconpressor 104 as a

I(\:AgﬁgrEss 22?/?"%%@%%;% géﬁm;%%%ﬁ@nge c%%?gscg{)r lggﬁﬁgﬁ‘glgé (ﬁl at104 as
the SLAVE s%or}e i rsggtgnr f&-& n\?é) gtlege y t(l)3 gterr}fy that there has been no corruption of
the data during the storage/retrieval process. A second sumecheck B is built on the
decompressed data which is stored in 218-3, and this is eventually stored in 218-4, in
step 404. |
To check the decompression process, the decompressed result data is next fed
to the compression circuigry in step 406 by fetching the data from 218-3. Step 406
also builds a sumcheck B. -:f-[‘_he compressed result data is discarded, but another
sumcheck A is built from it via step 406. Then the B sumcheck is compared with
that in 218-4, in step 407. In step 408, the A sumcheck is compared to that in 218-2.
If both sumchecks A and B agree with the sumchecks stored in sections 218-4
and 218-2, respectively, the decompression/compression process is highly likely to be
without error. Finally, the decompressed data held in 218-3 is retrieved and fed to
the host via interface 202 in step 409. As this data is refrieved, a sumcheck B is
again built via step 409. This sumcheck B is compared with that in section 218-4, via

step 410, to ensure that there has been no corruption of the decompressed data

during storage and retrieval.



conpressor/deconpressors 104 and 114 are identical, with the sane
conpressor/deconpressor, data conparator and suncheck circuitry.

Note that the only hardware error not detected by the system 100 is an

i dentical and sinmultaneous error nade by the two i ndependent
conpressor/deconpressors 104 and 114. This affords a much hi gher |evel of
hardware error detection capability thajp conventional systens.

Figure 3 is an enbodi nent of a | ow end system 200. In the |ower end system
16 200, a single conpressor/deconpressor 204 can be used to pravide
extrenel y hi gh Rearaingrhasktptiigute 3 ingwerergpdiment, the busild 64y @t RMMBAJS

I ncl udes an interface 202 to a host. In a preferred enbodinent, the

i nterface 20D theiredas 20%hisar 658 inteheces \Streenthoe JCTk imterfaasngan trensfen
conpressor/deconpressor 204. In a preferred enbodi nent,

conpr essor dftacnrpras vF4020B peesecandRPdl thEhwstean2iteasarstaa digpisiegtity 48 1 S
coupled to a buffer 218 via interface 216. In one enbodi nent, the buffer

218 is  di ddiIpfbstiBhOcdpfesSifddcBipresddB204 isPe@RprebS4nd then %E%xﬁﬁf‘%%ew ce

220 may be coupled direct to the conpressor/deconpressor 204, or be

coupled to fer . Vi3 g . b e

st or age de%%cggalg%o?gagazéxgxgiéfyaeﬂ?gkﬁﬁé%%%}S\?xﬁﬁag%@%@f%%gagg%g%euﬁ%d ei t her
to the buffer 218 via interface 216, or it be cou direct to the
conpr essordoEplaR ShBok 1 Sacciitty 208t etprestor kOB AT oR 206e4n GERRISR AT o s
are perforned via the buffer 218. . Fi(gure 4 depicts a flow chart of
met hod 300dgcompressdass it mgrate of approzimatelys$EMB per s¢conidgINase 3hatRef erri ng
now to Figure 4, data is provided to the system 200 through step 301. In
step 301, RAMB®SIhiving @ datp ytanefer ratesdf SO0 BIE peresedBad ié bapable of

accommodating the total bandwidth requirements of all data transfers in and out of
buffer 218, as needed for sustained operation.

A method and system have been disclosed for providing high integrity data
compressjon/decompression capability within both high end and low end storage
systems. The compressor/decompressor used in the embodiments discussed ébove, a
CRAM, is less expensive ang.simpler to fabricate than currently used approaches. In
one embodiment, the method and system provide high integrity data
compression/decompression by designating one of two identical
compressor/decompressors as a MASTER and the other as a SLAVE. Both then
operate simultaneously to compress or decompress data. The MASTER places its
result data into buffer storage, while the SLAVE monitors this data stream and
checks that it is identical to its own result data stream.

In another embodiment, only a single compressor/decompressor component is
provided. The single compressor/decompressor is then used either to compress and

then decompress a block of data, or alternatively to decompress and then compress



parity checked, and then stored into area 218-1. A suntheck Ais built as
the data i's input also via step 301. The suntheck is stored in the section
218-2 of the buffer 218, via step 302. Next, the data is to be
conpressed. The data is retrieved fromthe buffer area 218-1 and fed to
the conpressor in step 303. The conpressed data streamis stored in the
section 218-3 of the buffer 218, also ig,step 303. As the data is retrieved
and conpressed, suntheck Ais built again on the input data via step 303.
In step 305, 17 t he

suncheck Aabbiotk ofidatstRInd3ks srecbipadtehchBtagePlEtompamidt Witheesvaeheck A
stored in 218-2 in step 302. This verifies that there has been no

corrupti on sgfrell RAmcHRLK ¢EIEAl B dhRck PO IR BASIHELS 1RV taRiAGESs bufdpot her
suntheck B is also formed in step 303 on the conpressed result data stored

in 218-3. SUIRDSCK, By ffe gé’:ﬁ@éetéﬁé%@gc%@fe?%?% ﬁ%@%é X532 3Lap egaoch To

check the conpression proce € ‘conpresse ata stored

in section 218-3 and feeds the conpressed data to the

conpr essor FH@@&%WBE BY “g%wcr%t?fea%”&! FERFHPD elarP@E’gﬁY gavelk ghlpigbutter
conpressor/ deconpressor is discarded. In step 306, a suntheck B is,
however, bétarage gapabilityn witheextrampaly dighadata dnfegsiym secti on 218-3. Anot her
sunctheck A is also built on the deconpressed, discarded data via step 306.
In step 307, thAconiinghktli systenn apdmecthed providecanpressiok aidodédompressivep
303 and stored in 218-4. In step 308, the suncheck Ais conpared with the

suntheck Acbdatd with verghigPleveRn iftedfigtudin} & siplenand dhéapericomissife
suncthecks bot h agree,ryi t@?s Vﬁi ghl yce?i %‘ejllld;/ﬂ% hat l%he pér at

Com oot OMARRAREETS) 8 FOGESR Ao Mo Balitn LTI <00
interfacing and a better level of compression hardwzire;checking may be provided.
Tﬁe low end systems can use a single component only and are thus able to offer
data integrity checking comparable to the current high end systems. The use of a
single identical component across the whole range of systems offers further
advantages in terms of economies of scale, as a single design is now able to be
produced in high volume.

Although the present invention has been described in accordance with the
embodiments shown, it will be readily recognized by one of ordinary skill in the art
that there could be variations to the embodiments, and those variations would be
within the spirit and scope of the present invention. Accordingly, many modifications
may be made by one of ordinary skill in the art without departing from the spirit

and scope of the appended claims.



220 via the interface 221. As the conpressed data in section 218-3 is
retri eved, a sunctheck B is again built in step 309. The suntheck B is then
HB value in 218-4, in step 310, to ensure that the stored

conpared w
data has not D’#’ u g’ Hﬂﬂiﬁlm) Figure 5 depicts a nmethod 400 for
deconpr essi ng. system 200 of Figure 3. Referring nowto
Figure 5, data is prOV|ded to the systemi200 via interface 221 fromthe
storage device 220, through step 401. This data is stored in the section
218-1 of the buffer 218. In step 401, @E@ heck Ais built as
18 conpressed data is stored in the n 218-1. The suntheck A is then
stored in area 218-2, via step 402. Next, the data is deconpressed.
The data is retrieved fromthe section 218-1 and fed to the
conpr essor/ deconpressor 207 in step 403. The resultant, deconpressed data

streamis stored in l.hé swtemhdor ptedding alatrocampressipn s0th. highi datrtintegsity) y, a
sunctheck A on the data retrieved fromthe section 218-1 is built again via

step 403. thbisgstemnlohelindaifirst tbdacanrted Dwertenimel & erorabé Mdéda] thet ored
in section 218 2 via step 405, to verify that there has been no corruption

of the d .storage/retrieval process. A second suntheck B is
built on decogpre sed data which is stored in 218-3, and this is

eventually stored in 2184 St ec reSS|on
process, the deconpr essedﬁ{sggﬁwr%g{%%%oﬁgﬁm%d&@g cpﬁg]e@f’%ﬁ%gﬁ
circuitry matep 406 by fetching the_data from 218-3. Step 406 also

builds a 48 langd thvrféowﬁﬁa@weéher&swmamsaw SERIIPEASHOR, TBARS Kot her
suncheck Ais btilt from.it via step 406. Then the B suntheck is conpared
W t hhaz h?tncoglpé’_eszﬁngﬂ,dammvﬁbMﬁi the firsttinterfacg, andHer desomphessing datadirpar ed
e the storaée means, the first compressionfdebompression means also providing a first
data stream; and
second compression/decompression means coupled to the
second interface and the storage means, the second compression/decompre;sion
means for compressing data provided via the second interface and for decompressing
data from the storage means, the second compression/decompression means also
providing a second data streagq, each of the first and second compression/
decompression means being able to monitor both the input and output of the other
via a common shared interface to the storage means;
wherein the first compression/decompression means monitors
the second data stream and compares the second data stream to the first data
stream if the second compression/decompression means is a master device, and
wherein the second compression/decompression means monitors the first data stream

and compares the first data stream to the second data stream if the first

compression/decompression means is the master device.
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I f both sunthecks A and B agree with the sunchecks stored in sections 218-4
and 218-2, respectively, the deconpression/conpression process is highly

likely to be wthout error. Finally, the deconpresTEﬁ!gﬁtiE held in 218-3

is retrieved and fed to the host via interface 202 } mn) ltﬂ this
data is retrieved, a suncheck Bis again built via oY *Wuncheck

Bis conpared with that in section 2184, via step 410, to ensure that
t here has been no corruption of the deconpressed data during storage and
retrieval .

Referring back to Fhgumg stén’i‘ o?@ar?zm?qgﬁé?@xﬂtthetfﬂﬁ r%gs%ﬂl/ﬂeé‘o MR, and
the interface 202 is a S interface. Currently, a |nterface can

transfer to sustain
hi gh i nt eg??{@1s&%@iéﬂ?%%f?%z%%gﬁf%&%s%zéf@%%fa@%%@iﬂgé%ég GRRE 2 compr oss
and then decorrpress each bl ock of data quickly enough to keep up with the
SCSI t r anIRROonAys: acconplish this, it is necessary that
conpressor/deconpressor 204 can conpress or deconpress data at a rate of
approximately 80 MB per second. Note that a RAMBUS having a data transfer
rate of 500 MB per second is capable of accommodating the total bandw dth
requi rements of al | 3d&ha systemasdfeChim whereinitheodomthoh bas fAither aompeisded f or
sust ai ned operati on. A nmet hod and system have been discl osed for
provi di ngrANRUSt egrity data conpression/ deconpression capability within
both high end and | ow end storage systens. The conpressor/deconpressor
used in the enbodi nents di scussed above, a CRAM is |ess expensive and
sinpler to fabricate than currently used approaches. In one enbodi nent,

t he net hod and syst rovide injegrity data
conpr essi on/ decorrprgs Wo‘gségﬁ‘&ﬁwgeﬁﬁg of two identical

the first compression/decompression means further comprises a first

content addressable memory and a first decoder coupled to the first content
addressable memory; and
the second means further comprises a second content addressable

memory and a second decoder coupled to the second content addressable memory.

5. The system of Claim 4 further comprising a controller coupled to
the first compression/decompression means and the second
compression/decompression means for designating one of the first
compression/decompression means and the second compression/decompression as
the master device and the other of the first compression/decompression mean and

the second compression/decompression means as a slave device.

6. The system of Claim 5 wherein the first compression/decompression

means further comprises a first comparing means for comparing the second cutput

This Sheet Has Been Replaced
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conpressor/deconpressors as a MASTER and the other as a SLAVE. Both then
operate sinultaneously to conpress or deconpress data. The MASTER pl aces
its result data into buffer storage, while the S " iiS data
stream and checks that it is identical to its ovi@@ﬂm““lgﬁﬁlgmeam

I n anot her enbodi nent, only a single conpressor/d npressor eonponent is
provided. The single conpressor/deconprggsor is then used either to
conpress and then deconpress a block of data, or alternatively to
deconpress and then conpress i ] .

20 a bl ockodhedistaoupuinthdeksecand coDipressi/ EEOMPSERIRR MEARHS LofFfSEd wi t h
previous stored suntheck values, to check both the integrity of the data
st orage bufdeice; harditisr secand dohepresvigu/desinpreskion mpass SuBhehePEREES. 2 As a
result, each enbodi nent provides conpression/ deconpression capability as

vel | as datqchwd E6kpafih® nadhsGopabidpating thé fifsteoutpen® thehdegbnd atugput if the
integrity. Rccordi ngly, the system and nethod provi de conpression

and deconpr j . j i iceNtegrity using a
si npl er anoﬁgﬁg%ggfe%élg oe%gn Eﬁ%ﬁ%}g?%%?&eé ﬁig)‘é{‘ie?ﬁghﬁlge of two such
conponents in high end systens, dual host interfacing and a better |evel
of conpression hardware checking may be provided. The |ow end systens can
use a single conponent only and are thus able to gffer data int e%i

checki ng conpar abl e tB Thesystem oitClaing ¢ wheredy thedisst compapng mans Q&%ﬁl e
i denti cal conponent across the whole range of systens offers further
advant ages dompriyess efmpaatayi &l tie saahd comparinginmesins fyethey woinprisewaabl e

to be produced in high vol une. Al t hough the present invention has
been descri&ﬁgﬁdrgt ccordance with the enbodinments shown, it will be
readi |y recogmi zed by one of ordinary skill in the art

8. The system of Claim 7 wherein the controller designates the first
compression/decompression means as the master device and the second
compression/decompression means as the slave device when data is provided via the
first interface, and designates the first compression/decompression means as the
slave device and the second\compression/decompression as the master device when

the data is provided via the second interface.

S. A method for providing data compression with high data
integrity comprising the steps of:
providing a first compression/decompression means coupled to a
first interface and a storage means, the first compression/decompression means for
compressing data provided via the first interface, and for decompressing data from
the storage means, the first compression/decompression means also providing a first

data streant;
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that there could be variations to the enbodi nents, and those vari ati ons
would be wthin the spirit and scope of the present invention.

Accordi ngly, many nodifications nmay be made by i Kill in
the art without departing fromthe spirit and sgﬂﬁmﬂﬂﬂﬂ!&ﬂmﬂmded
cl ai nms. o L2k -5

CLAIMS What is clained is: 1. A system for providing data
conpression with high data integrity, the systemincluding a first
interface, a second interface and a storage nmeans, the system conpri sing:

first compression/deconpr ess)ifihgPanDuay ep%@sss&ué&% | e8dion Maibachpans

the storage neans, the fi rst colfpression onpr essi o nmeans for

conpressin t e i r fac d for deconpressing
data from g’?]gi?e ocgg {% gdr?é %tdhe fsft&{aégé%rr%{;e{shgl%ﬁcf%gconpr ession neans al so
providing a first a stream and secon np i on/ eco ression
means coupF‘é‘&pf‘??siol‘}Z‘iesCQE%Gsz‘?ﬂ Bepas for, ?ﬂi“ﬁrﬁés%ﬁ g?fagém??é%ﬁ d
conpr essi on/ deconpre53| on neans for corrpre55| ng data provi ded VI a the
second i nt @teEaec and fedecnsepiesting dptyfiram Bersiege meagsotiggiecaBlns, the
second conpressi on/ deconpressi on neans al so providing a second data stream
each of theothpreatioardbcanprasticionpans alsoprdddmgy sscondriate atrsaipei ng able to
nonitor both the input and output of the other via a conmmon shared

interface to the storage [BRRSH the ﬁrstcoxﬂ‘?ﬁ&ﬁbﬂ)’dé&ﬁn prieésibn means monitors
conpr essi on/ deconpr essi on neans nonitors the second data stream and

conpar es. t&fefe%%ﬂﬁ%a@a?&&eéh "3t 2 arulégt!‘n% 5&%39%%% %'tﬁetﬁ}?) td ond

conpressi on/ deconpressi on nmeans I S evi ce, and whereln e second

conpr essi on/ decq ressm nmeans L,tors the first data s m.and conpar es
Che T it ot - Hneam of B sicoBd M BesnmIc R Ter ek onss i ashdrdevice) and

conpr essi on/ deconpression neans is the master device. 2. The system
of claim 1, wherein the fwhsteindhpseemideprepiesyipn/decompression snéanscoopites t o
t he second conpressi on/ deconpressi on neans t hrough a comon bus. 3.

ng syst entl¥ first data SKrearh eindi confrres dretirst dat $treanhes the seuondedata SBAMBUE

the first compression/decompression means is the master device.

10. The method of Claim 9 further comprising the step of:
provid\iﬁg a common bus, the common bus for coupling the first
compression/decompression means and the second compression/decompression

means.

11. The method of Claim 10 wherein the common bus further

comprises a RAMBUS.

12. The method of Claim 11 wherein:
the step of providing the first compression/decompression

means further comprises the step of providing a first content addressable memory



4. The system of claim 3, wherein: the first

conpr essi on/ deconpr essi on neans further conprises a first content
addressabl e nenory and a first decoder coupl ed t()ﬁﬂni i ent

addr essabl e nenory; and t he second mneans ’MM?&#E@WE’F a
second content addressable nenory and a second decddef cou t he
second content addressabl e nenory. 5.25 The system of claim4, further
conprising a controller coupled to the first conpression/deconpression
means and the second conpressi on/ deconpressi on neans for designating one of

the first GATPKES SLON ASGRIRLLRS LRI AR AR S AFE

) ory; and
conpr essi on conpressi on Ice an trﬁé ot her of the

first conpression/deconprgssjon ans..and the secaond . .

conpr essi on/ deconpr essi oﬁﬁ?n?ge soggmvédl% eesedzé’{}lg(fgfnpregwn/ decopipressiofiom of
claim5, wherein the first conpression/deconpression nmeans further

conpri ses MEAMS rfg{t&lébﬁ‘b‘&ﬂ 185 ﬁ%@aﬁﬁ%f’ rh Pr%‘ﬁg’ﬁ&rai }RYORA LOBETS ﬁgdﬁ?ﬁs MEMHPY
first output if the second conpressi on/ deconpressi on nmeans i s a naster
devi ce; amddtzhsecond sledodengmepded tmilesssopd contenh addeaseatile mempriconpri ses a
second conparing neans for conparing the first output to the second out put
if the first conpression/deconpression neans is a master device. 7.

The system of .claim 6, wherein the first conparing means further conprises

B oorpatar 0" 3nd the, 25ERANGETTRCIRG IRRfthl UbhBBkI WIS Providing a

conpar at or . 8. system of claim 7, rel tro

designates the, firs ressi.on/ deconpr,essi on weans . as_,the nmaster
dovi ce- anentrolier cuiplesh 5 ik i SOmiF R RE YR oo Bibnt 2od e sePaRd
devi ce when data is_provided via the first interface nd designates the
first conpPapsessiondlesommresionmesnsfer desigatingongoffheifiiat and the second
conpr essi on/ deconpressi on neans as the master device when the data is
provi ded eomprémionddemochprasstorf means and the second compression/decompression as a
-23 - 9 A nmet hod for providing data conpression with high data

integritynfRmE dévidOaid the 6fRPDf Ahe first compreic/icionsbrasdibd Biean and the
conpr essi on/ deconpressi on neans coupled to a first interface and a storage

means, th I.[1S 19@ i ressi conpressi ng data
provi ded \E/?Jadntdhée{m? rS{x&ﬁ/?}l{eg%ggeg%gr%é@g%ﬁ%ﬂ%flé@é%ng data fromthe
storage neans, the first conpression/deconpression neans al so providing a
first data stream

C

14. The method of Claim 13 wherein:

‘ the step of providing the first compression/decompression
means further comprises the step of providing a first comparing means for
comparing the second output to the first output if the second
compression/decompression means is a master device; and

the step of providing the second compression/decompression
means further comprises the step of providing a second comparing means for
comparing the first output to the second output if the first

compression/decompression means is a master device.

15. The method of Claim 14 wherein the first comparing means further
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24 provi ding a second conpressi on/ deconpressi on neans
coupled to the second interface and the storage neans, the second

conpr essi on/ deconpr essi on nmeans for conpressing daﬂﬂlﬂﬂ he
second interface and for deconpressing data from ﬁﬂ n&@uﬂ

second conpressi on/ deconpressi on neans al so providi‘ng®a Sedbnd dat a
stream wherein the first conpression/deconpression
means nmonitors the second data stream dnd conpares the second data stream
to the first data streamif the second conpression/deconpression neans is
a mast er devinpeisemadomparator; and the second co@ruEng ntdaas fexbexicomprises a

conpr essi on/ deconpressi on neans nonitors the first data stream and
conpar es tbempiaksbrdata streamto the second data streamif the first
conpr essi on/ deconpressi on neans i s the master devi ce. 10.
The method of Caim9 further conprising the step of:

provi ding a comon bus, the common bus for coupling the first

rmans. O CecomPresE. oinE LR RE L PEAR B RERTINR ERATRECR i

further co r ses hod of, Claim 11
wher ei n: p'ressmn?decompressmza Fieag &5 thA mapgy faving Sepaly srednd

conpre33|on/deconpre55|on means further conprises the step of providing a
first conteompaessionddetomprassion yneans as the slave device when data is provided via the

first interface, and designates the first compression/decompression means as the
slave device and the second compression/decompression as the master device when

the data is provided via the second interface.

17. A method for providing high integrity iccmpression of data at low

cost comprising the steps of:

(a) performing a first error check on the data;

. (b) ."st_qring the first error check;

{c)  providing the data to a compression/decompression
means;

(d) compressing the data to provide a data stream;

(e}  storing the data stream;

(f)  providing the data stream to the
compression/decompression means;

{g) decompressing the data stream;

{h)  performing a second error check on the decompressed

output; and
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- 25 - and a first decoder coupled to the first content addressable nenory;

and the step of providing the second conpressi on/ deconpressi on
nmeans further conprises the step of providing a secﬂm‘@wlﬁﬂmﬁ@ﬂmssabl e
menory and a second decoder coupled to the second ¢'8 ! |l e
menory. 13. The met hod of claim 12, further conprising the step of

providing a controller coupled to the, first conpression/deconpression
nmeans and the second conpression/ deconpression nmeans for

desi gnati ng one of the first conpression/deconpressi on neans and
the second conpressi on/ de@dnpr eewparingshhsccadd eflos chack & tie{ir<STERd t he
other of the first conpression/ deconpression neans and the second

conpr essi aelledconpr essi on means as a sl ave devi ce. 14. The net hod of
claim13, wherein: the step of providing the first

conpr essi on/ deconpressi on nmeans further conprises the step of providing a
first conparing nmeans for conparing the second output to the first output

if the second Conprefzﬁim% &Fece&&a)@?%ﬁéiﬁmme&-ﬁtegp@%ﬁf rQ%gﬂ fhe 804 to

the step of providing t second conpressi on/ deco Ssi on s further

conprises the.step of providing a second ¢o [ means for conparing the
first out p?ﬁowfeot%ﬁfgﬁgéém tcop*pqﬁ&}qngg s @i?)rrpressi on/ deconpr essi on
neans i s a naster device. 15. The net god of claim 14, wherein the
first comparing means fur{dor eompressiag the é@rﬁﬁdﬂ&?’gﬁ;a #a strranyaashg
conparing neans further conprises a conparator. 16. The nethod of
claim 15, wherein the cod2)ol performiiggntitivdserréuecleck sin the data stream; and
conpressi on/ deconpression neans as the nmaster device and the second

conpr essi oghsiREPSRH {EF sRitinpPaRsdas shidemstuather 8Mprisesientdftar: i s provi ded
via the first interface, and designates the first

conpr essi on/ deconpr essi On(ééganﬁc?ﬁg:tﬁgdﬁtaaé@eaﬂ?‘éinﬁe and the second

conpr essi on/ deconpr essi on ans as e master device when the data is

provi ded via the second i{]et?srfs%?ihg the third error check.

19. The method of Claim 18 wherein step (f) providing the data stream
to the compressionjdecoxr_}pression means further comprises the steps of:
(f1) ‘providing the data stream to the
compression/decompression means;
(f2) performing a fourth error check on the data stream
provided to the compression/decompression means; and
(f3) comparing the fourth error check to the third error

cheék.

20. The method of Claim 19 wherein step (¢) providing the data to the
compression/decompression means further comprises the steps of:

(cl) providing the data stream to the
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- 26 - 17. A method for providing high integrity conpression of data

at |l ow cost LS he steps of: (a) performng a first
error check oH'ﬂ"E’ME!HﬂM’ﬂML (b) storing the first error check;
(c) providing the yt Og & 'Bonpr essi on/ deconpr essi on neans; (d)

conpressing the data to provide a data stream the step of conpressing the
data further including the steps of: o8 (d1) conpressing the
data to provide the data stream and (d2) perform ng a second
error check on the data stream (e) storing the data stream the
step of steoniprgsditgddadmpsissieameancs udi ng the steps of: (el)
storing the data stream and (e2) storing the second error
check; (f) providig2y tperteahmesd fitthrortar dhbek on the data provided to
conpr essi on/ deconpr essi on neans, the step of providing the data streamto

the compr qpsicapiieaasmEesshpitsiBaiteddic ki ng the steps of

(f1) providing e data streamto the conpressi on/deconpressi on neans;

(f2) perforning a third e(%g;ﬂé&ﬁé%réﬂg tﬂé‘ﬁftﬂaetrxaor%%{a@ggﬂ g{)eofﬂs@%grc}rqil]mtggghi fd

conpr essi on/ deconpr essi on nparing t

error check to the second error check; (g) deconpressing the data
stream (h) performng a fourth error check on the deconpressed

out put; and . (i) conparing the fourth error check to the first error

check.  18. The2 heThednedbiodizClaim 29, whereinesteps @ p(c2), (i1pr(dd).candy

the data to the conpression/deconpression neans further conprises the

steps of ! (el) occur subSthhtiBllpirtMsndoelydat a streamto the
conpr essi on/‘deconpr essi on neans; (c2) performing a fifth error

check on the data provided to the conpression/deconpressi on neans; and

22. The method of Claim 21 wherein steps (f1), (£2), (g), and (h)

occur substantially simultaneously.

23. A method for providing high integrity decompression of data at

low cost comprising the steps of:

(a) | ".‘p_@rfonning a first error check on the data;

(b) stc;ring the first error check;

(c) providing the data to a compression/decompression
means;

(d)  decompressing the data to provide the data stream;

(e) storing the data stream,

(fy  providing the data stream to the
compression/decompression means;

(g) compressing the data stream;

(h)  performing a second error check on the compressed data
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(c3) conparing the fifth error check to the first error check.

- 27 - 19. The nmethod of claim 18, wherein steps (cl), (c2), (dl),

(d2), and (el) occur simultaneously. 20. The net hod of claim 19,
wherein steps (f1), (f2), (g), and (h) occur substanti ' usly.
21. A method for providing high integrity decorrpreslgmﬂ uﬂﬁ'ﬁmmrgﬂﬂl ow
cost conprising the steps of: %a) performng s Ikirsl €rrsor sCheck
on the data; (b) storing the fitst error check; (c)
providing the data to a conpressi on/ deconpressi on neans; (d)
deconpr esstmegnyt;, hendlata to provide the data stream the step of
deconpressing the data further including the steps of: (d1)
deconpressing the data tqjprovidigpdrivg dtcsid €46t cBetk to the first error  (d2)
perform ng a second error check on the data stream (e) storing
the data siegam the step of storing the data streamfurther including the
steps of: (el) storing the data stream and

(e2) storing the second error check; (f) providing the data stream

to the conpressi on/ deconpressi on neans, the step of providing the data
streamto the conpressiQn/ deconpr l,on,,means, further .i ncludin he, st eps
o : o N Y, SR ShaBiusiep 8) dpgpmpresaiy th Gafa
conpr essi on/ deconpr essi on neans; L (f2) performng a third
error chedw psavidadheldate streasa fupthev camgrises thpsteps of:

(d1) decompressing the data to provide a data stream, and

(d2) performing a third error check on the data stream; and

wherein step (e) storing the data stream further comprises the steps of:

(el} storing the data stream, and

(e2) storing the third error check.

25. The method of Claim 24 wherein step (f) providing the data stream
further comprises the steps\of:
(f1) providing the data stream fo the
compression/decompression means;
(f2) performing a fourth error check on the data stream
provided to the compression/decompression means; and
(f3) comparing the fourth error check to the third error

check.

26. The method of Claim 25 wherein step {c) providing the data to the

compression/decompression means further comprises the steps of:
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conpr essi on/ deconpr essi on neans; and (f3) conparing the third

error check to the second error check; (g) conpressing the data
stream (h) performng a fourth error chei&”gﬂm sed data
stream and (i) conparing the fourth erraors "ﬂﬂgﬁ%ﬁiﬁ rst
error check. € L TR g ENDD

The nmethod of claim 23, wherein step (%) providing the data to the
conpr essi on/ deconpr essi on neans furt her® conprises the steps of:

(cl) providing the data streamto the gonpression/ deconpression neans;

(c2) performing a fifth erf ﬁ@ﬁ’l@’%ﬁie@tﬁéﬁﬁmﬂrt&/‘ﬁﬁed to the

conpr essi on/ deconpr essi on neans; and (c3) conparing the fifth error
check to thempiressionileeompResiqn meaps; The met hod of claim 22, wherein
steps (cl), (c2), (dl), (d2), and (el) occur sinultaneously. 24, The
nmet hod of claim 23, wherei(o2st gusfariipg a(fifth errpyyphecknen the) defequrovided to
substantially simultaneously. 25. A system for providing conpression
of data wi e bbmprékeica/detorbisiortineaayy andst, the system including a
storage neans and an interface, the system conprising: a single

COMPr esSOT / deconpr essor cQupl el (HeQiANEEP BRECKANHE s Bt b or
omt I n

conpressing data provided Tr erface and deconpressi ng conpressed
data provided by the storage neans; wherein the single
conpressor/ deconpressor alternatively conpresses a portion of the data to

provi de a conpressed data stream and_dec esses a rtiQn t
conpressed data streah Themsdhed of (Jam g%@Fﬁ;Pé ((gﬁ)at(%ﬁs(ﬁ?ba@f)’ and

corresponding to the portion of the data,; error conparing neans for
conparing (¢B eautisnbstantislhesidadtneousihe portion of the conpressed data
stream after deconpression; and wherein the storage neans further

i ncludes a buffer having a plurality of sections, a first section of the
plurality of sections for storing the portion of the data, a second section

of the plurality of %Ft@égﬁ“‘;‘?“%m‘. 20 wWhetSh s@gg&fgg@%@jaﬁ@@porti on

of the data, a third'sec of the plurality of s storing the

portion of the c ressed.data stream and a fourth section of the
plurality W%ﬂ%%aﬁﬁﬁ@%qws *second error check of the portion of
2

t he conpressed data stream 6. The system of claim 25, wherein the
error conparing neans further conprises:

29. A system for providing compression of data with high data
integrity at low cost, the sjétem including a storage means and an interface, the
system comprising:

compression/decompression means coupled to the storage
means and the interface for compressing data provided from
the interface and decompressing data provided by the storage means; wherein the
compression/decompression means compresses data to provide a data stream to the
storage means, and after compression of the data is completed, decompresses the
data stream to provide a decompressed data stream; and

error comparing means for comparing the data to the

decompressed data stream.
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- 29 - first error check nmeans for performng a first error check

on the portion of the data; second error check neans for
perform ng a second error check on the portion of t

stream after deconpression; and conparlng Eﬁiﬂl ng t he
first error check to the second error check. s?stentof claim
26, wherein the first error check neans further conprlses nmeans for
perform ng a first suncheck; and the se@dnd error check neans further
conpri ses neans for perforning a second suntheck. 28. The system of
claim 27, wherein thaosi pal &ySORRECRRY/ BAEARIPARUrbLEdiifhrine aiBAESES a
cont ent addressable nennry a coupled to the conten

addr essabl (;i_u{(g %( ms A system for providing deconpression of data
wi th high a’inte y at low cost, the systemi ncl udi ng a storage neans
and an interface the syst

conpr essor / deconpr essor ¢ st COHFSLSI ng‘§’f18§ ?ﬁjé’mn%ﬁ’g efiRT Ghsek e ¢ or

conpressi ng data provided fromthe i nterface and deconpressing conpressed
data provid#® by the storage means; wherein the single

conpressor/ deconpressor alternatively deconpresses a portion of the
conpressed data to provi deceontherrosicheadkmmans forperfssdsg an epront élrckain the
data stream the portion of the data stream corresponding to the portion of

the conpreseedm@ddsded data stream:Sad®r conparing nmeans for conparing the
portion of the Conpressed data to the portion of the data stream after

conpressi on; and r t
buffer having a pl uralityég%se é%%sssf&%g&sa?ﬁge {ﬁg%t%f ﬁel"%kéf% ity of
sections for storing thii portion of the conpressed data, a second section
of the pl u,sgq:qqci/)ezgprg € ons for storing a first error check of the
portion of the conpressed data, a third section of the plurality of
sections for storing the portion of the data stream and a fourth section
of the plurality-of sections for storing a second error check of the
portion of the data it e€Hhe system of Claim 30 wherein the first error check means

further comprises means for performing a first sumcheck; and the second error

check means further comprises means for performing 2 second sumcheck.

. 32. The system of Claim 31 wherein the compression/decompression
means further comprises a content addressable memory and a decoder coupled to

the content addressable memory.

33. A system for providing decompression of data with high data
integrity at low cost, the system including a storage means and an interface, the
system comprising:

compression/decompression means coupled to the storage
means and the interface for compressing data provided from the interface and

decompressing data provided by the storage means; wherein the
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-30 - 30. The system of claim 29, wherein the error conparing neans
further conprises: first error check neans for perform ng a first
error check on the portion of the conpressed data; rror

check nmeans for performng a second error check on \“&N&@ he dat a
stream after conpression; and conpar i ng rre Wpa¥ing the
first error check to the second error check. * The system of claim

30, wherein the first error check neans3% urther corrprlses means for
performng a first suncheck; and the second error check nmeans further

glog}):nl gi%o\ﬂl\ﬁﬁgéxcfrggl%&% roers H%@az?sed:%g}pzk'ﬁg@%kdata té%rowde Ehgataysat&m of

erein conpr essor/'deconpr essor rther conprises a
;33: gg ; ag? 3£1 ?ée.e means, Xné1 gte?‘ dgggn%g%ssxog WPirdald i QSm%?&reﬁnEompresses
the data stream to provide a compressed data stream; and

error comparing means for comparing the data to the

compressed data stream.

34. The system of Claim 33 wherein the error comparing means
further comprises:
first error check means for performing an error check on the
data;
second error check means for performing an error check on the
compressed data stream; and
comparing means for comparing the first error check to the

second error check.

35. The system of Claim 34 wherein the first error check means
further comprises means for performing a first sumcheck; and the second error

check means further comprises means for performing a second sumcheck.

36. The system of Claim 35 wherein the compression/decompression
means further comprises a content addressable memory and a decoder coupled to

the content addressable memory.
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