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IN THE UNITED STATES DISTRICT COURT

FOR THE EASTERN DISTRICT OF TEXAS

TYLER DIVISION

 
 

 
 

 

 
 

REALTIME ADAPTIVE STREAMING

LLC, Case No. 6:17—cv—567

Plaintiff, JURY TRIAL DEMANDED

V.

ECHOSTAR TECHNOLOGIES L.L.C.,

DISH NETWORK L.L.C., AND ARRIS

GROUP, INC.,

Defendants.

COMPLAINT FOR PATENT INFRINGEMENT

This is an action for patent infringement arising under the Patent Laws of the

United States of America, 35 U.S.C. § 1 et seq. in which Plaintiff Realtime Adaptive

Streaming LLC (“Plaintiff’ or “Realtime”) makes the following allegations against

Defendants EchoStar Technologies, L.L.C., DISH Network L.L.C., and Arris Group,

Inc.:

was

1. Realtime is a Texas limited liability company. Realtime has a place of

business at 1828 E.S.E. Loop 323, Tyler, Texas 75701. Realtime has researched and

developed specific solutions for data compression, including, for example, those that

increase the speeds at which data can be stored and accessed. As recognition of its

innovations rooted in this technological field, Realtime holds multiple United States

patents and pending patent applications

2. On information and belief, EchoStar Technologies, LLC. is a Texas

limited liability company with its principal place of business at 11717 Exploration Lane,

Germantown, MD 20876 and a regular and established place of business at 10303 E

DISH 1031
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Bankhead Hwy # 100, Aledo, TX 76008. See, e.g., htgps:ffwww.yellowgagescomfaledo-

txfmipfechostar—satellite-l 1408900. Upon information and belief, EchoStar Technologies,

L.L.C. has a regular and established place of business in this District. On information

and belief, EchoStar Technologies, L.L.C. can be served through its registered agent,

Corporation Service Company D/B/A CSC-Lawyers Inc., 211 E. 7th Street Suite 620,

Austin, TX 78701. EchoStar Technologies LLC is an indirect subsidiary of DISH

Networks LLC. EchoStar Technologies LLC designs the set-top boxes used to deliver

the DISH TV service.

3. On information and belief, Defendant DISH Network L.L.C. (“DISH”) is

a Colorado limited liability company with its principal office at 9601 S. Meridian Blvd.,

Englewood, CO 80112 and a regular and established place of business at 1211 Broad St,

Wichita Falls, TX 76301. See, e.g., httpsflwww.mapguest.c‘om/usftexasfbusiness—

Wichita-fallstISH-tv-9269051. Upon information and belief, DISH Network L.L.C.

has a regular and established place of business in this District. See, e.g.,

htms:flwww.DISI-I.comiavailabilityftxfbeaumont (“Get DISH TV Programming in

Beaumont, Texas”). On information and belief, Defendant DISH Network L.L.C.

conducts business throughout the United States, including in this District. On

information and belief, DISH can be served through its registered agent, R. Dodge

Stanton, 9601 S. Meridian B1vd., Englewood, CO 80112. EchoStar Technologies, L.L.C.

and DISH Network L.L.C. are hereinafter referred to collectively as “DISH” or “Dish”.

4. On information and belief, Defendant Arris Group, Inc. (“Arris”) is a

Delaware Corporation with its principal office at 3871 Lakefield Drive, Suwanee, GA,

30024. On information and belief, Arris maintains a regular and established place of

business in this District, for example, at 101 E Park Blvd, Plano, TX 75074. See, e.g.,

http:h’www.buzzfile.comfbusinesszrris—Group,-Inc.—972-S46-1700. On information and

belief, Arris maintains a regular and established place of business at 4516 Seton Center

Pkwy, Suite 185, Austin, TX 78759. See, e.g., hfip:z’fwww.Aniscom/companyfofficesf.
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On information and belief, Defendant Arris conducts business throughout the United

States, including in this District. On information and belief, Arris can be served through

its registered agent, Corporation Service Company, 40 Technology Pkwy South, #300,

Norcross, GA 30092.

5. On information and belief, EchoStar, and DISH promotes and offers for

sale DISH and Sling-branded products and services which infringe certain asserted

patents. Accordingly, each of the Defendants is properly joined in this action pursuant to

35 U.S.C. § 299.

6. On information and belief, Arris sells and offers for sale products and

services incorporating technology from Sling Media which infringes certain asserted

patents. Accordingly, Arris is properly joined in this action pursuant to 35 U.S.C. § 299.

JURISDICTION AND VENUE

7. This action arises under the patent laws of the United States, Title 35 of

the United States Code. This Court has original subject matter jurisdiction pursuant to 28

U.S.C. §§ 1331 and 1338(a).

8. This Court has personal jurisdiction over EchoStar Technologies L.L.C. in

this action because EchoStar Technologies L.L.C. has committed acts within the Eastern

District of Texas giving rise to this action and has established minimum contacts with this

forum such that the exercise ofjurisdiction over EchoStar Technologies L.L.C. would not

offend traditional notions of fair play and substantial justice. EchoStar Technologies

L.L.C. directly and through subsidiaries (including DISH) or intermediaries (including

distributors, retailers, and others), has committed and continues to commit acts of

infringement in this District by, among other things, offering to sell and selling products

and/or services that infringe the asserted patents. In addition, EchoStar Technologies

L.L.C. is incorporated under the laws of the state of Texas. Furthermore, upon

information and belief, EchoStar Technologies L.L.C. has a regular and established place

of business at 10303 E Bankhead Hwy # 100, Aledo, TX 76008. See, e.g.,
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htms:ffwwwyellowpages.corn/aledo—txx’mipfechostar—satellite-l 1408900. Upon

information and belief, EchoStar Technologies L.L.C. has a regular and established place

of business in this District.

9. This Court has personal jurisdiction over DISH Network L.L.C. in this

action because DISH Network L.L.C. has committed acts within the Eastern District of

Texas giving rise to this action and has established minimum contacts with this forum

such that the exercise of jurisdiction over DISH Network L.L.C. would not offend

traditional notions of fair play and substantial justice. DISH Network L.L.C. directly

and/or through subsidiaries (including one or more of the named Co-Defendants) or

intermediaries (including distributors, retailers, and others), has committed and continues

to commit acts of infringement in this District by, among other things, offering to sell and

selling products and/or services that infringe the asserted patents. For example, DISH

Network L.L.C. advertises, “Get DISH TV Programming in Beaumont, Texas”. See, e.g.,

ht_tps:waww.DISI-I.comfavailabilityftx/beaumont. Upon information and belief, DISH

has a regular and established place of business at 1211 Broad St, Wichita Falls, TX

76301. See, e.g., httpsflwww.mapguest.corn/us/texas/business-wichita-falls/DISH—tv—

9269051. Upon information and belief, DISH Network L.L.C. has a regular and

established place of business in this District. See, e.g.,

httpsn’fwww.DISH.com/availability/txfbeaumont (“Get DISH TV Programming in

Beaumont, Texas”).

10. This Court has personal jurisdiction over Arris Group, Inc. in this action

because Arris Group, Inc. has committed acts within the Eastern District of Texas giving

rise to this action and has established minimum contacts with this forum such that the

exercise ofjurisdiction over Arris Group, Inc. would not offend traditional notions of fair

play and substantial justice. Arris Group, Inc. directly and/or through subsidiaries

(including one or more of the named Co-Defendants) or intermediaries (including

distributors, retailers, and others), has committed and continues to commit acts of
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infringement in this District by, among other things, offering to sell and selling products

and/or services that infringe the asserted patents. On information and belief, Arris

maintains a regular and established place of business in this District, for example, at 101

E Park Blvd, Plano, TX 75074. See, e.g., hfip:wawbuzzfile.comfbusinesszrris-

Groug,-Inc.-972—546-1700. On information and belief, Arris also maintains a regular and

established place of business at 4516 Seton Center Pkwy, Suite 185, Austin, TX 78759.

See, e.g., http:ffwww.Arriscomfcompanylofficesfi

11. Venue is proper in this district under 28 U.S.C. §§ 1391(b), 1391(0) and

1400(b). Defendant Echostar Technologies L.L.C. is incorporated in Texas. Upon

information and belief, all Defendants have transacted business in the Eastern District of

Texas and have committed acts of direct and indirect infringement in the Eastern District

of Texas. In addition, Echostar maintains an Uplink & Broadcast Center in Texas located

at 710 Conrads Ln. , New Braunfels, TX 78130. See

ht_tp:Hwww.echostar.comfcompanyflocationsaspx. In addition, on information and belief,

EchoStar has a regular and established place of business at 10303 E Bankhead Hwy #

100, Aledo, TX 76008. See, e.g., httpszflwww.yellowpages.conflaledo-txfimipfechostar-

satellite-1 1408900. On information and belief, DISH has regular and established places

of business in this District. For example, DISH advertises, “Get DISH TV Programming

in Beaumont, Texas”. See, e.g., hgtps:r'fwww.DISI-l.comfavailabilityftxfbeaumont. On

information and belief, Arris maintains a place of business in this District at 101 E Park

Blvd, Plano, TX 75074. See, e.g., httpflwww.buzzfile.comfbusinesszrris—Group,-Inc.-

972-546-1700. On information and belief, Arris also maintains a regular and established

place of business at 4516 Seton Center Pkwy, Suite 185, Austin, TX 78759. See, e.g.,

htgp:lfwww.An-iscoma’companyr’officesf.

ASSERTED PATENTS

12. The asserted patents are US. Patent Nos. 8,867,610 (“the ‘610 Patent”)

and 8,934,535 (“the ‘535 patent”) (collectively, “Asserted Patents”).
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13. The Asserted Patents have been cited as prior art during the prosecution of

at least 400 patent applications of Realtime and other companies. Those other companies

include well-known technology companies such as: Quantum, Fujitsu, IBM, Seagate,

STMicroelectronics, Cisco, LSI, Skyfire Labs, Chicago Mercantile Exchange, Thomson

Reuters, OSR Open Systems Resources, Exegy, RIM, Renesas, Red Hat, Xerox, and

Microsoft.

COUNT I

INFRINGEMENT 0F U.S. PATENT N0. 8,867,610

14. Plaintiff Realtime realleges and incorporates by reference the foregoing

paragraphs above, as if fully set forth herein.

15. Plaintiff Realtime is the owner by assignment of United States Patent No.

8,867,610 (“the ‘610 Patent”) entitled “System and methods for video and audio data

distribution.” The ‘610 Patent was duly and legally issued by the United States Patent

and Trademark Office on October 21, 2014. A true and correct copy of the ‘610 Patent is

included as Exhibit A.

16. On information and belief, DISH has made, used, offered for sale, sold

and/or imported into the United States DISH products and services that infringe the ‘610

patent, and continues to do so. By way of illustrative example, these infringing products

include, without limitation, DISH’s streaming video products and services compliant with

various versions of the H.264 Video compression standard, such as, e.g., the DISH TV

service, and all versions and variations thereof since the issuance of the ‘610 patent

(“DISH Accused Instrumentalities”). See, e. g. ,

hgps:lz‘fomm.DISH.comfviewtopic.php?t=9864&p_=58341 (“[S]atellite services (e.g.,

DirecTV, XstreamHD and DISH Network) utilize the 1080p/24—3O format with MPEG-4

AVC/H.264 encoding for pay—per-View movies that are downloaded in advance via

satellite or on—demand via broadband”); 13th:fr'www.satelliteguys.usfxenftlreadsr’hd-

bitrate-is-under-S-mb-s-for—most—channels-is-this-con‘ect256211f (“For HD video DN



Case 6:17-cv-00567 Document 1 Filed 10/10/17 Page 7 of 29 PagelD #: 7

exclusively uses H.264 compression (sometimes ambiguously referred to here as MPEG-

4, as there is more than one MPEG-4 video compression format). H.264 is about 2X more

efficient than MPEG-2 for the same video quality”).

17. On information and belief, Arris has made, used, offered for sale, sold

and/or imported into the United States Arris products and services that infringe the ‘610

patent, and continues to do so. By way of illustrative example, these infringing products

include, without limitation, Arris’s streaming video products and services compliant with

various versions of the H.264 Video compression standard, such as, e. g., Arris M84000,

and all versions and variations thereof since the issuance of the ‘610 patent (“Accused

Instrumentalities”). See, e. g., hfipzflwww.Arriscomfproductsfmedia-streamer-ms4000i

(“Transcode to H.264 with adaptive bitrate up to 4 Live/DVR streams”).

18. On information and belief, each of DISH and Arris has directly infringed

and continues to infringe the ‘610 patent, for example, through its own use and testing of

the Accused Instrumentalities, which when used, practice the method claimed by Claim 1

of the ‘610 patent, namely, a method, comprising: determining, a parameter or an

attribute of at least a portion of a data block having video or audio data; selecting one or

more compression algorithms from among a plurality of compression algorithms to apply

to the at least the portion of the data block based upon the determined parameter or

attribute and a throughput of a communication channel, at least one of the plurality of

compression algorithms being asymmetric; and compressing the at least the portion of the

data block with the selected compression algorithm after selecting the one or more

compression algorithms.

19. The DISH Accused Instrumentalities determine a parameter of at least a

portion of a video data block. Different parameters correspond with, for example,

different moment to moment requirements, e.g., the degree of motion of a video data

block at any given time. See, e.g., hgp:ffwww.satelliteguys.uslxenfthxeadslhd-bitrate-is-

under—5«mb-s-for-most-channels—is-thjs-correct.25621ll (“Subtracting out the audio data
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rates, most of the DN HD channels clock in less than 4 Mbit/s for the video stream.

However these rates are averages only. DN multiplexes several HD channels per

transponder, and their comgressors can dynamically allocate higher or lower rates

for each channel based on moment to moment rcguirements. A static scene on one

channel would reguire far less than a high action scene on another. Still the data rates

do not appear to change drastically and the average rate does appear to be a reasonable

predictor of video quality. Furthermore DN reduces the resolution of a number of

their HD channels from 1920x1080 to 1440x1080. This leads to a softer picture more

amenable to higher compression”).

20. The Sling TV Accused Instrumentalities determine a parameter of at least

a portion of a video data block, e.g. based on different types of content.

hgpsflr‘www.cuttingcordscomfhomeflo15K2z’9x’Sling-tv-technical-details (“First off, I

found out that the streams were of differing quality depending on what channel you were

watching. Sling has apparently tailored different encoding profiles to different {mes

of content which is nice. Below I have listed the encoding profile that each channel is

using. As you are probably aware, they are adaptive Quality and "lump between

various Qualities degending on how much bandwidth is available at any given

grid”).

21. The Sling Media Accused Instrumentalities determine a parameter of at

least a portion of a video data block. Different parameters are determined, for example,

based on statistics observed by the Slingplayer client. See, e.g.,

httpsflanswers.Slingboxcomfithrcadf3940 (“Sling Media believes their programming

methodology choses the best encoding parameteres based on the statistics observed by

the Slingplayer. You can see the statistics that it uses for the algorithim which

dynamically choses the parameters by pressing [A1t]+[Shift]+[i] while connected to the

Slingbox.”).

22. The DISH Accused Instrumentalities select one or more compression
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algorithms to apply to the at least the portion of the data block based upon the determined

parameter or attribute and a throughput of a communications channel, at least one of the

plurality of compression algorithms being asymmetric. See, e.g.,

http:ffwwwsatelliteguys.usfxenfthreadslhd-bittate—is—under—S-mb-s—for-most-channels—is-

this-correct.2562 1 ll (“Subtracting out the audio data rates, most of the DN HD channels

clock in less than 4 Mbit/s for the video stream. However these rates are averages only.

DN multiplexes several HD channels per transponder, and their comgressors can

dynamically allocate higher or lower rates for each channel based on moment to

moment reguirements. A static scene on one channel would reguire far less than a

high action scene on another. Still the data rates do not appear to change drastically and

the average rate does appear to be a reasonable predictor of video quality. Furthermore

DN reduces the resolution of a number of their HD channels from 1920x1080 to

1440x1080. This leads to a softer picture more amenable to higher compression”).

23. The Sling TV Accused Instrumentalities select one or more compression

algorithms to apply to the at least the portion of the data block based upon the determined

parameter or attribute and a throughput of a communications channel, at least one of the

plurality of compression algorithms being asymmetric. See, e.g.,

hggs:waw.cuttingcordscomlhomeflo15f22‘9fSling-tv-technical-details (“First off, I

found out that the streams were of differing quality depending on what channel you were

watching. Sling has apparently tailored different encoding profiles to different types

of content which is nice. Below I have listed the encoding profile that each channel is

using. As you are probably aware, they are adaptive gualig and jump between

various ualities de endin on how much bandwidth is available at an iven

fine”).

24. The Sling Media Accused Instrumentalities select one or more

compression algorithms to apply to the at least the portion of the data block based upon

the determined parameter or attribute and a throughput of a communications channel, at
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least one of the plurality of compression algorithms being asymmetric. See, e.g.,

httpsflanswers.Slingbox.com!threadf3940 (“Sling Media believes their programming

methodology choses the best encoding parameteres based on the statistics observed by

the Slingplayer. You can see the statistics that it uses for the algorithim which

dynamically choses the parameters by pressing [Alt]+[Shift]+[i] while connected to the

Slingbox.”).

25. Based on a throughput of the communications channel—reflected by the

max video bitrate—and resolution parameter identified, any H.264-compliant system

such as the Accused Instrumentalities would determine which profile (e.g., “baseline,”

“extended,” “main”, or “high”) and/or which “level” within a profile (which corresponds,

e.g., to a maximum picture resolution, frame rate, and bit rate) corresponds with that

parameter, then select between at least two asymmetric compressors. If, for example,

baseline or extended is the corresponding profile, then the system will select a Context-

Adaptive Variable Length Coding (“CAVLC”) entropy encoder. If, for example, main or

high is the corresponding profile, then the system will select a Context-Adaptive Binary

Arithmetic Coding (“CABAC”) entropy encoder. Both encoders are asymmetric

compressors because it takes a longer period of time for them to compress data than to

decompress data. See httpsflsonnati.wordgresscomfloo7f]0f29/how-h-264-works-part-

ii/

10
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Baseline ‘ Extended Main I-llgh i ngh10

1 and P Slices Yes Yes Yes Yes Yes

3 Slices No Yes Yes Yes Yes

SI and SP Slices No Yes No No No

Multiple Reference Yes Yes Yes Yes Yes
Frames 1

In-Loop Deblocking Filter Yes Yes Yes Yes Yes

CAVLC Entropy Coding ‘ Yes Yes Yes Yes Yes

CABAC Entropy Coding No No Yes Yes Yes

flexible Macroblock Yes Yes No No No
Ordering (FMO)

Arbitrary Sllee Ordering Yes Yes No No No
(A50)

Redundant Slices (RS) Yes Yes No No No

Data Partitioning No Yes No No No

Interlaced Coding No Yes Yes Yes Yes
(PIeAFF, MBAFF)

4:2:0 Chroma Format Yes Yes Yes Yes Yes

Monochrome Video No No No Yes Yes
Format (4:0:0)

4:2:2 chroma Format No No No No No

4:4:4 Chroma Format No No No No No

8 Bit Sample Depth Yes Yes Yes Yes Yes

9 and 10 Bit Sample No No No No Yes
Depth

11 to 14 Bit Sample No No No No No
Depth

8x8 vs. 4x4 Transform No No No Yes Yes
Adaptivity

Quantization Sealing No No No Yes Yes
Matrices

Separate Cb and Cr QP No No No Yes Yes
control

Separate Color Plane No No No No No
Coding

Fredlctlve tossiess No No No No No
Coding

See hm;:ffweh.cs.ucla.edufclassesr‘fa1103a’c5218fpapcr!H.264 MPEG4 Tutorial.pdf

at 7:

11
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'lhe following table summarizes the two moior types ol entropy coding: Variable length
Coding {VlCI and Conlexl Adaptive Binary Arithmetic Coding [CABAC]. CAEAC otters
superior coding ellicioney over VlC by adapting to the changing probability distribution
of symbols, by exploiting correlation ban-rear: symbols, and by adaptively exploiting bit
correlations using nrilbrnellc coding. H.264 also supporls Context Adoptive Variable length
Coding lCAViC} which offers superior entropy coding over VLC without the lull cost oi
CABAC.

H.264 Entropy Coding - Comparison at Approarhos

Characteristics Variable Length Coding Context Adaptive Binary

(VLC) Arithmetic CodinglCABAC)

O When it is used MPEG-2, H.264/MPEG—4 AVC
MPEGJ ASP (high omciency option)

. l'robobllity distribution sign: - Probabilities "our: may. . Adjusts
change probabilities based 6!"!

actual date

0 leverages correlation No - Conditional Yes - Exploits symbol
boMeen symbols probabilities ignored correlations by using'eontexts"

. Non-integer code words He- tow oodingefficioncy Yes - Exploits “arithmetic-
tarnish-probability symbols endings! tarnish generates

norm-alga. codewords hr

Hgborel'licioncy

 
Moreover, the H.264 Standard requires a bit-flag descriptor, which is set to

determine the correct decoder for the corresponding encoder. As shown below, if the flag

= 0, then CAVLC must have been selected as the encoder; if the flag = 1, then CABAC

must have been selected as the encoder. See

s:/fwww.itu.intfrecrdolo in ub.as ?lan —c&id=T-REC-H.264-201304-8!EPDF-   

E&type=items (Rec. ITU-T H.264 (04/2013)) at 80:

entropy_codl.ng_mode_flng selects the entropy decoding method to be applied for the syntax elements for which two
desa'iptors appear in the 53mm tables as follows:

— lfennopy_cod.ing_mode_flag is equal to 0, the method specified by the left descriptor in the syntax table is applied
(Exp-Golan]: coded, see clause 9.1 or CAVLC. see clause 9.2).

— Otherwise {entropy_coding_mode_flag is equal to l). the method specified by the right descriptor in the syntax table
is applied (CABAC, see clause 9.3).

26. The Accused Instrumentalities compress the at least the portion of the data

block with the selected compression algorithm after selecting the one or more,

12
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compression algorithms. After its selection, the asymmetric compressor (CAVLC or

CABAC) will compress the video data, in accordance with the specifications of the

profile and level selected, to provide various compressed data blocks. See

htgpszi’fsonnati . wordpresscomflOO‘m 0f29ihow—h-264—works-part-iif:

Entropy Coding
For entropy coding, H.264 may use an enhanced VLC, a more complex centext~adaptive
variable-length coding (CAVLC) or an ever more complex Context-adaptive binary—arithmetic
coding (CABAC) which are complex techniques to Iosslessly compress syntax elements in the
video stream knowing the probabilities of syntax elements in a given context. The use of
CABAC can improve the compression of around 5-7%. CABAC may requires a 30-40% of total
processing power to be accomplished.

See

:ffciteseerxist. su.edulviewdoci’download?doi=10.1.1.602.1581&re =re 1& e= df  

at 13:

Typical compression ratios to maintain excellent quality are:
a 10:1 for general knages using IPEG
0 30:1 for general video using H.263 and MPEG-2
- 60:1 for general video using H.264 and W9

27. On information and belief, DISH and Arris also directly infringe and

continue to infringe other claims of the ‘610 patent, for similar reasons as explained

above with respect to Claim 1 of the ‘610 patent.

28. On information and belief, use of the Accused Instrumentalities in their

ordinary and customary fashion results in infringement of the methods claimed by the

‘610 patent.

29. On information and belief, DISH and Arris have had knowledge of the

‘610 patent since at least the filing of this Complaint or shortly thereafter, and on

information and belief, DISH and Arris knew of the ‘610 patent and knew of their

infringement, including by way of this lawsuit.

30. Upon information and belief, the affirmative acts of each of DISH and

Arris of making, using, and selling the Accused Instrumentalities, and providing

13
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implementation services and technical support to users of the Accused Instrumentalities,

have induced since the filing of this Amended Complaint and continue to induce users of

the Accused Instrumentalities to use them in their normal and customary way to infringe

the ‘610 patent by practicing a method, comprising: determining, a parameter or an

attribute of at least a portion of a data block having video or audio data; selecting one or

more compression algorithms from among a plurality of compression algorithms to apply

to the at least the portion of the data block based upon the determined parameter or

attribute and a throughput of a communication channel, at least one of the plurality of

compression algorithms being asymmetric; and compressing the at least the portion of the

data block with the selected compression algorithm after selecting the one or more,

compression algorithms. For example, DISH instructs customers (e.g., of the Hopper

with Sling) that they can, “Watch Live TV: Live sporting events, weather, news, and

more — with a broadband-connected, Sling—enabled DVR and DISH Anywhere, you can

watch all of your favorite channels anywhere you go! Watch Recorded TV: Access

recorded shows from your broadband-connected, Sling-enabled DVR anywhere. You can

even start watching on your TV and resume watching later on your computer or mobile

device!”. See, e.g., https:r’fwww.myDISl-{comeISH-anmhere. For example, Arris

instructs its customers that the MS4000 can “[t]ranscode to H.264 with adaptive bitrate

up to 4 Live/DVR streams”. See, e.g.,

h_ttp_s:#www.Arris.comigflaalassetsfresourcesfdata'sheetsa’365-095-24637 ms4000.pdf.

For similar reasons, each of DISH and Arris also induces its customers to use the

Accused Instrumentalities to infringe other claims of the ‘610 patent. Each of DISH and

Arris specifically intended and was aware that these normal and customary activities

would infi'inge the ‘610 patent. Each of DISH and Arris performed the acts that

constitute induced infringement, since the filing of the Complaint, and would induce

actual infringement, with the knowledge of the ‘610 patent and with the knowledge, or

willful blindness to the probability, that the induced acts would constitute infiingement.

14
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On information and belief, each of DISH and Arris engaged in such inducement to

promote the sales of the Accused Instrumentalities. Accordingly, each of DISH and Arris

has induced, since the filing of the Complaint, and continue to induce users of the

Accused Instrumentalities to use the Accused Instrumentalities in their ordinary and

customary way to infringe the ‘610 patent, knowing that such use constitutes

infringement of the ‘610 patent.

31. By making, using, offering for sale, selling and/or importing into the

United States the Accused Instrumentalities, and touting the benefits of using the

Accused Instrumentalities’ compression features, each of DISH and Arris has injured

Realtime and is liable to Realtime for infringement of the ‘610 patent pursuant to 35

U.S.C. § 271.

32. As a result of the infringement of the ‘610 patent by DISH and Arris,

Plaintiff Realtime is entitled to monetary damages in an amount adequate to compensate

for DISH and Arris’s infringement, but in no event less than a reasonable royalty for the

use made of the invention by DISH and Arris, together with interest and costs as fixed by

the Court.

COUNT II

INFRINGEMENT 0F U.S. PATENT N0. 8,934,535

33. Plaintiff realleges and incorporates by reference the foregoing paragraphs

above, as if fully set forth herein.

34. Plaintiff Realtime is the owner by assignment of United States Patent No.

8,934,535 (“the ‘535 patent”) entitled “Systems and methods for video and audio data

storage and distribution.” The ‘535 patent was duly and legally issued by the United

States Patent and Trademark Office on January 13, 2015. A true and correct copy of the

‘535 patent is included as Exhibit B.

35. On information and belief, DISH has made, used, offered for sale, sold

15
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and/or imported into the United States DISH products and services that infringe the ‘535

patent, and continues to do so. By way of illustrative example, these infringing products

include, without limitation, DISH’s streaming video products and services compliant with

various versions of the H.264 video compression standard, such as, e.g., the DISH TV

service, and all versions and variations thereof since the issuance of the ‘535 patent

(“DISH Accused Instrumentalities”). See, e.g.,

hgs:lr'foruleSHcomfviewtogic.ghg?t=9864&p=5834l (“[S]atellite services (e.g.,

DirecTV, XstreamHD and DISH Network) utilize the 1080p/24-30 format with MPEG-4

AVG/H.264 encoding for pay-per—view movies that are downloaded in advance via

satellite or on—demand via broadband”); ht_tg:ffwwwsatelliteguysusfxenfthreadsfhd-

bitrate—is-under—S-mb-s—for-most-channels—is—this—correct.2562l 1! (“For HD video DN

exclusively uses H.264 compression (sometimes ambiguously referred to here as MPEG-

4, as there is more than one MPEG-4 video compression format). H.264 is about 2X more

efficient than MPEG-2 for the same video quality”).

36. On information and belief, Arris has made, used, offered for sale, sold

and/or imported into the United States Arris products and services that infringe the ‘535

patent, and continues to do so. By way of illustrative example, these infringing products

include, without limitation, Arris’s streaming video products and services compliant with

various versions of the H.264 video compression standard, such as, e.g., Arris MS4000,

and all versions and variations thereof since the issuance of the ‘535 patent (“Accused

Instrumentalities”). See, e.g., htgg:K‘fwvtrw.Arris.carnfprodut:tsfmedia-streamer—rn54000;r

(“Transcode to H.264 with adaptive bitrate up to 4 Live/DVR streams”).

37. On information and belief, each of DISH and Arris has directly infringed

and continues to infringe the ‘535 patent, for example, through its own use and testing of

the Accused Instrumentalities, which when used, practices the methods claimed by at

least Claim 15 of the ‘535 patent, including a method, comprising: determining a

parameter of at least a portion of a data block; selecting one or more asymmetric

16
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compressors from among a plurality of compressors based upon the determined

parameter or attribute; compressing the at least the portion of the data block with the

selected one or more asymmetric compressors to provide one or more compressed data

blocks; and storing at least a portion of the one or more compressed data blocks. Upon

information and belief, each of DISH and Arris uses the Accused Instrumentalities to

practice infringing methods for their own internal non-testing business purposes, while

testing the Accused Instrumentalities, and while providing technical support and repair

services for the Accused Instrumentalities to each of DISH and Arris customers.

38. The DISH Accused Instrumentalities determine a parameter of at least a

portion of a video data block. Different parameters correspond with, for example,

different moment to moment requirements, e.g., the degree of motion of a video data

block at any given time. See, e.g., ht_tp:Xfwwwsatelliteguys.usx'xenfthreadsfhd-bitrate-is-

under-5«mb-s-for—most—channcls-is-this—correct2562l ll (“Subtracting out the audio data

rates, most of the DN HD channels clock in less than 4 Mbit/s for the video stream.

However these rates are averages only. DN multiplexes several HD channels per

transponder, and their comgressors can dynamically allocate higher or lower rates

for each channel based on moment to moment reguirements. A static scene on one

channel would require far less than a high action scene on another. Still the data rates

do not appear to change drastically and the average rate does appear to be a reasonable

predictor of video quality. Furthermore DN reduces the resolution of a number of

their HD channels from 1920x1080 to 1440x1080. This leads to a softer picture more

amenable to higher compression”).

39. The Sling TV Accused Instrumentalities determine a parameter of at least

a portion of a Video data block, e.g. based on different types of content.

httpsrr’i’www.cuttingcordssomfhomeflfil5f2I9XSling-tv—technical-details (“First off, I

found out that the streams were of differing quality depending on what channel you were

watching. Sling has apparently tailored different encoding profiles to different gages
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of content which is nice. Below I have listed the encoding profile that each channel is

using. As you are probably aware, they are adagtive quality and iqu between

various Qualities depending on how much bandwidth is available at anv given

tim_e?’-)

40. The Sling Media Accused lnstrumentalities determine a parameter of at

least a portion of a Video data block. Different parameters are determined, for example,

based on statistics observed by the Slingplayer client. See, e.g.,

hgtps:z’z’answersslingboxcomfthreadf3940 (“Sling Media believes their programming

methodology choses the best encoding parameteres based on the statistics observed by

the Slingplayer. You can see the statistics that it uses for the algorithim which

dynamically choses the parameters by pressing [Alt]+[Shift]+[i] while connected to the

Slingbox.”).

41. As, for example, explained above, the Accused lnstrumentalities

determine a parameter of at least a portion of a video data block. As shown below,

examples of such parameters include bitrate (or max Video bitrate) and resolution

parameters. Different parameters correspond with different end applications. H.264

provides for multiple different ranges of such parameters, each included in the “profiles”

and “levels” defined by the H.264 standard. See

hm;:ffwww.axis.com/filesfwhitepaperlwp h264 31669 en 0803 lopdf at 5:
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4. H.264 profiles and levels

The joint group involved in defining H.264 focused on creating a simple and clean solution. limiting
options and features to a minimum. An important aspect of the standard. as with other video standards,
is providing the capabilities in profiles [sets of algorithmic features] and levels [performance classes]
that optimally support popular productions and common formats.

H.264 has seven profiles. each targeting a specific class of applications. Each profile defines what
feature set the encoder may use and limits the decoder implementation complexity.

Network cameras and video encoders will most likely use a profile called the baseline profile. which is

intended primarily for applications with limited computing resources. The baseline profile is the most
suitable given the available performance in a real-time encoder that is embedded in a network video
product. The profile also enables low latency. which is an important requirement of surveillance video and
also particularly important in enabling real-time. panltiltlzoom {PTZ) control in PTZ network cameras.

H.264 has 11 levels or degree of capability to limit performance, bandwidth and memory requirements.
Each level defines the bit rate and the encoding rate in macroblock per second for resolutions ranging

from OCIF to HDTV and beyond. The higher the resolution, the higher the level required.

See htgpsuli'enwikipedia.orgr’wikii’I-l264fMPEG-4 AVC:
bevel: with maximum properly valuee

Max decoding speed

Level
Luma

samples/s

1 I 380.160
1b 330.160

1.1 I 760,000,
1.2 1,536,000 ‘
1.3 3,041,280
2 3.041.200

2.1 5,068,600

2.2 I 5,104,000:
3 10,300,000 j

3.1 I 27,648,000
3-2 55.296.000

Q I 62,914,560
4.1 62,914,560

4.2 I 133,693,440
5 I 150,994,944

5.1 251,650,240
5.2 530,841,600

42.

Mecrebleckale

1.4115 I
1.485 I
3.000
6.000

11.000

11.0110 l
19.000

20.250 I
40.500

1011.000
2111.000
245,760 1
245.760
522.240
589.824
933.040

2.073.000

Mex lrame alze

3:;3; Macrobiocka
25,344 I M
25.344 99

101,376 I 396
101 .376 395
101.376 396
101.376 396
202.752 792
414.720 1.629

414,720 I 1.621)
921 .600 3.500

1,310,720 I 5.121)
2.097.152 0.192
2,097,152 8,192
2,228,224 0,704
5,652,480 22.000
9.437.184 35.064
9,437.1 B4 36.54

Max video bll rate for video coding layer (VOL)

Baseline, Extended
and Main Profiles

134
120

192
354
755

2.000
0.000
4.000

10,000
14,000
20.000
20.000

50.600
50.000

135,000 l
240,000 ;
240.000 ;

kbllla

High Profile ngh 10 Profile

BO
160
240
480

2.500
5.0133
5.000

12.500
1?,500
25,000
25,000
52,500
62,500

168,750
300.000
300.000

192
394
576

1.152
2.304
6.000

12.000
12.000
30.000
42.000
60.000
00,000

150,000
150.000
405.000
720.000
720.000

Examples for high
resolution

@ higheal frame rule
(max stored frames)

Toggle additional delalle

176x144@15.0 (4)
17111114401150 (4)
352x288@7.5 (2) l

352x286®152 (6)
352x258®30.0 (e)

352x266®30.0 (s) .
352x576©25.0 (6)

mammas (5}
raaxsreaasn (5:-

1.211113211133013 (51
1.211011102110422 in]
2.0401102410300- (4i
2.048x1,024@30.0 (4)
2.0411111000436013 (4)
3.672xl.536@26 1(5)
4.096x2.304@26.7 (5)
4,090x2.304@56.a (5)

The DISH Accused Instrumentalities select one or more compression

algorithms to apply to the at least the portion of the data block based upon the determined

parameter or attribute and a throughput of a communications channel, at least one of the

plurality of

h    

compression algorithms

:flwwwsatellite u s.usfxenfthreadsfhd-bitrate-

19
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this-correct.2562l l! (“Subtracting out the audio data rates, most of the DN HD channels

clock in less than 4 Mbit/s for the video stream. However these rates are averages only.

DN multiplexes several HD channels per transponder, and their comgressors can

dynamically allocate higher or lower rates for each channel based on moment to

moment reguirements. A static scene on one channel would regnire far less than a

high action scene on another. Still the data rates do not appear to change drastically and

the average rate does appear to be a reasonable predictor of video quality. Furthermore

DN reduces the resolution of a number of their HD channels from 1920x1080 to

1440x1080. This leads to a softer picture more amenable to higher compression”).

‘ 43. The Sling TV Accused Instrumentalities select one or more compression

algorithms to apply to the at least the portion of the data block based upon the determined

parameter or attribute and a throughput of a communications channel, at least one of the

plurality of compression algorithms being asymmetric. See, e.g.,

httpszfr’wwwcuttingcords.conv’homeQOlSI2K9J'Sling-tv-technical-details (“First off, I

found out that the streams were of differing quality depending on what channel you were

watching. Sling has apparently tailored different encoding profiles to different types

of content which is nice. Below I have listed the encoding profile that each channel is

using. As you are probably aware, they are adaptive Quality and jumn between

various Qualities depending on how much bandwidth is available at any given

Mi”).

44. The Sling Media Accused Instrumentalities select one or more

compression algorithms to apply to the at least the portion of the data block based upon

the determined parameter or attribute and a throughput of a communications channel, at

least one of the plurality of compression algorithms being asymmetric. See, e.g.,

httpsflfanswers.Slingboxcomr’threadf3940 (“Sling Media believes their programming

methodology choses the best encoding parameteres based on the statistics observed by

the Slingplayer. You can see the statistics that it uses for the algorithim which

20
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dynamically choses the parameters by pressing [Alt]+[Shift]+[i] while connected to the

Slingbox.”).

45. Based on a throughput of the communications channel—reflected by the

max Video bitrate—and resolution parameter identified, any H.264-comp1iant system

such as the Accused Instrumentalities would determine which profile (e.g., “baseline,”

“extended,” “main”, or “high”) corresponds with that parameter, then select between at

least two asymmetric compressors. Ifbaseline or extended is the corresponding profile,

then the system will select a Context-Adaptive Variable Length Coding (“CAVLC”)

entropy encoder. If main or high is the corresponding profile, then the system will select

a Context-Adaptive Binary Arithmetic Coding (“CABAC”) entropy encoder. Both

encoders are asymmetric compressors because it takes a longer period of time for them to

compress data than to decompress data. See

htt szfa’sonnatiword resscomflUOWl0f29fiiow-h-264-works- art-ii!  
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Baseline 3 Extended Main High High10

I and P Slices Yes Yes Yes Yes Yes

B Slices No Yes Yes Yes Yes

SI and SP Slices No Yes No No No

Multiple Reference Yes Yes Yes Yes Yes
Frames

In-Loop Deblocking Filter Yes Yes Yes Yes Yes

CAVLC Entropy Coding Yes Yes Yes Yes Yes

CABAC Entropy Coding No No Yes Yes Yes

Flexible Macroblock Yes Yes No No No
Ordering (FMO)

Arbitrary Slice Ordering ‘ Yes Yes No No No

(ASO) L
Redundant Slices (RS) Yes Yes No No No

Data Partitioning L No Yes No No No
Interlaced Coding \ No Yes Yes Yes Yes
(PchFF, MBAFF) i
4:2:0 Chroma Format Yes Yes Yes Yes Yes

Monochrome Video No No No Yes Yes
Format (4:0:0)

4:2:2 Chroma Format No No No No I No

4:4:4 Chroma Format 1 No No No No ‘ No
8 Bit Sample Depth Yes Yes Yes Ya Yes

9 and 10 Bit Sample Nu No No No Yes
Depth

11 to 14 Bit Sample No No No No No
Depth

8x8 vs. 484 Transform No No No Yes Yes
Adaptivlty

Quantization Scaling No No No Yes Yes
Matrices

Separate Cb and Cr QP No No No Yes Yes
control

Separate Color Plane No No No No No
Coding

Predictive Lassie- No No No No No
Coding

See

ht_tp:x’fweb.cs.ucla.edufclassesffallmfcsizlS!papeer.264 MPEG4 Tutorialpdf at 7:
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The Following table summarizes the Mo moior types at entropy coding: Variable length
Coding IVLC] and Context Adoptive Binary Arithmetic Coding [CABAC]. CABAC otters
superior coding efficiency over VLC by adapting to the changing probability distribution
of symbols. by exploiting correlation between symbols, and by adaptively exploiting bit
correlations using arithmetic coding. H.264 also supports Context Adoptive Variable length
Coding [CAVLC] which offers superior entropy coding over VLC without the full cost at
CABAC.

H.264 Entropy Coding - Comparison of Approaches

Characteristics Variable Length Coding Context Adaptive Binary

(VLC) Arithmetic Coding(CABAC)

. Where it is used MPEG-2, H.264/MEGA AVC
MPEG-4 ASP (high eFficiency option]

0 Probability distribution Static - Probabilities never “PM - Adiusts
change probabilities based on

actual data

0 Leverages correlation No - Conditional Yes - Exploits symbol
between symbols probabilities ignored correlations by using"contexts"

- Non-integer code words No - low coding efficiency Yes - Exploits "arithmetic
torhigh probability symbols coding” which generates

non-integer code words for
higher efficiency

 
Moreover, the H.264 Standard requires a bit—flag descriptor, which is set to

determine the correct decoder for the corresponding encoder. As shown below, if the flag

= 0, then CAVLC must have been selected as the encoder; if the flag = 1, then CABAC

must have been selected as the encoder. See

h s:ffwww.itl.1.int!rccr’dolo in ub.as ‘?lan =c&id=T-REC-H.264—201304—8!!PDF-  

E&gpe=items (Rec. ITU—T H.264 (04/2013)) at 80:

entropy_codiag_mode_flag selects the entropy decoding method to be applied for the syntax elements for which two
descriptors appear in the syntax tables as follows:

— Ifentropy_coding_mode_flag is equal to 0. the method specified by the left descriptor in the syntax table is applied
{Exp-691mb coded. so: clause 9.1 or CAVLC, see clause 92}.

- Otherwise (canopy_coding_modc_flag is equal to i}. the method specified by the right descriptor in the syntax table
is applied (CABAC, see clause 9.3).

46. The Accused Instrumentalities compress the at least the portion of the data

block with the selected one or more asymmetric compressors to provide one or more

compressed data blocks. After its selection, the asymmetric compressor (CAVLC or

CABAC) will compress the video data to provide various compressed data blocks. Sec

htgps:flsonnati.wordpress.comf2007f10f29fhow-h—264-worlcs-part-iih
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Entropy Coding
For entropy coding, H.264 may use an enhanced VLC, a more complex context-adaptive

variable-length coding (CAVLC) or an ever more complex Context-adaptive binary-arithmetic
coding (CABAC) which are complex techniques to losslessly compress syntax elements in the
video stream knowing the probabilities of syntax elements in a given context. The use of

CABAC can improve the compression of around S-7%. CABAC may requires a 30-40% of total

processing power to be accomplished.

See

:flciteseerxjst. su.edux'viewdocr'downloadMoi:101 1.602.15818cre re 18: 6— df  

at 13:

Typical compression ratios to maintain excellent quality arc:

a 10:1 for general images using JPEG

a 30:1 for general video using H.263 and MPEG-2

0 60:1 for general video using H.264 and WMV9

See htmflwww.ijeracomfpapersNoB issue4fBM34399403pdf'at 2:
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Most visual communication systems today

use Baseline Profile. Baseline is the simplest H.264

profile and defines, for example. zigzag scanning of
the picture and using 4:220 (YUV video formats)
chrominance sampling. in Baseline Profile, the

picture is split in blocks consisting of 4x4 pixels,
and each block is processed separately. Another

important element of the Baseline Profile is the use
of Universal Variable Length Coding (UVLC) and
Context Adaptive Variable Length Coding
(CAVLC) entropy coding techniques.

The Extended and Main Profiles includes

the filnctionality of the Baseline Profile and add
improvements to the predictions algorithms. Since
transmitting every single frame (think 30 frames per
second for good quality video) is not feasible if you
are trying to reduce the bit rate 1000-2000 times,
temporal and motion prediction are heavily used in
H.264, and allow transmitting only the difference
between one frame and the previous frames. The

result is spectacular efficiency gain, especially for
scenes with little change and motion.

The High Profile is the most powerful
profile in H.264, and it allows most efficient coding
of video. For example, large coding gain achieved

through the use of Context Adaptive Binary
Arithmetic Coding (CABAC) encoding which is
more efficient than the UVLCJCAVLC used in
Baseline Profile.

The High Profile also uses adaptive
transform that decides on the fly if 4x4 or Sits-pixel
blocks should be used. For example, 4x4 blocks are

used for the parts of the picture that are dense with
detail, while parts that have little detail are
transformed using 8x8 blocks.

47. On information and belief, the Accused Instrumentalities store at least a

portion of the one or more compressed data blocks in buffers, hard disk, or other forms of

memory/storage.

48. On information and belief, DISH and Arris also directly infringe and

continue to infringe other claims of the ‘535 patent, for similar reasons as explained

above with respect to Claim 15 of the ‘535 patent.

49. On information and belief, use of the Accused Instrumentalities in their
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ordinary and customary fashion results in infringement of the methods claimed by the

‘535 patent.

50. On information and belief, DISH and Arris have had knowledge of the

‘535 patent since at least the filing of this Complaint or shortly thereafter, and on

information and belief, DISH and Arris knew of the ‘535 patent and knew of their

infringement, including by way of this lawsuit.

51. Upon information and belief, the affirmative acts of each of DISH and

Arris of making, using, and selling the Accused Instrumentalities, and providing

implementation services and technical support to users of the Accused Instrumentalities,

have induced since the filing of this Amended Complaint and continue to induce users of

the Accused Instrumentalities to use them in their normal and customary way to infringe

the ‘535 patent by practicing a method, comprising: determining a parameter of at least a

portion of a data block; selecting one or more asymmetric compressors from among a

plurality of compressors based upon the determined parameter or attribute; compressing

the at least the portion of the data block with the selected one or more asymmetric

compressors to provide one or more compressed data blocks; and storing at least a

portion of the one or more compressed data blocks. For example, DISH instructs

customers (e.g., of the Hopper with Sling) that they can, “Watch Live TV: Live sporting

events, weather, news, and more — with a broadband-connected, Sling-enabled DVR and

DISH Anywhere, you can watch all of your favorite channels anywhere you go! Watch

Recorded TV: Access recorded shows from your broadband-connected, Sling-enabled

DVR anywhere. You can even start watching on your TV and resume watching later on

your computer or mobile device!”. See, e.g., hfips:h’wwwvaISHcom/DISH-

anmhere. For example, Arris instructs its customers that the MS4000 can “[t]ranscode to

H.264 with adaptive bitrate up to 4 Live/DVR streams”. See, e.g.,

httpsu’fwww.Arris.comfglobalassetslresourcesfdata-sheetsfl65-095-24637 ms4000.pdf.

For similar reasons, each of DISH and Arris also induces its customers to use the
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Accused Instrumentalities to infringe other claims of the ‘535 patent. Each of DISH and

Arris specifically intended and was aware that these normal and customary activities

would infringe the ‘535 patent. Each of DISH and Arris performed the acts that

constitute induced infringement, since the filing of the Complaint, and would induce

actual infringement, with the knowledge of the ‘535 patent and with the knowledge, or

willful blindness to the probability, that the induced acts would constitute infringement.

On information and belief, each of DISH and Arris engaged in such inducement to

promote the sales of the Accused Instrumentalities. Accordingly, each of DISH and Arris

has induced, since the filing of the Complaint, and continue to induce users of the

Accused Instrumentalities to use the Accused Instrumentalities in their ordinary and

customary way to infringe the ‘535 patent, knowing that such use constitutes

infringement of the ‘535 patent.

52. By making, using, offering for sale, selling and/or importing into the

United States the Accused Instrumentalities, and touting the benefits of using the

Accused Instrumentalities” compression features, each of DISH and Arris has injured

Realtime and is liable to Realtime for infiingement of the ‘535 patent pursuant to 35

U.S.C. § 271.

53. As a result of the infringement of the ‘535 patent by DISH and Arris,

Plaintiff Realtime is entitled to monetary damages in an amount adequate to compensate

for DISH and Arris’s infringement, but in no event less than a reasonable royalty for the

use made of the invention by DISH and Arris, together with interest and costs as fixed by

the Court.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff Realtime respectfully requests that this Court enter:

a. A judgment in favor of Plaintiff that Defendants have directly infringed,

either literally and/or under the doctrine of equivalents, the ‘610 patent and the ‘535

patent;

27



Case 6:17-cv-00567 Document 1 Filed 10/10/17 Page 28 of 29 PagelD #: 28

b. A judgment in favor of Plaintiff that Defendants have indirectly infringed,

either literally and/or under the doctrine of equivalents, the ‘610 patent and the ‘535

patent, since the filing of the Complaint in this action;

b. A permanent injunction prohibiting Defendants from further acts of

infringement of the ‘610 patent and the ‘535 patent;

c. A judgment and order requiring Defendants to pay Plaintiff its damages,

costs, expenses, and prejudgment and post-judgment interest for Defendants’

infringement of the ‘610 patent and the ‘535 patent, as provided under 35 U.S.C. § 284;

and

d. A judgment and order requiring Defendants to provide an accounting and

to pay supplemental damages to Realtime, including without limitation, prejudgment and

post—judgment interest;

6. A judgment and order finding that this is an exceptional case within the

meaning of 35 U.S.C. § 285 and awarding to Plaintiff its reasonable attorneys’ fees

against Defendants; and

f. Any and all other relief as the Court may deem appropriate and just under

the circumstances.

DEB/LAND FOR JURY TRIAL

Plaintiff, under Rule 38 of the Federal Rules of Civil Procedure, requests a trial by

jury of any issues so triable by right.

Dated: October 10, 2017 Respectfully submitted,

/s/ More A. Fer-ISM!“ w/Qermission by Cfairs

Hem-y

Marc A. Fenster (CA SBN 181067)

Reza Mirzaie (CA SBN 246953)
Brian D. Ledahl (CA SBN 186579)

C. Jay Chung (CA SBN 252794)
Philip X. Wang (CA SBN 262239)
RUSS AUGUST & KABAT
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SYSTEM AND METHODS FOR VIDEO AND
All [110 DATA DISTRIBUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U .S. patent applica-
tion Scr. No. 14f033,245, filed on Scp. 20, 2013. which is a
continuation of US. patent application Ser. No. 13154239,
filed onion. 6, 2011, nowUS. Pat. No. 8,553,759. which is a
continuation of U .S. patent application Ser. No. 12! 123.08” .
filed on May l9. 2008, now U.S. Pat. No. 8,073,047. which is
o continuationofUS. patent application Scr. No. 10.lt}76.01 3,
filed on Feb. 13. 2002. now US. Pat. No. 7.386.046. which
claims the benefit of US. Provisional Application No.

60/268,394, filed on Feb. 13, 2001, each of which is fully
incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates generally to data compres-
Sion and decompression and, in particular. to a system and
method for ctnnpressing and deeompressing data hosted on an
actual or expected tluougjtput (bandwidth) ol‘a system that
employs data compression. Additionally the present inven-
tion relates to the subsequent storage. retrieval, and manage-
ment of information in data storage devices utilizing either

compression and/or accelerated data storage and retrieval
bandwidth.

2. Description of the Related Art
There are a variety ofdata contpression algorithms that are

currently available, both well-defined and novel. Many com-
pression algorithms define one or more parameters that can be
varied. either dynamically or a-priori. to change the perfor-
mance characteristics of the algorithm. For example, with a

typical dictionary based compression algorithm such as Leni-
pel—Ziv, the size of the dictionary can affect the performance
of the algorithm. indeed. a large dictionary tony be employed
to yield very good compression ratios but the algorithm may
take a long time to execute. If speed were more important than
compression ratio. then the algorithm can be limited by
selecting a smaller dictionary, thereby obtaining a much
faster compression time. but at the possible cost of a lower
compression ratio. The desired performance ofa compression
algorithm and the system in which the data compression is
employed. will vary depending on the application.

Thus, one challenge in employing data compression for a
given application or system is selecting one or more optimal
compression algorithms from the variety of available algo-
rithms. indeed. the desired balance between speed and effi-

ciency is typically a significant factor that is considered iit
determining which algorithm to employ for a given set of
data. Algorithms that compress particularly well usually take
longer to execute whereas algorithms that execute quickly
ttsually do not compress particularly well.

Accordingly. a system and method that would provide
dynamic modification ol‘compression system parameters so
as to provide an optimal balance between execution speed of
the algorithm (compression rate) and the resulting compres-
sion ratio, is highly desirable.

Yet another problem within the current on is data storage
and retrieval bandwidth limitations. Modern computers uti-

lize a hierarchy ofmemory devices. In order to achieve maxi-
mum pcrfortnance levels, modern processors utilize onhoard
memory and on board cache to obtain high bzuidwidth access
to both program and data. Limitations in process technologies
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eturently prohibit placing a sufficient quantity of onboard
memory for most applications. Thus. in order to offer still"-
cient memory for the operating system(s), application pro-
grams. and user data, computers often use various fonns of
popular elf—processor high speed memory including static
random access memory (SRAM), synchronous dynamic ran-
dom access memory (SDRAM), synchronous burst static ram
(SBSRAM). Due to the prohibitive cost of the high-speed
random access memory, coupled with their power volatility, a
third lower level of the hierarchy exists for non-volatile mass

storage devices. While mass storage devices offer increased
capacity and fairly economical data storage. their data storage
and retrieval bandwidth is often much less in relation to the
other elements ofa computing system.

Computers systems represent information in a variety of
manners. Discrete information such as text and numbers are

easily represented in digital data. This type ofdata represen-
tation is known as symbolic digital data Symbol ic digital data
is thus an absolute representation of data such as a letter,
figure, character. mark. machine code, or drawing.

Continuous information such as speech, music, audio,
images and video, frequently exists in the natural world as
analog infomtation. As is well known to those skilled in the
art. recent advances in very large scale integration (VLSIJ
digital contputer technology have enabled both discrete and
analog information to be represented with digital data. Con«
tinuous information represented as digital data is often
referred to as diffuse data. Diffuse digital data is thus a rep—
reseutation of data that is of low ittlonttation density and is

typically not easily recognizable to humans in its native form.
Modern computers utilize digital data representation

because of its inherent advantages. For example, digital data
is more readily processed. stored. and transmitted due to its
inherently high noise inununity. In addition. the inclusion of
redundancy in digital data representation enables error detec-
tion andJor correction. Error detection andJor correction

capabilities are dependent upon the amount and type of data
redundancy, available error detection and correction process-
ing, and extent of data corruption.

One outcome of digital data representation is the continu-
ing need for increased capacity in data processing. storage,
and transmittal. This is especially true for di lTuse data where
increases in fidelity and resolution create exponentially
greater quantities ofdata. Data compression is widely used to
reduce the amount of data required to process. transmit, or
store a given quantity ofinformation. In general, there are two
types of data compression techniques that may be utilized
either separately or jointly to encode/decode data: lossless
and lossy data compression.

Over the last decade, computer processor performance has
improved by at least a factor of 50. During this same period,
magnetic disk storage has only improved by a factor of 5.
Thus one additional problem with the existing art is that
memory stontge devices severely limit the performance of
consumer, entertainment, office. workstation. servers. and
mainframe computers for all disk and memory intensive
operations. ‘

For example, magnetic disk mass storage devices currently
employed in a variety ofhome. business. and scientific com-
puting applications suffer from significant seek-time access
delays along with profound readfwrite data rate limitations.
Currently the fastest available (15,000) rpm disk drives sup—
ptirl only a 40.0 Megabyte per second data rate (MHtsecl.
This is in stark contrast to tltc modern Personal Compttter's

Peripheral Component Interconnect (PCI) Bus’s inpttUoutput
capability of512 MBt’scc and internal local bus capability of
1600 MBt'sec.
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Another problem within the current art is that emergent
high performance diSk interl‘ace standards such as the Small
Computer Systems Interface (SCSI-3). iSCSI. Fibre Channel,
A'l' Attachment UltraDMAi" l 00+, Serial Storage Architec-
ture. and Universal Serial Bus offer only higher data transfer
rates through intermediate data bu flit-ring in random access
tnemory. These interconnect strategies do not address the
fundamental problem that all modern magnetic disk storage
devices For the personal computer marketplace are still lint-
itcd by the some typical physical media restriction. ll] prac-
tice, faster disk access data rates are only achieved by the high
cost solution of simultaneously accessing multiple disk
drives with a technique known within the art as data striping
and redundant array of independent disks (RAID).

RAID systems elicit afford the user the benefit ol‘incrcuscd
data bandwidth for data storage and retrieval. By simulta-

neously accessing two or more disk drives. data bandwidth
may be increased at a maximum rate that is linear and directly
proportional to the nu mbcr ol'disks employed. 'l'hus another
problem witlt modern data storage systems utilizing PAID
systems is that a linear increase in data bandwidth requires a
proportional number of added disk storage devices.

Another problem with most modern mass storage devices
is their inherent unreliability. Many modem mass storage
devices utilize rotating assemblies and other types ofelectro-
mechanical components that possess failure rates one or more
orders of magnitude higher than equivalent solid state
devices. RAID systems employ data redundancy distributed
across multiple disks to enhance data storage and retrieval
reliability. In the simplest case. data may be explicitly
repeated on multiple places on a single disk drive. on multiple
places on two or more independent disk drives. More cont-
plex teclutiques are also employed that support various trode-
otls between data bandwidth and data reliability.

Standard types of RAID systems currently available
include RAID Levels 0, 1, and 5. The configuration selected

depends on Ilte goals to be achieved. Specifically data reli-
ability, data validation. data storagcr‘rctricval bandwidth. and
cost all play a role in defining the appropriate RAID data
storage solution. RAID level 0 cntails pure data striping
across multiple disk drives. This increases data bandwidth at
best linearly with the number of disk drives utilized. Data
reliability and validation capability are decreaseda’t failurcof
a single drive results in a complete loss of all data. Thus
another problem with RAID systems is that low cost
improved bandwidth requires a significant decrease in reli-
ability.

RAID Level 1 utilizes disk mirroring where data is dupli—
cated on an independent disk subsystem. Validation ol‘data
amongst the two independent drives is possible if the data is
simultaneously accessed on both disks and subsequently
compared. This tends to decrease data bandwidth from even
that of a single comparable disk drive. In systems that offer
hot swap capability, the failed drive is removed and a replaCe-
menl drive is inserted. The data on the failed drive is then

copied in the background while the entire system continues to
operate in a performance degraded but fully operational
mode. Once the data rebuild is complete. normal operation
resumes. l-lcncc. another problem with RAID systems is the
high cost of increased reliability and associated decrease in
performance.

RAID Level 5 employs disk data striping and parity error
detection to increase both data bandwidth and reliability

simultaneously. A minimum of dune disk drives is required
for this technique. In the event of a single disk drive failure.
that drive may be rebuilt from purity and other data encoded
on disk remaining disk drives. In systems that offer hot swap
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capability. the failed drive is removed and a replacement drive
is inserted. The data on the failed drive is then rebuilt itt the

background while the entire system continues to operate in it
pcrfonnance degraded bttt fully operational mode. Once the
data rebuild is complete, normal operation resumes.

Thus another problem with redundant modern mass stor-
age devices is the degradation of data bandwidth when a
storage device fails. Additional problems with bandwidth
limitations and reliability similarly occur within the art by all
other forms of sequential, pseudo-random, and random
access mass storage devices. Typically mass storage devices
include magnetic and optical tape, magnetic and optical
disks. and various solid-state mass storage devices. II should
be noted that the present invention applies to all forms and
manners ofmentory devices including storage devices utiliz—
ing magnetic. optical. neural and chemical teclutiqucs or any
combination thereof.

Yet another problem within the current art is the applica-
tion and use ofvarious data compression techniques. It is well
known within the current art that data compression provides

several unique benefits. First, data compression can reduce
the time to transmit data by more efficiently utilizing low
bandwidth data links. Second, data compression economizes

on data storage and allows more information to be stored for
a fixed memory sine by representing information more effi-
ciently.

For purposes of discussion, data compression is canoni-
cally divided into lossy and lossless techniques. Lossy data
compression tcclutiquos provide for an inexact representation
of the original ttncontpressed data such that the decoded (or
reconstructed) data differs from the original unencoded/un-
compressed data. Lossy data compression is also known as
irreversible or noisy compression. Negentropy is defined as
the quantity of information in a given set of data. Thus, one
obvious advantage of lossy data compression is that the com-
pression ratios can be larger than that dictated by the negcnt-
ropy limit. all at the expense of information content. Many
lossy data compression techniques seek to exploit various
traits within the human senses to eliminate otherwise imper-

ceptible data. For example, lossy data compression of visual
imagery migit seek to delete information content in excess of
the display resolution or contrast ratio of the target display
device.

On the other hand, lossless data compression techniques

provide an exact representation of the original uncompressed
data. Simply stated. the decoded (or reconstructed) data is
identical to the original unencoded/uncontpressed data. Loss-
less data compression is also known as reversible or noiseless
compression. Thus, lossless data compression has, as its cur-
rent limit, a minimum representation defined by the entropy
of a given data set.

A rich and highly diverse set of lossless data compression
and decompression algorithms exist within the current art.
These range from the simplest “adhec” approaches to highly
sophisticated formalized techniques that Spill] the sciences of
information theory, statistics, and artificial intelligence. Ouc
fundamental problem with almost all tnodern approaches is
the compression ratio to encoding and decoding spccd
achieved. As previously stated. the current theoretical limit
for data compression is the entropy limit of the data set to be
encoded. However, in practice, many factors actually limit the
compression ratio achieved. Most modem compression algo-
rithms are highly cortical dependent. Contcnt dependency
exceeds the actual statistics of individual elements and often
includes a vzuicty ofother factors including their spatial loca-
tion within the data set.
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Of popular compression teclmiques. arithmetic coding
possesses thehighest degree ofalgoritltmic eflectiveness, and
as expected, is the slowest to execute. This is followed in turn
by dictionary compression, Huffman coding, and run-length
coding with respectively decreasing execute times. What is
not apparent from these algorithms, that is also one major
deficiency within the current art, is knowledge of their algo-
rithmic efiiciency. More specifically, given a compression
ratio that is within the effectiveness of multiple algorithms,
the question arises as their corresponding efficiency.

Within the current art there also presently exists a strong
inverse relationship between achieving the maximum (cur-
rent) theoretical compression ratio, which we define as algo-
rithmic effectiveness, and requisite processing time. For a
given single algorithm the effectiveness over a broad class of
data sets including text, graphics, databases, and executable
object code is highly dependent upon the processing effort
applied. Given a baseline data set, processor operating speed
and target architecture, along with its associated supporting
memory and peripheral set, we define algorithmic efficiency
as the time required to achieve a given compression ratio.
Algorithmic efficiency assumes that a given algorithm is
implemented in an optimum object code representation
executing from the optimum places in memory. This is almost
never achieved in practice due to limitations within modern
optimizing software compilers. It should be further noted that
an optimum algorithmic implementation for a given input
data set may not be optitnum for a different data set. Much
work remains in developing a comprehensive set of metrics
for measuring data compression algorithmic performance,
however for present purposes the previously defined terms of
algorithmic effectiveness and efficiency should suffice.

Various solutions to this problem of optimizing algorith-
mic implementation are found in U.S. Pat. Nos. 6,195,024
and 6,309,424, issued on Feb. 27, 2001 and Oct. 30, 2001,
respectively, to James Fallon, both of which are entitled
“Content Independent Data Compression Method and Sys-
tem,” and are incorporated herein by reference. These patents
describe data compression methods that provide content-in—
dependent data compression, wherein an optimal compres-
sion ratio for an encoded stream can be achieved regardless of
the data content of the input data stream. As tnore fully
described in the above incorporated patents, a data compres-
sion protocol comprises applying an input data stream to each
of a plurality of different encoders to, in effect, generate a
plurality of encoded data streams. The plurality of encoders
are preferably selected based on their ability to effectively
encode different types of input data. 'llte final compressed
data stream is generated by selectively combining blocks of
the compressed streams output from the plurality ofencoders
based on one or more factors such as the optimal compression
ratios obtained by the plurality of decoders. The resulting
compressed output stream can achieve the greatest possible
compression, preferably in real—time, regardless of the data
content.

Yet another problem within the current art relates to data
management and the use of existing file management sys-
tems. Present computer operating systems utilize file inan-
agement systems to store and retrieve information in a 1mi-
form, easily identifiable, format. Files are collections of
executable programs and/or various data objects. Files occur
in a wide variety of lengths and must be stored within a data
storage device. Most storage devices, and in particular, mass
storage devices, work most efficiently with specific quantities
of data. For example, modem magnetic disks are often
divided into cylinders, heads and sectors. This breakout arises
from legacy electro-mechanical considerations with the for—
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mat of an individual sector oflen some bitter)r multiple of
bytes [5 l2, 1024, . . . )..1\ fixed or variable quantity ofsectors
housed on an individual track. The number ofsectors permit-
ted on a single track is limited by the number of reliable flux
reversals that can be encoded on the storage media per linear
inch, often referred to as linear bit density. In disk drives with
multiple heads and disk media, a single cylinder is comprised
ofmultiple tracks.

A file allocation table is often used to organize both used
and ttnuscd space on a mass storage device. Since a file ofien
comprises more than one sector of data, and individual sec-
tors or contiguous strings of sectors may be widely dispersed
over multiple tracks and cylinders, a file allocation table
provides a methodology ofretrieving a tile orportion thereof.
File allocation tables are usually comprised of strings of
pointers or indices that identify where various portions of a
file are stored.

In-order to provide greater flexibility in the tnanagetnent of
disk storage at the media side of the interface, logical block
addresses have been substituted for legacy cylinder, head,
sector addressing. This permits the individual disk to opti-
mize its mapping frotn the logical address space to the physi-
cal sectors on the disk drive. Advantages with this technique
include faster disk accesses by allowing the disk manufac-
turer greater flexibility in managing data interleaves and other
high-speed access techniques. In addition, the replacement of
bad media sectors can take place at the physical level and need
not be the concern ofthe file allocation table or host computer.
Furthermore, these bad sector replacement maps are defin-
able on a disk by disk basis.

Practical limitations in the size of the data required to both
represent and process an individual data block address, along
with the size ofindividual data blocks, governs the type offile
allocation tables currently in use. For example, a 4096 byte
logical block size (8 sectors) etnploycd with 32 bit logical
block addresses. This yields an addressable data space of
17.59 Terabytes. Smaller logical blocks permit more efficient
use of disk space. Larger logical blocks support a larger
addressable data space. Thus one limitation within the current
art is that disk file allocation tables and associated file man-

agement systems are a compromise between efiicient data
storage, access speed, and addressable data space.

Data in a computer has various levels of information con-
tent. Even within a single file, many data types and formats
are utilized. Each data representation has specific meaning
and each may hold differing quantities ofinformation. Within
the current an. computers process data in a native. uncont-
pressed. t‘onnut. 'I'lms compressed data must often he decom-
pressed prior to performing various data processing functions
or operations. Modern file systems have been designed to
work with data in its native fomiat. Thus another significant
problem within the current art is that file systems are not able
to randomly access compressed data in an efficient manner.

Further aggravating this problem is the fact that when data
is decompressed, processed and recompressed it may not fit
back into its original disk space, causing disk fragmentation
or complex disk space reallocation requirements. Several
solutions exist within the cttrrent art including file by file and
block structured compressed data management.

In file by file compression, each file is compressed when
stored on disk and decompressed when retrieved. For very
small files this technique is often adequate, however for larger
files the compression and decompression times are too slow,
resulting in inadequate system level performance. In addition,
the ability to access randomly access data Withina specific file
is lost. The one advantage to file by file compression tech-
niques is that they are easy to develop and are compatible with
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existing file systems. Thus file by file compressed data inan-
agement is not an adequate solution.

Block structured disk compression operates by compress-

ing and decompressing fixed block sizes of data. Block sizes
are olicn fixed. but may be variable in size. A single file
usually is comprised of multiple blocks, however a file may
be so small as to fit within a single block. Blocks are grouped
together and stored in one or more disk sectors as a group of
Blacks (GOES). A group ot‘blocks is compressed and decent-
pressed as a unit, thus there exists practical limitations on the
size 0 fGOBs. Most compression algorithms achieve a higher
level of algorithmic efi‘ectiveness when operating on larger
quantities of data. Restated, the larger the quantity of data
processed with a uniform information density, the higher the
compressions ratio achieved. IfGOBs are small compression
ratios are low and processing time short. Conversely, when
GOBS are large compression ratios are higher and processing
time is longer. Large GOBS tend to perform in a manner
analogous to file by file compression. The two obvious ben-
efits to block structured disk compression are pseudo-random
data access and reduced data compression/decompression
processing time.

Several problems exist within the current art for the man-
agement of compressed blocks. One method for storage of
compressed files on disk is by contiguously storing all GOBs
corresponding to a single file. However as files are processed
within the computers, files may grow or shrink in size. Inef-
ficient disk storage results when a substantial file size reduc-
tion occurs. Conversely when a file grows substantially, the
additional space required to store the data may not be avail—
able contiguously. The result of this process is substantial
disk fragmentation and slower access times.

An alternate method is to map compressed GOBs into the
next logical free space on the disk. One problem with this
method is that average file access times are substantially
increased by this technique due to the random data storage.
Peak access delays may be reduced since the statistics behave
with a more uniform white spectral density, however this is
not guaranteed.

A further layer of complexity is encountered when com-
pressed information is to be managed on more than one data
storage device. Competing requirements ofdata access band-
width, data reliability/redtmdancy, and efficiency of storage
space are encountered.

These and other limitations within the current art are solved
with the present invention.

SUMMARY OF THE INVENTION

The present invention is directed to a system and method
for compressing and decompressing based on the actual or
expected throughput (bandwidth) of:1 system employing data
compression and a technique of optimizing based upon
planned, expected, predicted, or actual usage.

In one aspect of the present invention, a system for provid-
ing bandwidth sensitive data compression comprises:

a data compression system for compressing and decom-
pressing data input to the system;

a plurality ofcompression routines selectively utilized by
the data compression system: and

a controller For tracking the throughput of the system and
generating a control signal to select a compression routine
based on the system throughput. In a preferred embodiment,
when the controller determines that the system throughput
falls below a predetermined throughput threshold, the con-
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troller commands the data compression engine to use a com-
pression routine providing a faster rate of compression so as
to increase the throughput.

In another aspect. a system For providing bandwidth sen-
sitive data compression comprises a plurality of access pro-
files. operal ively accessible by the controller that enables the
controller to determine a compression routine that is associ-
ated with a data type ofthe data to be compressed. The access
profiles cotnprise ini'onnation that enables the controller to
select a suitable compression algorithm that provides a
desired balance between execution speed (rate of compres—
sion) and efficiency (compression ratio).

In yet another aspect, a system comprises a data storage
controller for controlling the compression and storage of
compressed data to a storage device and the retrieval and
decompression of compressed data from the storage device.
The system throughput tracked by the controller preferably
comprises a number of pending access requests to a storage
device.

In another a spect, the system comprises a data transmission
controller for controlling the compression and transmission
of compressed data, as well as the decompression of com—
pressed data received over a communication channel. The
system throughput tracked by the controller comprises a
number ofpending transmission requests over the communi-
cation channel.

In yet another aspect ofthe present invention, a method for
providing bandwidth sensitive data compression in a data
processing system, comprises the steps of:

compressing data using an first compression routine pro-
viding a first compression rate;

tracking the throughput of the data processing system to
detcnninc if the first compression rate provides a throughput
that meets a predetermined throughput threshold; and

compressing data using a second compression routine pro-
viding a second compression rate that is greater than the first
compression rate, ifthe tracked throughput does not meet the
predetermined throughput threshold.

Preferably, the first compression routine comprises a
default asynnnetric routine and wherein the second compres-
sion routine comprises a symmetric routine.

In another aspect, the method comprises processing a user
command to load a user-selected compression routine for
compressing data.

In another aspect, the method further comprises processing
a user command to compress user-provided data and auto—
matically selecting a compression routine associated with a
data type of the user-provided data.

These and other aspects, features and advantages of the
present invention will become apparent from the following
detailed description ofpreferred embodiments. which is to be
read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a high-level block diagram of a system for pro—
viding bandwidth sensitive data comprcssionfdccotnpression
according to an embodiment of the present invention.

FIG. 2 is a flow diagram of a method for providing band-
width sensitive data compressiost’decompression according
to one aspect til‘ the present invention.

FIG. 3 is a block diagram of a preferred system for imple-
menting a bandwidth sensitive data compression/decompres-
sion method according to an embodiment of the present
invention.
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FIG. 4A is a diagram of a file system format of a virtual
and/or physical disk according to an embodiment of the
present invention.

FIG. 4B is a diagram ofa data structure ofa sector map
entry ofa virtual block table according to an embodiment of
the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMEN'I'S

The present invention is directed to a system and ntethod
for compressing and deeompressing based on the actual or
expected throughput [bandwidth] ofa system employing data
compression. Although one of ordinary skill in the art could
readily envision various implementations for the present
invention. a preferred system in which this invention is
employed comprises a data storage controller that preferably
utilizes a real-time data compression system to provide
“accelerated” data storage and retrieval bandwidths. 'lhe con-
cept of “accelerated" data storage and retrieval was intro-
duced in U.S. patent application Ser. No. 09!266.394. filed
Mar. ll, 1999.emitled “System and Methods ForAccelenited
Data Storage and Retrieval)‘ now 11.8. Pat. No. 6,601,104.
and U.S. patent application Ser. No. (19148] .243. tiled Jan. 1 l.
2000, entitled “System and Methods For Accelerated Data
Storage and Retrieval,” now U.8. Pat. No. 6.604.158, both of
which are commonly assigned and incorporated herein by
reference.

In general. as dwcribed in the above-incorporated applica-
tions. “accelerated" data storage comprises receiving. a digital
data stream at a data transmission rate which is greater than
the data storage rate ol'a target storage device. compreSSing
the input stream at a compression rate that increases the
etlcctive data storage rate of the target storage device and
storing the compressed data in the target storage device. For
instance. assume that a mass storage device {such as a hard
disk} has a data storage rate 0120 megabytes per second. if a
storage controller for the mass storage device is capable of
compressing (in real time) an input data stream with an aver-
age compression rate of 3:1. then data can be stored in the
mass storage device at a rate of 60 megabytes per second.
thereby effectively increasing the storage bandwidth (“store-
width") of the mass storage device by a factor ofthree. Simi-
larly. accelerated data retrieval comprises retrieving a com-
pressed digital data stream from a target storage device at the
rate equal to. cg, the data access rate of the target storage
device and then decontpressing the compressed data at a rate
that increases the effective data access rate ofthe target stor-

age device. Advantageously. providing accelerated data stor-
age and retrieval at (or close to) real-time can reduce or
eliminate traditional bottlenecks associated with. cg. local
and network disk accesses.

In a preferred embodiment, the present invention is imple—
mented for providing accelerated data storage and retrieval.
In one embodiment. a controller tracks and monitors the

throughput (data storage and retrieval] ofa data compression
system and generates control signals to enableidisable differ-
ent compression algorithms when. cg, a bottleneck occurs so
as to increase the throughput and eliminate the bottleneck,

in the following description of preferred embodiments.
two categories of compression algorithms are defined—an
“asymmetrical" data compression algorithm and a “sym-
metrical datn compression algorithms. An asymmetrical data
compression algorithm is referred to herein as one in which
the execution time for the compression and decompression
routines differ significantly. In particular. with an asymmetri-
cal algoritlun. either the compression routine is slow and the
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decompression routine is fast or the compression routine is
fast and the decompression routine is slow. Examples of
asymmetrical compression algorithms include dictionary-
based compression schemes such as lcmpel-Ziv.

On the other hand. a “symmetrical" data compression algo-
rithm is referred to herein as one in which the execution time

for the compression and the decompression routines are sub-
stantially similar. Examples of synuuetrical algorithms
include table-based compression schemes such as Huffman.
For asymmetrical algoritluns. the total execution time to per-
form one compreSS and one decompress old data set is typi-
cally greater than the total execution time of symmetrical
algorithms. But an asymmetrical algorithm typically achieves
higher compression ratios than a symmetrical algorithm.

it is to be appreciated that in accordance with the present
invention. symmetry may be defined in terms ofoverall effec-
tive bandwidth, compression ratio, or time or any combina-
tion thereof. In particular, in instances of frequent data read]
writes, bandwidth is the optimal parameter for symmetry. ln
asynnuetric applications such as operating systems and pro-
grams. the governing factor is net decompression bandwidth,
which is a function of both compression speed. which gov-
erns data retrieval time, and decompression speed, wherein
the total govems the not effective data read bandwidth. These
factors work in an analogous manner for data storage where
the governing factors are both compression ratio {storage
time] and compression speed. The present invention applies
to any combination or subset thereof. which is utilized to
optimize overall bandwidth. storage space, or any operating
point in between.

Referring now to FIG. 1, a high-level block diagram illus-
trates a system for providing bandwidth sensitive data com-
pressionfdecompression according to an embodiment of the
present invention. in particular, FIG. 1 depicts a host system
ll comprising a controller 1] (e.g.. 3 file management sys-
tem), a compression/decompression (or data compression)
system 12, a p] uralityofconipression algorithms 13, a storage
medium 14, and a plurality ofdata profiles 15. The controller
tracks and monitors the throughput (e.g., data storage and
retrieval) of the data compression system 12 and generates
control signals to enableldisablc different compression algo-
rithms 13 when the throughput falls below a predetermined
threshold. In one embodiment, the system throughput that is

tracked by the controller 11 preferably comprises a nttmbcr of
pending access requests to the memory system.

The data compression system 12 is operatively connected
to the storage medium Musing suitable protocols to write and
read compressed data to and from the storage medium 14. it
is to be understood that the storage medium 1 4 may comprise
any form of memory device including all forms ofsequential.
pseudo-random. and random access storage devices. The
storage medium 14 may be volatile or non-volatile in nature.
or any combination thereof. Storage medium as known within
the current on incl tldc all forms ofmndom access memory.

magnetic and optical tape. magnetic and optical disks, along
with various other forms of solid-state mass storage media.
Thus it should be noted that the current invention applies to all
terms and manners of storage media including. but not 1i m-
itcd to. storage mediums utilizing magnetic, optical. and
chemical techniques. or any combination thereof. The data
compression system 12 preferably operates in real-time (or
substantially real-time) to compress data to be stored on the
storage medium 14 and to decompress data that is retrieved
from the storage tnedium 14. In addition, the data compres-
sion system 12 may receive data (compressed or not com-
pressed) via an 110 [inputtoutput] pen 16 that is transmitted
over a transmission line or communication channel from a
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remote location, and then process such data (e,g., decompress

or compress the data). The data compression syslern 12 may
further transmit data (compressed or decompresscd) Via the
I/O port 16 to another network device for remote processing
or storage.

The controller 11 utilizes information comprising a plural-

ity oi'data profiles 15 to determine which compression algo-
rithms 13 should be used by tlte data compression system 12.

in a preferred embodiment. the compression algorithms 13
comprise one or more asymmetric algoritluns. As noted
above, with asymmetric algorithms. the compression ratio is
typically greater than the compression ratios obtained using
symmetrical algorilhms. Preferably, a plurality ol‘usymmct-
ric algori thins are selected to provide one or more asymmetric
algorithms comprising a slow compress and fast decompress
routine. as well as one or more asymmetric algorithms corn-

prising a fast compress and slow decompress routine.
The compression algorithms 13 timber comprise one or

more synuuetric algorithms. each having a compression rate
and corresponding decompression rate that is substantially
equal. Preferably. a plurality of symmetric algorithms are
selected to provide a desired range of compression and
decompression rates for data In be processed by a symmetric
algorithm.

In a preferred embodiment. the overall throughput (band-
width) of the host system 10 is one factor considered by the
controller 11 in deciding whether to use an asymmetrical or
symmetrical compression algorithm for processing data
stored to. and retrieved from. the storage medium 14. Another
factor that is used to determine the compression algorithm is

the type of data to be processed. in a preferred embodiment,
the data profiles 15 comprise information regarding predeter-
mined access proliles ofdi fl'crent data sets. which enables the
controller 11 to select a suitable compression algorithm based
on the data type. For instance. the data profiles may comprise
a map that associates difl‘erent data types (based on. cg. a file
extension] with preferred one(s} of the compression algo—
rithms 13. For example. prefer-red access profiles considered
by the controller 11 are set fonh in the following table.
__________——————

Access Profile 1'. Access Profile 2 Access Profile 3__________——————

Data is written to a Data is written The amount of times data
storage medium once to the storage is read from and written
(or very few times) Irtcdilun often to the storage medium is
but is read from the but read few substantially the same.
storage medium many times Times__________——————

“Gilt Access Profile 1, the decompression routine would be .

executed significantly more times than the corresponding
compression routine. This is typical with operating systems.
applications and websites, for example. Indeed. an asym-
metrical application can be used to (ofliine) compress an (OS)
operating system, application or Website using a slow com-
pression routine to achieve a high compression ratio. Aller the
compressed OS, application or Website is stored. the asym-
metric algorithm is then used during runtime to decompress,
at a significant rate. the OS, application or website launched
or accessed by a riser.

Therefore. with data sets falling within Access Profile 1, it

is preferable to utilize an asymmetrical algorithm that pro-
vides a slow compression routine and a fast decompression
routine so as to provide an increase in the overall system
performance as compared the perfonuancc that would be
obtained using a symmetrical algorithm. Further, the corn-
pression ratio obtained using the asymmetrical algoritlun
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would likely be lugltcr than that obtained usinga symmetrical
algorithm [thus effectively increasing the storage capacity of
the storage device).

Willi Access Profile 2, the compression routine would be

executed significantly more times than the decompression
routi ne. This is typical with a system for automatically updat-
ing an inVentory database. for example. wherein an asymmet-
ric algoritluu that provides a fast compression routine and a
slow decompression routine would provide an overall faster
(hifltcr throughput) and efficient (higher compression ratio)
system perfonuance than would be obtained using a syru-
metrical algorithm.

WithAccess Profile 3, where data is accessed with a sitnilar
number of reads and writes, the compression routine would

be executed approximately the same number oftimcs as the
decompression routine. This is typical ofmost user-generated
data such as documents and spreadsheets. Thcrclore, it is

preferable to utilize a synnnctrical algoritlun that provides a
relatively fast compression and decompression routine. This
would result in an overall system performance that would be
faster as compared to using an asymmetrical algorithm (al-
though the compression ratio achieved may be lower).

The following table summarizes the three data access pro-
liles and the type of compression algorithm that would pro—
dttce optimum throughput.

____—_—_—————

Example Compressed
Access Data Compression Data Decompression
Profile Types Algorithm Characteristics Algorithm———__——_-

1. Write Operating Asymmetrical Very high Asymmetrical
few. systems. (Slow compression (Fast
Read Programs, compress) ratio decompress)
many Web sites
2. Write Auto- Asymmetrical Very high Asymmetrical
many, matically (Fast compressron (Slow
Read updated compress) ratio decompress)
few inventory

database
3. Similar User Symmetrical Standard Symmetrical
nu mhor of generated compression
Reads and documents ratio
Writes
____—_———————

In accordance with the present invention, the access profile
of a given data set is known a priori or determined prior to
compression so that the optimum category of compression
algorithm can be selected. As explained below. the selection
process may be performed either manually or automatically
by the controller I] of the data compression system 12. Fur-
titer. the decision regarding which routines will be used at
compression time (write) and at decompression time (read) is
preferably made before or at the time ofcompression. This is
because once data is compressed using a certain algorithm,
only the matching decompression routine can be used to
decompress the data, regardless ofhow much processing time
is available at the time of decompression.

Referring now to FIG. 2, a flow diagram illustrates a
method for providing bandwidth sensitive data compression
accord ing to one aspect ot'the present invention. For purposes
of illustration. it is assumed that the method depicted in FIG.
2 is implemented with a disk controller for providing accel-
erated data storage and retrieval from a hard disk on a PC
(personal computer}. The data compression system is initial-
ized during a boot-up process after the PC" is poweredwon and
a default compressioufdccomprcssion routine is instantiated
(step 20).

lo a preferred embodiment. the default algorithm com-
prises an asymmetrical algorithm sirtcc an operating system
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and application programs will be read from hard disk memory
and decompressed duri ng the initial use ol‘the host system 10.
Indeed, as discussed above, an asymmetric algorithm that
provides slow compression and last decompression is prefer-
able l'or compressing operating systems and applications so
as to obtain a high compression ratio (to effectively increase
the storage capacity of the hard disk) and fast data access (to
effectively increase the rct rieval rate from the hard disk). The
in i liul asymmetric routine that is applied (by, e.g., a vendor) to
compress the operating system and applications is preferably
set as the default. The operating system will be retrieved and
then decompressed using the default asymmetric routine
(step 21).

During initial runtime, the controller will maintain use the
default algorithm until certain conditions are met. For
instance. if a read command is received (aflimiative result in

step 22). the controller will determine whether the data to be
read front disk can be compressed using the current routine
(step 2.1). For tltis determination. the controller could. cg.
read a flag value that indicates tltc algorithm that was used to
compress the file. If the data can be decompressed using the
current algorithm {allirntativc determination in step 23), then
the file will be retrieved and decompressed (step 25). On tlte
other hand, if the data cannot be decompressed using the
current algorithm (negative detemiination in step 23), the
controller will issue the appropriate control signal to the
compression system to load the algorithm associated with the
file (Step 24) and. subsequently, decompress the file (step 25).

If a write command is received (allirmntive result in step

26). the data to be stored will be compressed using the current
algorithm (step 27). During the process nfcompression and
storing the compressed data. the controller will track the
throughput to determine whether the throughput is meeting a
predetermined threshold (step 28). For example. the control-
ler may track the number of pending disk accesses (access
requests) to determine whether a bottleneck is occurring. if
the throughput of the system is not meeting the desired thresh-
old (e.g.. the compression system enmiot maintain the
required or requested data rates) (negative determination in
step 28). then the controller will command the data compres-
sion system to utilize a compression routine providing luster
compression (cg. a fast synunetric compression algorithm)
(step 29) so as to mitigate or eliminate the bottleneck.

If, on the other hand, the system throughput is meeting or
exceeding the threshold (affirmative determinat ion in step 28)
and the current algorithm being used is a symmetrical routine
(affirmative determination in step 30'). in an elTon to achieve
ttplil'l‘tttl compression ratios. the Controller will command the
data compression system to use an asymmetric compression
algorithm (step 31) that may provide a slower rate of corn-
pression, but provide elficient compression.

This process is repeated such that whenever the controller
determines that the compression system can maintain the
reqttired’reqttested data throughput usinga slow (highly elli-
cient} asymmetrical compression algorithm. the controller
will allow the compression system to operate in the asym-
metrical mode. This will allow the system to obtain maximum

storage capacity on the disk. Further. the controller will com-
mand the compression system to use a symmetric routine
comprising a fast compression routine when the desired
dtrougltput is not met. This will allow the system to, e.g._.
service the backlogged disk accesses. Then, when the con-
troller determines that the required/requested data rates are
sttbsequently lower and the compression system canmaintain
the data rate, the controller can command the compression
system to use a slower (but more efficient) asymmetric corn-
pression algorithm.
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With the above-described method depicted in FIG, 2. the
selection of the contpression routine is performed automati-
cally by the controller so as to optimize system throughput. in
another embodiment, a user that desires to install a program
or test files. for example. can conunand the system (via a
software utility) to utilize a desired compression routine for
compressing and storing the compressed program or files to
disk. For example. for a power user. a GUI menu can be
displayed that allows the user to directly select a given algo-
rithm. Alternatively. the system can detect the type of data
being installed or stored to disk (via file extension, etc.) and
automatically select an appropriate algorithm using the
Access Profile inlitrmalion as described above. For instance.
the user could indicate to the controller that the data being

installed comprises an application program which the con-
troller would determine falls under Access Profile 1. The

controller would then command the compression engine to
utilize an asymmetric compression algorithm employing a
slow compression routine and a fast decompression routine.
The result would be a one-timepenalty during program instal-
lation (slow compression}. but with fast access to the data on
all subsequent executions (roads) of the program, as well as a
high compression ratio.

it is to be appreciated that the present invention may be
implemented in any data processing system. device. or appa-
ratus using data compression. For instance, the present inven-
tion may be employed in a data transmission controller in a
network environment to provide accelerated data transmis-
sion over a communication channel (i.e.. ctTectivcly increase
the transmission bandwidth by compressing the data at the
source and decompressing data at the receiver, in real-time).

Further, the present invention can be implemented with a
data storage controllerutilizing data compression and decoru-
prcssion to provided accelerated data storage and retrieval
from amass storage device. Exemplary embodiments ofpre-
ferred data storage controllers in which the present invention
may be implemented are described, for example, in US.
patent application Ser. No. 09/775,905, filed on Feb. 2, 2001,
entitled “Data Storcwidth Accelerator”, now US. Pat. No.

6,748,457, which is commonly assigned and fully incorpo-
rated herein by reference.

FIG. 3 illustrates a preferred embodiment ofa data storage
controller 120 as described in the above-incorporated U.S.
Ser. No. 091715.905 for implementing a bandwidth sensitive
data compression protocol as described herein. The data stor-
age controller 120 comprisesa 1351’ (digital signal processor)
121 (or any other t‘tticro‘processor device) that implements a
data compressioufdecompressiou routine. The DSP 121 prel-
erably employs a plurality of symmetric and asymmetric
compressiontdecompression as described herein. The data
storage controller 120 further comprises at least one program~
mable logic device 122 (or volatile logic device). The pro-
grammable logic device 122 preferably implements the logic
(pmgrani code) for instantiating and driving both a disk inter-
face 114 and a bus interface 115 and for providing full DMA
(direct memory access) capability for the disk and bus inter-
faces 114. 115. Further. upon host computer power-11p andfor
assertion of a system-level “reset" (cg. PC I Bus reset}. the
DSP 121 initializes and programs the programmable logic
device 122 before of the completion of initialization of the
host contputer. 'l'his advantageously allows the data storage
controller 120 to be ready to accept and process commands
from the host computer (via the bus 116) and retrieve boot
data from the disk (assuming the data storage controller 120
is implemented as the boot device and the hard disk stores the
boot data (e.g._. operating system, etc.))
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The data storage controller 129 further comprises a plural-
ity of memory devices including a RAM [random access
memory] device 123 and a ROM (read only memory) device
12d (or H .Ab‘l-l memory or other types: of non-volatile
memory). The RAM device 123 is utilized as on-board cache
and is preferably implemented as SDRAM. The ROM device
124 is utilized for non-volatile storage of logic code associ-
ated with the USP [21 and configuration data used by lllc D3?
121. to program the programmable logic device 122.

The DSP 121 is opcmtively comected to the memory
devices 123. 124 and the programmable logic device 122 via
a local bus 125. The USP 12 1 is also operatively connected to

the programmable logic device 122 via an independent con-
trol bus 126. The programmable logic device 122 provides
data flow control between the USP 12] and the host computer

system attached to the bus 116. as well as data flow control
between the D3? 121 and the storage device. A plurality of
external L'O ports 12'? are included for data transmission
auditor loading ofone or more programmable logic devices.
Preferably. thedisk interface 114 driven by thcprogrnnmiablc
logic device 122 supports a plurality of hard drives.

The storage controller 120 further comprises computer
reset and power up circuitry 128 (or "boot configuration
circuit“) for controlling initialization (either cold or warm
boots) of the host computer system and storage controller _
120. A preferred boot configuration circuit and preferred
computer initialization systems and protocols are described
in US. patent application Ser. No. 09:73.89? filed on Feb. 2,
2001. entitled "System and Methods For Computer initial-
ization." now abandoned. which is commonly assigned and

incorporated herein by reference. Preferably, the boot con-
figuration circuit 128 is employed for controlling the initial-
izing and progtamming the programmable logic device 122
during configure] ion of the host computer system (i.e.. while
the CPU of the host is held in reset). The boot configuration
circuit 128 ensures that the programmable logic device 122

{and possibly other volatile or partially volatile logic devices}
is iiutialiaed and progmnmted before the bus 116 [such as a
PC] bus) is fully reset. in particula r, when power is first
applied to the boot configuration circuit 128. the boot con-
figuration circuit 28 generates a control signal to reset the
local system (e.g.. storage controller 1211} devices such as a
USP. memory. and It’() interlitces. Once the local system is
powered-up and reset. thccontrolling device (such as the DSP
121) will then proceed to automation] Iy determine the system
envirotunent and configure the local system to Work within
that environment. By way ofexample. the 051’ 121 of the disk
storage controller 121) would sense that the data storage eon-
Lroller 120 is on a PCI computer has (expansion bus] and has
attached to it a hard disk on an lDE interface. The 1351’ 121
would then lead the appropriate PCI and {DE interfaces into
the programmable logic device 122 prior to completion of the
host system reset. Once the programmable logic device 1 22 is
configured for its environment. the boot device controller is
reset and ready to accept commands over the computeriexa
pansion bus 116.

It is to be understood that the data storage controller 120

may be utilized as a controller for transmitting data (cont~
pressed or uncompressed} to and from remote locations over
the DSP HO ports 12'? orbus 116, for example. indeed. the lr‘O
ports 12'! of the DSP 12] may be used for transmitting data
(compressed or uncompressed) that is either retrieved front
the disk or received from the host system via the bus 116. to
remote locations for proccssing andlor storage. indeed, the
HO ports 12? may be operatively connected to other data
storage controllers or to a network communication channels.
Likewise. the data storage controller 120 may receive data
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(compressed or uncompressed) over the lr'O ports 127 of the
DSP 121 front remote systems that are connected to the I/O

ports 127 of the DSP, for local processing by the data storage
controller 1211. For instance, a remote system may remotely
access the data storage controller 120 {via the NO ports ofthe
DSP or the bus 1 16) to utilize the data compression. in which
case the data storage controller 120 would transmit the com-
pressed data back to the system that requested compression.

In accordance with the present invention. the system [e.g..

data storage ootitrollcr 120) preferably boots-up in a mode
using asymmetrical data compression. It is to be understood
that the boot process would not be affected whether tlte sys-
tem boots up defaulting to an asymmetrical mode or to a
symmetrical mode. This is because during the boot process of
the computer. it is reading the operating system from the disk.
not writing. However. once data is written to the disk using a
compression algorithm. it must retrieve and read the data
using the corresponding decompression algorithm.

As the user creates. deletes and edits files. the data storage
controller 120 will preferably utilize an asymmetrical com~
pression routine that provides slow compression and fast
decompression. Since using the asymmetrical compression
algorithm will provide slower compression titan a synuuetri-
cal algorithm. the file system of the computer will track
whether the data storage controller 120 ltas disk accesses
pending. If the data storage controller 120 does have disk
necesses pending and the system is starting to slow down. the
file management system will command the data storage con—
troller 120 to use a faster symmetrical compression algo-
rithm. If there are no disk access requests pending, the file

management system will leave the disk cont roller in the mode
of using the asymmetrical cotnpression nlgoritlun.

if the data storage controller 120 was switched to using a
symmetrical algorithm. the file management system will
preferably signal the controller to switch back to a default
asymmetrical algorithm when, eg. the rate of the disk access
requests slow to the point where there are no pending diskaccesses.

At some point a user may decide to install soliware or load
files onto the hard disk. Before installing the software, for

example. as described above. the user could indicate to the
data storage controller 120 (via a software utility) to enter and
remain in an asymmetric mode using an asymmetric com—
pression algorithm with a slow compression routine and a
very fast decompression routine. The disk controller would
continue to use the asymmetrical algorithm until conunanded
otherwise. regardless ofthe ntttnberofpending disk accesses.
'lhen, after completing the software installation, the user
would then release the disk controller from this “asymmetri—

cal only" mode ofoperation [via the software utility).
Again. when the user is not conunanding the data storage

controller 120 to remain iii a certain mode. the file tonnage-

ment system will determine whether the disk controller
should use the asymmetrical compression algorithms or the
symmetrical compression algoritlmts based on the amount of
backlogged disk activity, If the backlogged disk activity
exceeds a threshold. then the file management system will

preferably command the disk controller to use a faster com-
pression algorithm, even though compression performance
may suffer. Otherwise. the file management system will cont-
mand the disk controller to use the asynuneu-ical algorithm

that will yield greater compression performance.
It is to be appreciated that the data compression methods

described herein by be integrated or otherwise implemented
with the content independent data compression methods
described in the above-incorporated US. Pat. Nos. 6, 195.024
and 6,309,424.
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FIG. 4A is a diagram of a file system format of a virtual
and/or physical disk according to an embodiment of the
present invention.

In yet another embodiment of the present invention, a
virtual file management system is utilized to store, retrieve, or
transmit compressed and/or accelerated data. In one embodi-
ment of the present invention, a physical or virtual disk is
utilized employing a representative file system format as
illustrated in FIG. 4A. As shown in FIG. 4A, a virtual file
system format comprises one or more data items. For
instance, a “Superblock" denotes a grouping ofconfiguration
information necessary for the operation of the disk manage-
ment system. The Superblock typically resides in the first
sector of the disk. Additional copies of the Superblock are
preferably maintained on the disk for backup purposes. The
number of copies will depend on the size of the disk. One
sector is preferably allocated for each copy ofthe Superblock
on the disk, which allows storage to add additional param-
eters for various applications. The Superblock preferably
comprises information such as (i) compress size; (ii) virtual
block table address; (iii) virtual block table size; (iv) alloca-
tion size; (v) number of free sectors (approximate); (vi) ID
(“Magic”) number; and (vii) checksum.

The “compress size” refers to the maximum uncompressed
size ofdata that is grouped together for compression (referred
to as a “data chunk”). For example, ifthe compress size is set
to 16 k and a 40 k data block is sent to the disk controller for

storage, it would be divided into two 16 k chunks and one 8 k
chunk. Each chunk would be compressed separately and pos-
sess its own header. As noted above, for many compression
algorithms, increasing the compression size will increase the
compression ratio obtained. However, even when a single
byte is needed from a compressed data chunk, the entire
chunk must be decompressed, which is a tradeoffwith respect
to using a very large compression size.

The “virtual block table address” denotes the physical
address of the virtual block table. The “virtual block table
size” denotes the size of the virtual block table.

The “allocation size” refers to the minimum number of

contiguous sectors on the disk to reserve for each new data
entry. For example, assuming that 4 sectors are allowed for
each allocation and that a compressed data entry requires only
I sector, then the remaining 3 sectors would be left unused.
Then, if that piece of data were to be appended, there would
be room to increase the data while remaining contiguous on
the disk. Indeed, by maintaining the data contiguously, the
speed at which the disk can read and write the data will
increase. Although the controller preferably attempts to keep
these unused sectors available for expansion ofthe data, ifthe
disk were to fill up, the controller could use such sectors to
store new data entries. In this way, a system can be configured
to achieve greater speed, while not sacrificing disk space.
Setting the allocation size to I sector would effectively dis-
able this feature.

The “number Offree sectors” denotes the number ofphysi-
cal free sectors remaining on the disk. The ID (“Magic) num-
ber” identifies this data as a Superblock. The “checksum”
comprises a number that changes based on the data in the
Superblock and is used for error checking. Preferably, this
number is chosen so that all of the words in the Superblock
(including the checksum) added up are equal to zero.

FIG. 4B is a diagram of a data structure of a sector map
entry of a virtual block table according to an embodiment of
the present invention.

The “virtual block table" (VET) comprises a nmnber of
“sector map” entries, one for each grouping of compressed
data (or chunks). The VET may reside anywhere on the disk.

10

15

20

25

30

35

40

45

50

55

60

65

18

The size of the VBT will depend on how much data is on the
disk. Each sector map entry comprises 8 bytes. Although
there is preferably only one VBT on the disk, each chunk of
compressed data will have a copy ofits sector map entry in its
header. If the VBT were to become corrupted, scanning the
disk for all sector maps could create a new one.

The term “type” refers to the sector map type. For example,
a value of “00” corresponds to this sector map definition.
Other values are preferably reserved for future redefinitions
of the sector map.

A “C Type” denotes a compression type. A value of “000”
will correspond to no compression. Other values are defined
as required depending on the application. This function sup-
ports the use of multiple compression algorithms along with
the use of various forms of asymmetric data compression.

The “C Info” comprises the compression information
needed for the given compression type. These values are
defined depending on the application, In addition, the data
may be tagged based on its use—for example operating sys-
tem “00”, Program “01”, or data “10”. Frequency of use or
access codes may also be included. The size of this field may
be greatly expanded to encode statistics supporting these
items including, for example, cumulative number of times
accessed, number of times accessed within a given time
period or CPU clock cycles, and other related data.

The “sector count” comprises the number of physical sec-
tors on the disk that are used for this chunk of compressed
data. The “LBA” refers to the logical block address, or physi-
cal disk address, for this chunk of compressed data.

Referring back to FIG. 4A, each “Data” block represent
each data chunk comprising a header and compressed data.
The data chunk may up anywhere from 1 to 256 sectors on the
disk. Each compressed chunk of data is preferably preceded
on the disk by a data block header that preferably comprises
the following information: (i) sector map; (ii) VBI; (iii) ID
(“Magic”) Number; and (iv) checksum.

The “sector map” comprises a copy of the sector map entry
in the VBT for this data chunk. The “VBI” is the Virtual Block

Index, which is the index into the VBT that corresponds to this
data chunk. The “ID (“Magic) Number” identifies this data as
a data block header. The “checksum” number will change
based on the data in the header and is used for error checking.
This number is preferably chosen such that the addition ofall
the words in the header (including the checksum) will equal
zero.

It should be noted that the present invention is not limited
to checksums but may employ any manner of error detection
and correction techniques, utilizing greatly expanded fields
error detection and/or correction.

It should be fiu’ther noted that additional fields may be
employed to support encryption, specifically an identifier for
encrypted or unencrypted data along with any parameters
necessary for routing or processing the data to an appropriate
decryption module or user.

The virtual size ofthe disk will depend on the physical size
of the disk, the compress size selected, and the expected
compression ratio. For example, assume there is a 75 GB disk
with a selected compress size expecting a 3:1 compression
ratio. the virtual disk size would be 225 GB. This will be the

maximum amount of uncompressed data that the file system
will be able to store on the disk.

If the number chosen is too small, then the entire disk will
not be utilized. Consider the above example where a system
comprises a 75 GB disk and a 225 GB virtual size. Assume

73
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that in actuality during operation the average compression
ratio obtained is 5:1. Whereas this could theoretically allow
375 GB to be stored on the 75 GB disk, in practice, only 225
GB would be able to be stored on the disk before a “disk full”

message is received. Indeed, with a 5:1 compression ratio, the
225 GB ofdata would only take up 45 GB on the disk leaving
30 GB unused. Since the operating system would think the
disk is full, it would not attempt to write any more information
to the disk.

On the other hand, if the number chosen is too large, then
the disk will fill up when the operating system would still
indicate that there was space available on the disk. Again
consider the above example where a system comprises a 75
GB disk and a 225 GB virtual size. Assume further that during
operation, the average compression ratio actually obtained is
only 2:1. In this case, the physical disk would be full after
writing 150 GB to it, but the operating system would still
think there is 75 GB remaining. If the operating system tried
to write more information to the disk, an error would occur.

Thus, in another embodiment of the present invention. the
virtual size of the disk is dynamically altered based upon the
achieved compression ratio. In one embodiment, a running
average may be utilized to reallocate the virtual disk size.
Alternatively, certain portions of the ratios may already be
known—such as a preinstalled operating system and pro—
grams. Thus, this ratio is utilized for that portion of the disk,
and predictive techniques are utilized for the balance of the
disk or disks.

Yet in another embodiment, users are prompted for setup
information and the computer selects the appropriate virtual
disk(s) size or selects the best method ofestimation based on,
e.g., a high level menu of what is the purpose of this com-
puter: home, home office, business, server. Another submenu
may ask for the expected data mix, word, excel, video, music,
etc. Then, based upon expected usage and associated corn-
pression ratios (or the use of already compressed data in the
event of certain fonns of music and video) the results are
utilized to set the virtual disk size.

It should be noted that the present invention is independent
ofthe number or types ofphysical or virtual disks, and indeed
may be utilized with any type of storage.

It is to be understood that the systems and methods
described herein may be implemented in various forms of
hardware, software, firmware, special purpose processors, or
a combination thereof. In particular, the present invention
may be implemented as an application comprising program
instructions that are tangibly embodied on a program storage
device (e.g., magnetic floppy disk, RAM, ROM, CD ROM,
etc.) and executable by any device or machine comprising
suitable architecture. It is to be further understood that,
because some ofthe constituent system components and pro-
cess steps depicted in the accompanying Figures are prefer-
ably implemented in software, the actual connections
between such components and steps may differ depending
upon the manner in which the present invention is pro-
grammed. Given the teachings herein, one ofordinary skill in
the related art will be able to contemplate these and similar
implementations or configurations of the present invention.

Although illustrative embodiments have been described
herein with reference to the accompanying drawings, it is to
be understood that the present system and method is not
limited to those precise embodiments, and that various other
changes and modifications may be affected therein by one
skilled in the art without departing from the scope or spirit of
the invention. All such changes and modifications are
intended to be included within the scope of the invention as
defined by the appended claims.
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What is claimed is:

1. A method, comprising:
determining, a parameter or an attribute ofat least a portion

of a data block having video or audio data;
selecting one or more compression algorithms from among

a plurality of compression algorithms to apply to the at
least the portion of the data block based upon the deter-
mined parameter or attribute and a throughput ofa com-
munication channel, at least one of the plurality ofcom-
pression algorithms being asymmetric; and

compressing the at least the portion of the data block with
the selected compression algorithm after selecting the
one or more, compression algorithms.

2. The method of claim 1, further comprising:
storing at least a portion of the compressed data block.
3. The method of claim 2, further comprising:
retrieving at least a portion of the at least stored portion of

the compressed data block based upon a user command
or the throughput of the communication channel.

4. The method of claim 1, wherein selecting comprises:
selecting the one or more compression algorithms to apply

to the at least the portion ofthe data block based uponthe
determined parameter or attribute, the throughput ofthe
communication channel, and a frequency ofaccess ofat
least a portion ofa second compressed or uncompressed
data block.

5. The method ofclaim 1, wherein compressing comprises:
compressing the at least the portion of the data block with

the selected one or more compression algorithms based
upon a user command.

6. The method ofclaim 1, wherein each compression algo-
rithm from among the plurality of compression algorithms is
asymmetric.

7. The method of claim 1, further comprising:
determining the throughput of the communication channel

by utilization of a portion of a memory device.
8. The method of claim 2, further comprising:
retrieving at least a portion of the at least stored portion of

the compressed data block based upon a utilization of
one or more central processing Luiits (CPUs).

9. An apparatus, comprising:
a controller configured to:

determine a parameter or an attribute ofat least a portion
of a data block having video or audio data, and

select one or more compression algorithms from among
a plurality of compression algorithms to detennine a
plurality ofcompression algorithms to apply to the at
least the portion of the data block based upon the
determined parameter or attribute and a throughput of
a communication channel, at least one ofthe plurality
of compression algorithms being asymmetric; and

a data compression system configured to compress the at
least the portion of the data block with the selected one
or more compression algorithms.

10. The apparatus of claim 9, further comprising:
a storage medium configured to store a portion of the at

least compressed portion of the data block.
11. The apparatus of claim 10, wherein the data compres-

sion system is further configured to retrieve at least a portion
ofthe at least stored portion ofthe at least compressed portion
of the data block based upon the throughput of the commu-
nication channel or a user command.

12. The apparatus of claim 10, wherein the data compres-
sion system is further configured to:

retrieve at least a portion ofthe at least stored portion ofthe
at least compressed portion ofthe data block based upon
the throughput of the communication channel; and
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retrieve at least a portion of a second compressed data
block, compressed with one or more second compres—
sion algorithms from among the plurality of compres-
sion algorithms, based upon a second throughput of the
communication channel,

wherein at least one ofthe one or more second compression

algorithms are different from at least one of the selected
one or inert: compression algoritlnns, and

wherein the second throughput of the communication
channel is different from the throughput of the commu-
nication channel.

13. The apparatus of claim 12, wherein the controller is
further configured to retrieve at least a portion of a third
compressed data block that was compressed with one or more
third compression algorithms from among the plurality cont-
prcssion algorithms based upon a third throughput of the
communication channel, the third throughput of the commu-
nication channel differing from the first or the second
throughputs of the communication channel.

14. The apparatus of claim 9, wherein the controller is
configured to select the one or more compression algorithms
to apply to the at least the portion of the data block basedupon
the determined parameter or attribute. the throughput of the
communication channel, and a frequency of access ofat least

the portion of a second compressed or uncompressed data
block.

15. The apparatus ofclaim 9, wherein the data compression
system is configured to compress the at least the portion of the
data block with the selected one or more compression algo~
rithms based upon a user command.

16. The apparatus of claim 9. wherein each compression
algorithm from among the plurality of compression algo-
rithms is asymmetric.

17. The apparatus of claim 9. wherein the controller is
further configured to determine the throughput ol‘ the com»
munication channel by utilization of a portion of a memory
device.

18. The apparatus of claim 10. wherein the data compres-
sion system is further configured to retrieve all teas: a ponion
of the at least stored portion of the compressed data block
based upon a utilimtion of one or more central processing
units (CPUs).

19. A method, comprising:
determining a plurality of compression algorithms:
selecting one or more compression algorithms from among

the determined plurality of compassion algorithms
based upon a frequency of access ofat least a portion of
a compressed or uncompressed data block. at least one
ofthe plurality of compression algorithms being asynt~
metric; and

compressing, at least a portion ofa second data block with
the selected one or more compression algorithms.

20. The method of claim 19, further comprising:

storing at least a portion ofthe at least compressed portion
of the at least the portion of the second data block.
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21. The method of claim 20, further comprising:

retrieving at least a portion of the at least compressed
portion ofthe at least the portion ofthe second data block
based upon a throughput ofa communication channel or
a user command.

22. The method of claim 19, further comprising:

select ingone ormore second compression algorithms from
among the determined plurality compression algoritlnns
to apply to at least a portion ol‘ the second data block
based upon a throughput ofa communication channel.

23. 'Ihe method of claim 19, wherein compressing com-

prises:
cotnpressing the at least the portion of the second data

block with the selected one or more compression algo-

rithms based upon a user command.
24. The method of claim 19, wherein each compression

algorithm from among the plurality of compression algo-
ritlnns is asymmetric.

25. An apparatus, comprising:
a controller configured to:

determine a plurality ofcompression algorithms, at least
one of the plurality of compression algoritlmts being
asymmetric, and

select one or more compression algorithms from among
the determined plurality of compression algoritlnns
based upon a frequency ol‘access ol‘al least a portion
of a compressed or uncompressed data block: and

a data compression system configured to compress at least
a portion ofa second data block with the selected one or
more compression algoritlnns.

26. The apparatus ofclaim 25. further comprising:
a storage medium configured to store at least portion o {the

compressed portion of the at least the portion of the
second data block.

2'7. The apparatus of claim 26. wherein the data compres-
sion system is further configured to retrieve a portion of the
stored portion ofthe at least compressed portion ofthe at least
the portion of the second data block based upon a throughput
of a communication channel or a user command.

28. The apparatus of claim 25. wherein the controller is
further configured to select one or more second compression
algoritlnns from among the determined plurality compres-
sion of algoritlnns to apply to the at least the portion of the
second data block based upon a throughput ofa communica-
tion cltarmel.

29. The apparatus of claim 25, wherein the data compres-
sion sysuzn't is configured to compress the at least the portion
of the second data block with the selected one or more com-

pression algoritlnns based upon a user command.
30. The apparatus of claim 25, wherein each compression

algorithm from among the plurality of compression algo-
rithms is asymmetric.

>l< * * * *
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SYSTEMS AND METHODS FOR VIDEO AND
AUDIO DATA STORAGE AND DISTRIBUTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13l154,239, filed on Jun. 6, 2011, new U.S. Pat.
No. 8,553,159, which is a continuation ofU.S. patent appli-
cation Ser.No. 12l123,081.1iled on May 19, 2008. now U.S.
Pat. No. 8.073.047. which is a continuation of 1.1.8. patent

application Ser. No. 10!076,Ul3. filed on Feb. 13, 2002. now
US. Pat. No. 7,386,046, which claims the benefit of 11.5.
Provisional Application No. 60!268.394, filed on Feb. 13.
2001, each ofwhich is t'nl ly incorporated herein by reference
in its entirety.

BACKGROUND

1. Technical Field

The present invention relates generally to data compres-
sion and decompression and. in particular, to a system and
method for compressing and dccontprcssing data based on an
actual or expected throughput {bandwidth} ol'a system that
employs data compression. Additionally the present inven-
tion relates to the subsequent storage. retrieval. and manage-
ment of information in data storage devices utilizing either
compression and/or accelerated data storage and retrieval
bandwidth.

2. Description of the Related Art
There are a variety ofdata compression algorithms that are

currently available, both wel|»delined and novel. Matty com-
pression olgoritluns define one or more parameters that can be
varied, either dynamically or tt-priori, to change the perfor-
mance characteristics of the algorithm. For example, with a

typica 1 dictionary based compression algorithm such as Lem-
pcl-Ziv. the size of the dictionary can affect the performance
of the algorithm. indeed. a large dictionary may be employed
to yield very good compression ratios but the algorithm may
take a long time to execute. lfspeed were more important than
compression ratio, then the algorithm can be limited by
selecting a smaller dictionary. thereby obtaining a much
faster cutttpression time. but at the possible cost of a lower
compression ratio. The desired performance ofa compression
algorithm and the systcttt in which the data compression is
employed. will vary depending on the application.

Thus, one challenge in employing data compression for a
given application or system is selecting one or more optimal
compression algorithms from the variety of available algo—
rithms. Indeed. the desired balance between speed and elli-
ciency is typically a significant factor that is considered in
determining which algoritlutt to employ for a given set of
data. Algorithms that compress pan icularly well usually take
longer to execute whereas algorithms that execute quickly
usually do not compress particularly well.

Accordingly. a system and method that would provide
dynamic modification of compression system parameters so
as to provide an optimal balance between execution speed of
the algorithm (compression rate} and the resulting compres-
sion ratio, is highly desirable.

Yet another problem within the current art is data storage
and retrieval bandwidth limitations. Modem computers uti—
lizc a hierarchy of tuentory devices. In order to achieve maxi-
mum performance levels. modern processors utilize onboard
memory and on board cache to obtain high bandwidth access
to built program and data. Limitat iotts in process technologies
currently prohibit placing a sufficient quantity of onhoard
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memory for most applications. Thtts. in order to ochr suffi-
cient memory for the operating systetn(s}. application pro-
grams, and user data. cotttputers alien use various fomts of
popular oil—processor high speed memory including static
random access memory (SRAM), synchronous dynamic ran-
dom access memory (SDRAM), synchronous burst static ram

(SBSRAM). Due to the prohibitive cost of the high-speed
random access memory, coupled with their power volatility. a
third lower level of the hierarchy exists for non-volatile mass

storage devices. While mass storage devices olTer increased
capaci ly and fairly economical data storage. their data storage
and retrieval bandwidth is often much less in relation to the
other elentenls ofa computing system.

Computers systems represent information in a variety of
manners. Discrete information such as text and numbers are

easily represented in digital data. This type of data represen-
tation is known as symbolic digital data. Symbolic digital
data is thus an absolute representation of data such as a letter,

figure, character. mark. machine code, or drawing.
Continuous information such as speech. music. audio.

images and video. frequently exists in the natural world as
analog inl'onnation. As is well known to those skilled in the
art. reCent advances in very large scale integration (VL31)
digital computer technology have enabled both discrete and
analog infomtation to be represented with digital data. Con-
tinuotts infant-ration represented as digital data is often
referred to as diffuse data. Diffuse digital data is thus a rep-
resentation of data that is of low information density and is

typically not easily recognizable to humans in its native lortn.
Modern computers utilize digital data representation

because ol'its inherent advantages. For example. digital data
is more readily processed. stored, and transittit ted due to its
hiherently high noise iuuntntity. in addition. the inclusion of
redundancy in digital data representation enables error detec-
tion andfor correction. [Error detection andror correction

capabilities are dependent upon the amount and type of data
redundancy, available error detection and correction process-
ing, and extent of data corruption.

One outcome of digital data representation is the continu—
ing need for increased capacity in data processing. storage,
and transmittal. 'lhis is capecially true for diffuse data wltere
increases in fidelity and resolution create exponentially
greater quantities ofdata. Data compression is widely used to
reduce the amount of data required to process, transmit. or
store a given quantity ol‘inforrnation. ltt general. there are two
types of data compression teclutiques that may be utilized
either separately or jointly to cncodet’dccodc data: losslcss
and lossy data compression.

Over the last decade, computer processor performance has
improved by at least a factor of 50. During this saute period,
magnetic disk storage has only improved by a factor of 5.
Thus one additional problem with the existing art is that
memory storage devices severely limit the performance of
consumer, entertaitmtent. office. workstation, servers, and
mainframe computers for all disk and memory intensive
operations.

Forexarnple. magnetic disk mass storage devices currently
employed iii a variety ufltonte. business. and scientific com—
puting applications suil'er [rout significant seek-time access
delays along with profound readr'write data rate lintitations.
Currently the fastest available (I 5.000) rpm disk drives sup-
port only a 40.0 Megabyte per second data rate (Mstec).
This is in stark contrast to the modern Personal Computer‘s

Peripheral Component Interconnect (PCT) Bus’s inptttioutput
capability of512 MBa'sec and internal local bus capability of
1600 MB/sec.
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Another problem within the current art is that emergent
high performance disk interlace standards such as the Small
Computcr Systems interface {SCSI it}. iSCSl, Fibre Channel.
AT Attaclmienl UltmDMM100+. Serial Storage Architec-

ture, and Universal Serial Bus offer only higher data transfer
rates through intermediate data hollering in random access
memory. These interconnect strategies do not address the
fundamental problem that all modertt magnetic disk storage
devices for the personal computer marketplace are still lim-
ited by the saint: typical physical media restriction. In prac-
tice, faster disk access data rates are only achieved by the high
cost solution of simultaneously accessing multiple disk
drives with a technique known within the art as data striping
and redundant array ofindependent disks (RAID).

RAID systems often afford the user the benefit of increased
data bandwidth for data storage and retrieval. By simulta—
neously accessing two or more disk drives. data bandwidth
may be increased at a maximum rate that is linear and directly
proportional to the number of disks employed. Titus another
problem with modern data storage systems utilizing RAID
systems is that a linear increase in data bandwidth requires a
proportional number ofadded disk storage devices.

Another problem with most modern mass storage devices
is their inherent tmreliability. Many modern mass storage
devices utilize rotating assemblies and other types of electro»
mechanical components that possess failure rates one or more
orders of magnitude higher than equivalent solid state
devices. RAID systems employ data redundancy distributed
across multiple disks to enhance data storage and retrieval
reliability. In the simplest case. data may be explicitly
repeated on multiple places on a single disk drive. on multiple
places on two or more independent disk drives. More com—
plex techniques are also employed that support various trade—
olTs between data bandwidth and data reliability.

Standard types of RAID systems currently available
include RAID Levels 0, 1, and 5. The configuration selected

depends on the goals to be achieved. Specifically data reli-
ability. data validation, data storager‘retricval bandWidt'h, and
cost all play a role in defining the appropriate RAID data
storage solution. RAID level it entails pure data striping
across multiple disk drives. This increases data bandwidth at
best linearly with the number of disk drives utilized. Data
reliability and validation capability are decreased. A fa ilttrc of
a single drive results in a complete loss of all data. Thus
another problem with RAID systems is that low cost
improved bandwidth requires a significant decrease in reli-
ability.

RAID chcl 1 utilizes disk mirroring where data is dupli-

cated on an independent disk subsystem. Validation of data
amongst the two independent drives is possible if the data is
simultaneously accessed on both disks and subsequently
compared. This tends to decrease data bandwidth from even
that of a single comparable disk drive. In systems that olTer
hot swap capability, the failed drive is removed and a replace-
ment drive is inserted. The data on the failed drive is then

copied in the background whi lo the entire system continues to
operate in a performance degraded but fully operational
mode. Once the data rehttild is complete, normal operation
resumes. Hence, another problem with RAID systems is the
high cost of increased reliability and associated decrease in
performance.

RAID Level 5 employs disk data striping and parity error
detection to increase both data bandwidth and reliability

simultaneously. A tninimum of three disk drives is required
for this technique. In the event of a single disk drive failure.
that drive may be rebuilt from parity and other data encoded
on disk remaining disk drives. In systems that offer hot swap
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capability, the failed drive is removed and a replacement drive
is inserted. The data on the failed drive is then rebuilt in the

background while the entire system continues to operate in a
perlomiunce degraded but fully operational mode. Once the
data rebuild is complete. normal operation resumes.

Thus another problem with redundant modem mass stor—
age devices is the degradation of data bandwidth when it
storage device fails. Additional problems with bandwidth
limitations and reliability similarly occur within the art by all
other forms of sequential, pseudo-random, and random
access tttass storage devices. Typically mass storage devices
include magnetic and optical tape, magnetic and optical
disks. and various solid—state mass storage devices. It should
be noted that the present invention applies to all forms and
manners ofmemory devices including storage devices utiliz-

ing magnetic. optical, neural and chemical techniques or any
combination thereof.

Yet another problem within the current art is the applica-
tion and use ol'various data compression techniques. It is well
known within the current art that data compression provides

several unique benefits. First. data compression can reduce
the time to transmit data by more ellicicntly utilizing low
bandwidth data links. Second. data compression economizcs

on data storage and allows more information to be stored for
a fixed tt'lcn'tory size by representing information more effi-
ciently.

For purposes of discussion, data compression is canoni-
cally divided into iossy and lossless techniques. Lossy data
comprcssion techniques provide foran inexact representation
of the original uncompressed data such that the decoded (or
reconstructed) data dill'ers from the original unencodedfon-
compressed data. Lossy data compression is also known as
irreversible or noisy compression. Negentropy is defined as
the quantity ofittformation in a given set ofdala. Titus. one
obvious advantage of lossy data compression is that the cont-
pression ratios can be larger than that dictated by the negent-
ropy limit, all at the expense of infonnation content, Matty
loss}r data compression teclutiqucs seek to exploit various
traits within the human senses to eliminate otherwise imper-

ceptible data. For example, lossy data compression of visual
imagery might seek to delete information content in excess of
the display resolution or contrast ratio of the target display
device.

On the other hand, lossless data compression techniques

provide an exact representation ofthe original itncompreSSed
data. Simply stated, the decoded (or reconstructed) data is
identical to the original unencoded/uncompresscd data. Loss-
less data compression is also known as reversible or noiseless
compression. Thus, lossless data compression has, as its cur—
rent limit, a minimum representation defined by the entropy
of a given data set.

A rich and highly diverse set of lossless data compression
and decompression algorithms exist within the current art.
These range from the simplest “adhoc" approaches to highly
sophisticated formalized techniques that span the sciences of
information theory, statistics, and artificial intelligence. One
titttdatnental problem with almost all modern approaches is
the compression ratio to encoding and decoding speed
achieved. As previously stated, the current theoretical limit
for data compression is the entropy limit of the data set to be
encoded. How ever, in practice. many factors actually limit the
compression ratio achieved. Most modern compression algo-
rithms are highly content dependent. Content dependency
exceeds the actual statistics of individual elements and often
includes a variety ofother factors including their spatial loca—
tion within the data set.
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01' popular compression techniques, aritlunetic coding
possesses the highest degree ofalgorithmic effectiveness. and
as expected. is the slowest to execute. This is followed in turn
by dictionary compression. Huffman coding. and run-length
coding with respectively decreasing execute times. What is
not apparent li'om these algorithms. that is also one major
deficiency within the current art. is knowledge of their algo-
rithmic efficiency. More specifically, given a compression
ratio that is within the effectiveness 01' multiple algorithms.

the question arises as their corresponding efficiency.
Within the current art there also presently exists a strong

inverse relationship between achieving the maximum (cur—
rent) theoretical compression ratio, which we define as algo-
rithmic effectiveness, and requisite processing time. For a
given single algorithm the ell'ectiveness over a broad class of
data sets inclttding text. graphics, databases, and executable
object code is highly dependent upon the processing effon
applied. Given a baseline data set. processor operating speed
and target architecture. along with its associated supporting
memory and peripheral set, we define algorithmic efficiency
as the time required to achieve a given compression ratio.
.fitlgoritlmtic efficiency assumes that a given algoritlun is
implemented in an optimum object code representation
executing front the optimum places in memory. This is almost
never achieved in practice due to limitations within modern
opt imizing software compilers. it should be further noted that
an optimum algorithmic implementation for a given input
data set may not be optimum for a different data set. Much
work remains in developing a comprehensive set of metrics
for measuring data compression algorithmic performance,
however for present purposes the previously defined terms of
algorithmic effectiveness and efficiency should suffice.

Various solutions to this problem of optimizing algorith-
mic implementation are found in US. Pat. Nos. 6,195,024
and 6.309.424. issued on Feb. 27, 2001 and Oct. 30, 2001.

respectively, to James Fallon, both of which are entitled
“Content Independent Data Compression Method and Sys-
tem,” and are incorporated herein by reference. These patents
describe data compression methods that provide content-in-
dependent data compression, wherein an optimal compres-
sion ratio for an encoded stream can be achieved regardless of
the data content of the input data stream. As more fully
described in the above incorporated patents, a data compres-
sion protocol comprises applying an input data stream to each
of a plurality of different encoders to, in effect. generate a
plurality of encoded data streams. The plurality of encoders
are preferably selected based on their ability to effectively
encode different types of input data. The final compressed
data stream is generated by selectively combining blocks of
the compressed stretuns output from the plurality ol'encoders
based on one or more factors such as theoptimal compression
ratios obtained by the plurality of decoders. The resulting
compressed output stream can achieve the greatest possible
compression. preferably in real-time. regardless of the datacontent.

Yet another problem within the current art relates to data
management and the use of existing file management sys-
tems. Present crunputer operating systems utilize file matt-
agement systems to store and retrieve information in a uni-
form. easily identifiable. formal. Files are collections of
executable programs and!or various data objects. Files occur
in a wide variety of lengths and must be stored within a data
storage device. Most storage devices, and in particular. mass
storage devices. work most efficiently with specific quantities
of data. For example. modem magnetic disks are often
divided into cylinders, heads and sectors. This breakout arises
from legacy electro-mechanical considerations with the for-
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mat of an individual sector often some binary multiple of
bytes (512. 1024. . . . ). A lixed or variable quantity of sectors
housed on an individual track. The number ofsectors permit-
ted on a single track is limited by the number ol'reliable flux
reversals that can be encoded on the storage media per linear
inch. often referred to as linear bit density. In disk drives with
multiple heads and disk media, a single cylinder is comprised
oftuultiple tracks.

A file allocation table is often used to organize both used
and unused space on a mass storage device. Since a file often
comprises more than one sector of data. and individual sec-
tors or contiguous strings of sectors may be Widely dispersed
over multiple tracks and cylinders, a file allocation table
provides a methodology of retrieving a file or portion thereof.
File allocation tables are usually comprised of strings of
pointers or indices that identify where various portions of a
file are stored.

In-order to provide greater flexibility in the management of
disk storage at the media side of the interface. logical block
addresses have been substituted for legacy cylinder. head.
sector addressing. This permits the individual disk to opti-
mize its mapping from the logical address space to the physi-
cal sectors on the disk drive. Advantages with this technique
include faster disk accesses by allowing the disk manufac-
tu rer greater flexibility in managing data interleaves and other
high-speed access techniques. in addition. the replacement of
bad media sectors can take place at the physical level and need
not be the concern ofthe file allocation table or host computer.
Furthermore. these bad sector replacement maps are defin-
able on a disk by disk basis.

Practical limitations in the size of the data required to both
represent and process art individual data block address, along
with the size of individual data blocks, governs the type offile
allocation tables currently in use. For example. a 4096 byte
logical block size (8 sectors) employed with 32 bit logical
block addresses. This yields an addressable data space of
17.59 Terabytes. Smaller logical blocks permit more efficient
use of disk space. Larger logical blocks support a larger
addressable data space. Thus one limitation within the current
an is that disk file allocation tables and associated file man—

agement systems are a compromise between efficient data
storage, access speed, and addressable data space.

Data in a computer has various levels of information con-
tent. Even within a single file. many data types and formats
are utilized. Each data representation has specific meaning
and each may hold differing quantities of information. Within
the current art. computers process data in a native. uncom-
pressed, fonnat. Thus compressed data must often be decent-
pressed prior to performing various data processing litnctions
or operations. Modem file systems have been designed to
work with data in its native format. Thus another significant

problem within the current art is that file systems are not able
to randomly access compressed data in an efficient manner.

Further aggravating this problem is the fact that when data
is decontpressed. processed and recoinpressed it may not fit
back into its original disk space, causing disk fragmentation
or complex disk space reallocation requirements. Several
solutions exist within the current art including file by file and
block structured compressed data management.

In file by file compression. each file is compressed when
stored on disk and decompressod when retrieved. For very
small files this technique is often adequate, however for larger
files the compression and decompression times are too slow.
resulting in inadequate system level performance. In addition.
the ability to access randomly access data within a specific file
is lost. The one advantage to file by file compression tech-
niques is that they are easy to develop and are compatible with
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existing file systems. Thus file by file compressed data man-
agement is not an adequate solution.

Block structured disk compression operates by compress-

ing and decompressing fixed block sizes ol'data. Block sizes
are olten fixed. but may be variable in size. A single file
usually is comprised of multiple blocks, however a file may
be so small as to fit within a single block. Blocks are grouped

together and stored in one or more disk sectors as a group of
Blacks [(50le A group ofblocks is compressed and docont»

pressed as a unit, thus there exists practical limitations on the
size of60135. Most compression algorithms achieve a higher
level ol‘algorithmic ellhctiveness when operating on larger
quantities of data. Restated the larger the quantity of data
processed with a uniform information density, the higher the
compressions rat io achieved. lI‘GOBs are small comprCSsion
ratios are low and processing time short. Conversely, when
GOBS are large compression ratios are higher and processing
time is longer. Large GOBs tend to perform in a manner
analogous to file by file compression. The two obvious hen-
elits to block structured disk cotnpression are psuedo-random
data access and reduced data compression/decompression

processing time.
Several problems exist within the current art for the man-

agement of compressed blocks. One method for storage of
compressed files on disk is by contiguously storing all 6085
corresponding to a single file. l-lowever as files are processed
within the computers. files may grow or shrink in size. Inef—
ficient disk storage results when a substantial file size reduc-
tion occurs. Conversely when a tile grows substantially. the
additional space required to store the data may not be avail-
able contiguously. The result of this process is substantial
disk fragmentation and slower access times.

An alternate method is to map compressed GOBs into the
next logical free spaCe on the disk. One problem with this
method is that average file access times are substantially
increased by this technique due to the random data storage.
Peak access delays may be reduced since the statistics behave
with a more uniform white spectral density. however this is
not guaranteed.

A further layer of complexity is encountered when com-
pressed information is to be managed on more than one data
storage device. Competing requirements ol‘data access band-
width. data rcliabilityircdundancy. and efficiency of storage
space are encountered.

'lhese and other limitations within the current art are solved
with the present invention.

SUMMARY OF THE INVENTION

The present invention is directed to a system and method
for compressing and decontprcssing based on the actual or
expected throughput (bandwidth) ofa system employing data
compression and a technique of optimizing based upon
planned. expected. predicted, or actual usage.

in one napoet of the present invention, a system for provid-
ing bandwidth sensitive data compression comprises:

a data compression system for compressing and decom-
pressing data input to the system:

a plurality of compression routines selectively utilized by
the data compression system: and

a controller for tracking the throughput ofthe system and
generating a control signal to select a compression rott-
tine based on the system throughput. In a preferred
embodiment. when: the controller determines that the

system throughput falls below a predeterm inod through—
put threshold. the controller commands the data com-
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pression engine to use a compression routine providing
a faster rate ofcompression so as to increase the through-
put.

In another aspect. a system [or providing bandwidth sen-
sitive data compression comprises a plurality of access pro-
files. operatively accessible by the controller that enables the
controller to determine a compression routine that is associ-
ated with a data type ofthe data to be compressed. The access
profiles comprise information that enables the controller to
select a suitable compression algoritlu'n that provides a
desired balance between execution speed (rate of compres-
sion) and efficiency (compression ratio}.

In yet another aspect, a system comprises a data storage
controller for controlling the compression and storage of

compressed data to a storage device and the retrieval and
decompression of compressed data from the storage device.
The system throughput tracked by the controller preferably
comprises a number of pending access requests to a storage
device.

In anotlteraspeot, the system comprises a data transtnission
controller for controlling the compression and transmission
of compressed data, as well as the decompression of com-
pressed data received over a conununication channel. The
system throughput tracked by the controller comprises a
number ofpending transmission requests over the communi-
cation channel.

In yet another uspect of the present invent ion, a method for
providing bandwidth sensitive data compression in a data
processing system, comprises the steps of:

compressing data using an first compression routine pro-
viding a first compression rate;

tracking the throughput of the data processing system to
determine if the first compression rate provides a

throughput that meets a predetermined throughput
threshold: and

compressing data using a second compression routine pro—
viding a second compression rate that is greater titan the
first compression rate. il‘the tracked throughput does not
meet the predetermined throughput threshold.

Preferably. the first compression routine comprises a
default asymmetric routine and wherein the second compres~
sion routine comprises a sytmnctric routine.

In another asracct. the method comprises processing a user
command to load a user—selected compression routine for
compressing. data.

In another aspect, the method further comprises processing
a user command to cotnpress user-provided data and auto-
matically selecting a compression routine associated witlt a
data type of the user-provided data.

These and other aspects. features and advantages of the
present invention will become apparent from the following
detailed description ofpreferrod embodiments. which is to be
read in cotmection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a high-level block diagram ol'a system [‘or pro—
viding bandwidth sensitive data compressiutv‘decompression
according to an embodiment of the present invention.

FIG. 2 is a flow diagram of a method for providing band-
width sensitive data compression/decompression according
to one aspect of the present invention.

FIG. 3 is a block diagram of a preferred system for imple-
ment ing a bandwidth sensitive data compression/decomprcs'
sion method according to an embodiment of the present
invention.

113
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FIG. 4A is a diagram ofa file system format of a virtual
and/or physical dish according to an embodiment of the
present invention.

FIG. 4B is a diagram of a data structure ofa sector map
entry of a virtual block table according to an embodiment of
the present invention.

DESCRIPTION 015’ PREFERRED
EMBODIMENTS

The present invention is directed to a system and method
for compressing and dccotnprcssing based on the actual or
expected throughput (bandwidth) ofa system employing data
compression. Although one of ordinary skill in the art cottld
readily envision various implementations for the present
invention, a preferred system in which this invention is
employed comprises a data storage controller that preferably
utilizes a real-time data compression system to provide
“accelerated" data storage and retrieval bandwidths . The con-

cept of "accelerated" data storage and retrieval was intro-
duced in U.S. patent application Scr. No. 09!266,394_. filed
Mar. 1 1. LOW, entitled "System and Methods ForAccelernted
Data Storage and Retrieval.“ now US. Pat. No. 6,601,104.
and U.S. patent application Ser. No.09!481.243. filed Jan. 1 1.
2000. entitled “System and Methods For Accelerated Data

5

10

25

Storage and Retrieval." now U.S. Pat. No. 6.604,158. both of
which are conunouly assigned and incorporated herein by
reference.

in general. as described in the above-incorporated applica-
tions, “accelerated“ data storage comprises receiving a digital
data stream at a data transmission rate which is greater than
the data storage rate of a target storage device, compressing
the input steam at a compression rate that increases the effec—
tive data storage rate of the target storage device and storing
the compressed data in the target storage device. For instance.
assume that a mass storage device [such as a hard disk) has a
data storage rate of 20 megabytes per second. If a storage
controller for the mass storage device is capable of compress

ing {in real time) an input data stream with an average com-
pression rate of Pt: I , then data can be stored in the mass
storage device at a rate offal} megabytes per second, therehy
eli‘ectively increasing the storage bandwidth (“storewidth”)
of the mass storage device by a factor of three. Similarly.
accelerated data retrieval comprises retrieving a compressed

digital data stream from a target storage device at the rate
equal to. eg.: the data access rate of the target storage device
and then docomprcssing the compressed data at a rate that
increases the effective data acCess rate of the target storage
device. Advantageously, providing accelerated data storage
and retrieval at [or close to) real-time can reduce or eliminate
traditional bottlenecks associated with. e.g.. local and net-
work disk accesses.

ln a preferred embodiment, the present invention is imple-
mented for providing accelerated data storage and retrieval.
In one embodiment, a controller tracks and monitors the
throughput (data storage and retrieval) ol'a data compression
system and generates control signals to enabletdisable difier-
ent compression algorithms when, e.g., a bottleneck occurs so
as to increase the throughput and eliminate the bottleneck.

in the following description of preferred embodiments,
two categories of compression algoritiu'ns are defined—an
“asymmetrical“ data compression algorithm and a “sym-
metrical data compression algorithms. An asymmetrical data
compression algorithm is referred to herein as one in which
the execution time for the compression and decompression
routines differ significantly. In particular, with an asynunetri-
cal algorithm. either the compression routine is slow and the
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decompression routine is fast or the compression routine is
fast and the decompression routine is slow. Examples of
asymmetrical compression algorithms include dictionary-
bascd compression schemes such as Lerupel-Ziv.

On the other hand. a “symmetrical" data compression algo-
rithm is referred to herein as one in which the execution time
for the compression and the decompression routines are sub-
stantially similar. Examples of symmetrical algorithms
include table-based cotnpression schemes such as Huffman.
For asymmetrical algorithms. the total execution time to per.
form one compress and one decompress ofa data set is typi-
cally greater than the total execution time of synnnctrica]
algorithms. But an asymmetrical algoritlun typically achieves
higher compression ratios than a symmetrical algorithm.

it is to be appreciated that in accordance with the present
invention. symmetry may be defined in terms ofoverall effec-
tive bandwidth. compression ratio. or time or any combina-
tion thereof in particular. in instances of frequent data readr
writes, bandwidth is the optimal parameter for symmetry. in
asymmetric applications such as operating systems and pro-
grams. the governing factor is net decompression bandwidth,
which is a ftrrtction of both compression speed. which gov-
erns data retrieval time, and decompression speed, wherein

the total governs the not effective data read bandwidth. ‘l‘hese
factors work in an analogous manner for data storage where
the governing factors are botlt compression ratio (storage
time) and compression speed. The present invention applies
to any combination or subset thereof. which is utilized to
optimize overall bandwidth. storage space. or any operating
point in between.

Referring now to FIG. 1, a high—level block diagram illus-
trates a system for providing bandwidth sensitive data com—
pressionidocomprcssion according to an embodiment of the
present invention. in particular. FIG. 1 depicts a host system
10 comprising a controller 11 (cg. a file management sys-
tem), a cempiressionr'decompression system 12. a plurality of
compression algorithms 13. a storage medium 14. and a pie-
rality of data profiles 15. The controller tracks and monitors
the throughput (cg. data storage and retrieval) of the data
compression system 12 and generates control signals to
enabler'disahle different compression algori thrns 13 when the
throughput falls below a predetermined threshold. In one
embodiment, the system tluoughput that is tracked by the
controller 1! preferably comprises a number of pending
access requests to the memory System.

The compression system 12 is operatively cormected to the
storage medium Musing suitable protocols to write and read
compressed data to and front the storage medium 14. 111510 be
understood that the storage medium 14 may comprise any
form of tnentory device including all forms of sequential.
pseudo-random. and random access storage devices. The
memory storage device 14 may be volatile or non-volatile in
nature. or arty combination thereof. Storage devices as known
within the current art include all forms of random access

memory. magnetic and optical tape. magnetic and optical
disks. along with various other forms of solid-state mass
storage devices. Thus it should be noted that the current
invention applies to all fomts and manners of memory devices
including. but not lirttited to. storage devices utilizing mag-
netic, optical. and chemical techniques, or any combination
thereof. The data compression system 12 preferably operates
in real-time (or substantially real-time] to compress data to be
stored on the storage device 14 and to decompress data that is
retrieved from the storage device 14. In addition, the com-

pression system 12 may receive data (compressed or not
compressed) via an IEO (inputroutput) port 16 that is trans-
rnitted over a transmission line or communication channel
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frotn a remote location, and then process such data (e.g.,
decompress or compress the data). The compression system
12 may further transmit data (compressed or deconipressed)
via the I/O port 16 to another network device for remote
processing or storage.

The controller 11 utilizes information comprising a plural-

ity of data profiles 15 to determine which compression algo-
rithms 13 should be used by the compression system 12. In a
preferred embodiment, the Compression algorithms 13 com-
prise one or more asymmetric algoritluns. As noted above.
with asymmetric algorithms, the compression ratio is typi-
cally greater than the compression ratios obtained using sym-
metrical algorithms. Preferably, a plurality of asymmetric
algorithms are selected to provide one or more asyrmnetric
algorithms comprising a slow compress and last decompress
routine. as well as one or more asymmetric algorithms corti-

prising a fast compress and slow decompress routine.
The compression algorithms 14 further comprise one or

more symmetric algorithms, each having a compression rate
and corresponding decompression rate that is substantially
equal. Preferably. a plurality of symmetric algorithms are
selected to provide a desired range of compression and
decompression rates for data to be processed by a symmetric
algoritlun.

in a preferred embodiment. the overall throughput (band-
width) of the system 1|] is one factor considered by the con-
troller 1] in deciding whether to use an asymmetrical or
symmetrical compression algorithm for processing data
stored to, and retrieved from, the storage device 14. Another
factor that is used to determine the compression algorithm is
the type of data to be processed. In a preferred embodiment,
the data profiles 15 comprise inlhnnation regarding predeter-
mined acccss profiles ofdifi‘erent data sets. which enables the
controller 11 to select a suitable compression algorithm based
on the data type. For instance, the data profiles may comprise
a map that associates different data types (based on, e.g., a file
extension) with preferred onets) oi’ the compression algo-
rithms 13. For emiiiple. preferred access profiles considered
by the controller 11 are set forth in the following table.
 

Access Profile 1: Access Profile 2 Access Profile 3l
The amount of times data
is read from and written
to the storage medium is
substantially the same

Data is written
to the storage

Data is written to a
storage medium once
(or very few times) medium often
but is read from the but read few
storage medium many times Times
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WithAccess Profile 1, the decompression routine would be

exccttted significantly more times than the corresponding
compression routine. This is typical with operating systems,

applications and websites, for example. Indeed, an asym-
metrical application can be used to (oliline) compress an (OS)
operating system, application or Website using a slow com-
pression routine to achieve a high compression ratio. After the
compressed OS, application or website is stored, the asym-
metric algorithm is then used during runtime to decompress,
at a significant rate, the OS, application or website launched
or accessed by a user.

Therefore, with data sets falling within Access Profile 1, it

is preferable to utilize an asymmetrical algorithm that pro-
vides a slow compression routine and a fast decompression
routine so as to provide an increase in the overall system

performance as compared the performance that would be
obtained using a symmetrical algorithm. Further, the com-

pression ratio obtained using the asymmetrical algorithm
would likely be higher than that obtained using a symmetrical

algorithm (thus effectively increasing the storage capacity of
the storage device).

With Access Profile 2, the compression routine would be

executed significantly more times than the decompression
routine. This is typical with a system for automatically updat—

ing an inventory database, for example, wherein an asymmet-
ric algorithm that provides a fast compression routine and a
slow decompression routine would provide an overall faster

(higher throughput) and efficient (higher compression ratio)
system performance than would be obtained using a sym-
metrical algorithm.

WithAccess Profile 3, where data is accessed with a similar
munber of reads and writes, the compression routine would
be executed approximately the same number of times as the
decompression routine. This is typical ofmost user-generated
data such as documents and spreadsheets. Therefore, it is
preferable to utilize a symmetrical algorithm that provides a
relatively fast compression and decompression routine. This
would result in an overall system performance that would be
faster as compared to using an asymmetrical algorithm (al-
though the compression ratio achieved may be lower).

The following table summarizes the three data access pro-
files and the type of compression algorithm that would pro-
duce optimum throughput.
 

 

Compressed
Example Data Compression Data Decompression

Access Profile Types Algorithm Characteristics Algorithm

1. Write few, Operating Asymmetrical Very high Asymmetrical
Read many systems, (Slow compress) compressron (Fast decompress)

Programs. ratio
Web sites

2. Write Automatically Asymmetrical Very high Asymmetrical
many, Read updated (Fast compressron (Slow
few inventory compress) ratio decompress)

database
3. Similar User Symmetrical Standard Symmetrical
number of generated compressron
Reads and documents ratio
Write:
—————————
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In accordance with the present invention, the access profile
of a giver, data set is known a priori or determined prior to
compression so that the optimum category of compression
algorithm can be selected. As explained below, the selection
process may be performed either nutnually or automatically
by the controller 11 of the data compression system 12. Fur-
ther, the decision regarding which routines will be used at
compression time (write) and at decompression time (read) is
preferably made before or at the time ofcompression. This is
because once data is compressed using a certain algorithm.
only the matching decompression routine can be used to
decompress the data, regardless ofhow much processing time
is available at the time of decompression.

Referring now to FIG. 2, a flow diagram illustrates a
method for providing bandwidth sensitive data compression
according to one aspect ofthe present invention. Forpurposes
of illustration, it is assumed that the method depicted in FIG.
2 is implemented with a disk controller for providing accel-
erated data storage and retrieval from a hard disk on a PC
(personal computer). The data compression system is initial-
ized during a boot~up process after the PC is powered—011 and
a deliinlt con'tpressionfdecompression routine is instantiated
(step 20).

in a preferred embodiment, the default algorithm com-
prises an asynunetrical algorithm since an operating system
and application programs will be read front hard disk memoryr
and decompressed during the initial use of tlte system 10.
Indeed, as discussed above, an asymmetric algorithm that
provides slow compression and fast decompression is prefer-
able for compressing operating systems and applications so
as to obtain a high compression ratio (to effectively increase
the storage capacity of the hard disk) and fast data access (to
effectively increase the retrieval rate from the hard disk). The
initial asymmetric routine that is applied (by, e.g., a vendor) to
compress the operating system and applications is preferably
set as the default. The operating system will be retrieved and
then decompressed ttsing the default asymmetric routine
(step 21).

During initial runtime, the controller will maintain use the
default algorithm until certain conditions are met. For
instance, if a read command is received {eiTmnative result in
step 22), the controller will determine whether the data to be
read from disk can be compressed using the current routine
{step 23). For this determination. the controller could. e.g..
read a flag value that indicates the algorithm that was used to
compress the file. If the data can be decompressed using the
current algorithm (affirmative determination in step 23). then
the file will be retrieved. and decompressed {step 25). On the
other hand, if the data cannot be decotnpressed using the
current algorithm (negative delcnuination in step 23), the
controller will issue the appropriate control signal to the
compression system to load the algorithm associated with the
file [step 24) and. subsequently. decompress the file (step 25).

If a write command is received (affirmative result in step
26), the data to be stored will be compressed using the current
algorithm {step 27). During the process of compression and
storing the compressed data, the controller will track the
throughput to determine whether the throughput is meeting a
predetermined tlueshold (step 28). For example. the control-
ler may track tlte number of pending disk accesses (access
requests} to determine whether a bottleneck is occurring. If
the throughput oi‘tlie system is not meeting the desired thresh-
old (e.g., the compression system cannot maintain the
required or requested data ratcs)(negotive detemiination in
step 28), then the controller will command the data comprcSv
sion system to tttilire a compression routine providing faster
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compression (e.g., a fast symmetric compression algorithm)
(step 29) so as to mitigate or eliminate the bottleneck.

If, on the other hand, the system throughput is meeting or
exceeding the threshold (affirmative determination in step 28)
and the current algorithm being used is a symmetrical routine
(ullirmative determination in step 30), in un el'lbrt to achieve
optimal compression ratios, the controller will command the
data compression system to use an asymmetric compression
algorithm (step 31) that may provide a slower rate of cont-
prcssiou, but provide ellicient compression.

This process is repeated such that whenever the controller
determines that the compression system can maintain the
required/requested data throughput using a slow (highly effi-
cient) asymmetrical compression algorithm, the controller
will allow the compression system to operate in the asym-
metrical tnode. This will allow the system to obtain maximum
storage capacity 011 the disk. Further, the controller will cont-
tnand the compression system to use a symmetric routine
comprising a fast compression routine when the desired
throughput is not met. This will allow the system to, e.g.,
service the backlogng disk accesses. Then, when the con-
troller determines that the requiredfrequested data rates are
subsequently lower and the compression system can maintain
the data rate. the controller can command the compression
system to use a slower {but more efficient) asymmetric cout-
prcssion algorithm.

With the above-described method depicted in FIG. 2. the
selection of the compression routine is performed automati-
cally by the controller so as to optimize system throughput. in
another embodiment, a user that desires to install a program
or text files, for example, can command the system (via a
software utility) to utilize a desired compression routine for
compressing and storing the compressed program or files to
disk. For example. for a power user. a GUI menu can be
displayed that allows the user to directly select a given algo-
rithm. Alternatively. the system can detect the type of data
being installed or stored to disk (via file extension, etc.) and
automatically select an appropriate algorithm using the
Access Profile information as described above. For instance,
the user could indicate to the controller that the data being
installed comprises an application program which the con—
troller would determine falls under Access Profile 1. The

controller would then command the compression engine to
utilize an asymmetric compression algorithm employing a
slow compression routine and a fast decompression routine.
The result would be a one-time penalty during program instal-
lation (slow compression). but with fast access to the data on
all subsequent executions (reads) ol'thc program, as well as a
high compression ratio.

It is to be appreciated that the present invention may be
implemented in any data processing system. device. or appa-
ratus using data compression. For instance. the present inven-
tion may be employed in a data transmission controller in a
network environment to provide accelerated data transmis-
sion over a communication choline] (i.e.. effectively increase
the transmission bandwidth by compressing the data at the
source and decompressing data at the receiver, in real-time).

Further, the present invention can be implemented with a
data storage controller utilizing data compression and decom-
pression to provided accelerated data storage and retrieval
front a mass storage device. Exemplary embodiments ofpre-
ferred data storage controllers in which the present invention
may be implemented are described, for example, in US.
patent application Ser. No. 09/775,905, filed on Feb. 2, 2001,
entitled “ ata Storewidth Accelerator", now US. Pat. No.

6.748.457. which is common Iy assigned and fully incorpo-
rated herein by reference.
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FIG. 3 illustrates a preferred emboditttcnt of a data storage
controller 120 as described in the above-incorporated U.S.
Ser. No. 09l775.905. now U .8. Pat. No. 6.748.457. for imple-

menting a bandwidth sensitive data compression protocol as
described herein . The storage controller 120 comprises a DSP

(digital signal processor) 121 (or any other micro-processor
device) that implements a data compressioufdecompressiott
routine. The DSP 121 preferably employs a plurality of sym-
metric and asymmetric cotnpressimildecompression as
described herein. The data storage controller 1 29 farther cont-

prises at least one pmgrrtntmable logic device 122 (or volatile
logic device). The programmable logic device 122 preferably
implements the logic (program code) for instantiatirtg and
driving both a disk interface 114 and a bus interface 115 and
for providing full DMA (direct memory access) capabili ty for
the disk and bus interfaces 1 14, 115. Further. upon host com-

puter power-up andlor assertion of a system-level “reset"
(e. 3... PCI Bus reset), the DSP 121 initializes and programs tlte
programmable logic device 122 before of tlte completion of
initialization of the host computer. This advantageously
allows the data storage controller 120 to be ready to accept
and process commands from the host computer {via the bus
116) and retrieve boot data from the disk {assuming the dtltu
storage controller 120 is implemented as the boot device and
the hard disk stores the boot data [e.g._. operating system.
etc.))

The data storage controller 120 fttrthercontprises a plural-
ity of memory devices including a RAM [random access
memory) device 123 and a ROM (read only memory) device
124 (or FLASH memory or other types of non-volatile
memory). The RAM device 123 is utilized as cit-board cache
and is preferably implemented as SDRAM. The ROM device
124 is utilized for non-volatile storage of logic code associ-
ated with the DSP 1 21 and configuration data used by the DSP
121 to program the programmable logic device 122.

The DSP 121 is operatively connected to the memory
devices 123. 124 and the programmable logic device 122 via
a local bus 125. The DSP 121 is also operatively connected to

the progratmnablc logic device 122 Via an independent con-
trol hits 126. The pmgrammable logic device 122 provides
data flow control between the DSP 121 and the host computer

system attached to the bus 116. as well as data flow control
between the DSP 121 and the storage device. A plurality of
external. NO ports 12'! are included tor data transmission
andior loading of one or more programmable logic devices.
Preferably. the disk interface 1 14 driven by the programmable
logic device 122 supports a plurality of hard drives.

The storage controller 120 further comprises computer
reset and power up circuitry 128 (or "boot configuration
circuit“) lor controlling initialization (either cold or Warm
boots) of the host computer system and storage controller
120. A preferred boot configuration circuit and preferred
computer initialization systems and protocols are described
in 11.5. patent application Ser. No. 091775.897, filed on Feb. 2.
200] . entitled “System and Methods For Computer lititial~
iteration,“ published as 11.5. Patent Publication No. US 2001-
0047473 At. which is commonly assigned and incorporated
herein by reference. Preferably. the boot configuration eircttit
128 is employed for controlling the init ializing and program-
ming the prograuunablc logic device 122 during configura—
tion of the host computer system (i.e.. while the CPU of the
ltost is held in reset). The boot configuration circuit 128
ensures that the programmable logic device 122 (and possibly
other volatile or partially volati te logic devices) is initialized
and programmed before the bus 116 (such as a [‘CI bus) is
fully reset. In particular, when power is first applied to the
boot configuration circuit 128. the boot configuration circttit
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28 generates a control signal to reset the local system leg,
storage controller 120) devices such as a DSP. memory. and
U0 interfaces. Once the local system is powered-up and reset,
the controlling device (suclt as the DSP 121) will then pro—
ceed to automatically determine the system environment and

configure the local system to work within that environment.
By way ofexamplc. the DSP121 ofthe disk storage controller
129 would sense that the data storage controller 120 is on a

PCI computer bus (expansion bus) and has attached to it a
hard disk on an IDE interface. The DSP 121 would then load

the appropriate PCI and lDE interfaces into the program-
mable logic device122 prior to completion of the host system
reset. Once the programmable logic device 122 is configured
for its envirotuncnt. the boot device controller is reset and

ready to accept commands over the compttten‘expansion bus
116.

it is to be understood that the data storage controller 120

may be utilized as a controller for transmitting data (cont-
pressed or uncompressed) to and from remote locations over
the DSP NO ports 127 or system bus 116. for example.
indeed. the 110 ports 12‘? ofthe DSP 121 may be used tor
transmitting data (compressed or uncompressed) that is either
retrieved from the disk or received from the host system via
the bus 11 6. to remote locations forprocessing andz‘or storage.
indeed. the 1/0 ports may he operatively connected to other
data storage controllers or to a network communication chan-
nels. Likewise. the data storage controller 120 may receive
data (compressed or uncompressed) over the 110 ports 12'! of
the DSP 121 from remote systems that are connected to the
I/O ports 127 of the DSP, for local processing by the data
storage controller 120. For instance, a remote system may
remotely access the data storage controller 120 (via the HO
ports of the DSP or system bus 116) to utilize the data com-
pression. in which case the data storage controller 126 would
transmit the compressed data back to the systctn that
requested compression.

In accordance with the present invention. the system (e.g.,
data storage controller 120) preferably boots-up in a mode
using asymmetrical data compression. It is to he understood
that the boot process would not be affected whether the sys-
tetn boots up defaulting to an asymmetrical ntode or to a
symmetrical mode. This is because during the boot process of
the computer, it is reading the operating system from the disk,
not writing. However. once data is written to the disk using a
compression algorithm. it must retrieve and read the data
using the corresponding decompression algoritlu'n.

As the user creates. deletes and edits files, the disk control-

ler 120 will preferably utilize an asymmetrical compression
routine that provides slow compression and fast decompres-
sion. Since using the asymmetrical compression algorithm
will provide slower compression titan a symmetrical algo-
rithm. the file system of the computer will track whether the
disk controller 120 has disk accesses pending. if the disk
controller 120 does have disk accesses pending and the sys—

tem is starting to slow down, the file management system will
command the disk controller 120 to use a faster symmetrical

compression algorithm. 11‘ there are no disk access requests
pending, the file management system will leave the disk con-
troller in the mode of using the asymmetrical compression
algorithm.

11' the disk controller 120 was switched to using a sym-

metrical algorithm, the filc management system will prefer-
ably signal the controller to switch back to a default asym-
metrical algorithm when, e.g.. the rate of the disk access
requests slow to the point where there are no pending diskaccesses.



118

Case 6:17-cv-00567 Document 1-3 Filed 10/10/17 Page 43 of 46 PagelD #: 118

US 8,934,535 B2

17

At some point a user may decide to install software or load
files onto the hard disk. Before installing the software. for

example. as described above. the user could indicate to tlte
disk controller 1 20 (via a sofiware til i] ity) to enter and remain
itt an asymmetric ntode using an asymmetric compression
algorithm with a slow compression routine and a very last
decompression routine. The disk controller would cotttinue to
use the asymmetrical algorithm tutti] conunandcd otherwise.
regardless of the nttmber ofpending disk accesses. Then. after
completing the software installation. the user would then
release the disk controller fi'om this "asymmetrical only"
mode of operation (via the software utility).

Again. when the user is not commanding the disk control-
ler 120 to remain in a certain mode, the tile management

system will determine whether tlte disk controller should use
the asymmetrical compression algorithms or the symmetrical
compression algorithms based on the amount of backiogged
disk activity. Iftlte backlogged disk activity exceeds a thresh-
old. then the file management system will preferably com»
mand the disk controller to use a faster compression algo-
rithm. even though compression pcrfonnancc may suffer.
Otherwise. the file management system will command the
disk controller to use the asynunetrical algorithm that will
yield greater compression perl‘on'nunce.

11 is to be appreciated tltat the data compression methods
described herein by be integrated or otherwise implemented
with the content independent data compression methods
described in the above-incorpontted. US. Pat. Nos. 6,195,
024 and 6.309.424.

FIG. 4A is a diagram ofa file system format ol'a virtual
andlor physical disk according to an embodiment of the
present invention.

in yet another embodiment of the present invention, a
virtual file management system is utilized to store. retrieve. or
transmit compressed andlor accelerated data. in one embodi-
ment of the present invention. a physical 0r virtual disk is
utilized employing a representative file system format as
illustrated in FIG. 4A. As sltown in FIG. 4A. a virtual file

system format comprises one or more data items. For
instance. a “Superhiock” denotes a grouping ofconfiguration
information necessary for the operation of tlte disk manage-
ment system. The Superblock typically resides in the first
sector of the disk. Additional copies of the Superblock are

preferably maintained on the disk for backup purposas. The
nttmber of copies will depend on the size of the disk. One
sector is preferably allocated for each copy ofthe Superblock
on the disk, which allows storage to add additional param-
eters for various applications. 'l'he Sttpcrblock preferably
comprises ini‘omtation such as (i) compress size; (ii) virtual
block table address; (iii) virtual block table size; (iv) ullocn—
tiott size; (v) number of frec sectors (approximate); (vi) 1D
(“Magic“) number; and [vii) cltecksum.

The “compress size“ refers to the maximum uncompressed
size ofdata that is grouped togedter for compression (referred
to as a "data chunk“). For example. if the compress size is set
to 16 k and a 40 k data block is sent to the disk control [or for
storage, it Would be divided into two 16 k chunks and one 8 k
chunk. Each chunk would be compressed separately and pos-
sess its own header. As noted above, for many compression

algoritluus, increasing the compression size will increase the
cotnprmsion ratio obtained. However. even when a single
byte is needed from a compressed data chunk. the entire
chunk must be decompressed, which is a tradeoifwith respect
to using a very large compression size.

The “virtual block table address“ denotes the physical
address of the virtual block table. The “virtual block table
size” denotes the size of the virtual block table.
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The “allocation size” refers to the minimum number of

contiguous sectors on the disk to reserve for each new data
entry. For example. assuming that 4 sectors are allowed for
each allocation and that acomprcsscd data entry requires only
1 sector. then the remaining 3 sectors would be left unused.
Then. if that piece ol'duta were to be appended, there would
be room to increase the data while remaining. contiguous on

the disk. indeed. by maintaining the data contiguously. the
speed at which the disk can read and write the data will
increase. Although the controller preferably attempts to keep
these unused sectors available for eitpansion ofthe data. ifthe
disk were to fill up. the controller could use such sectors to
store new data entries. 111 this way. a system can be configured
to achieve greater speed, while not sacrificing disk space.
Setting the allocation size to l sector would ell'cctively dis-
able this feature.

The “number Offree sectors” denotes the number ofphysi-

cal free sectors remaining on the disk. The ID (Magic) num-
ber“ identifies this data as a Superblock. The “checksmu”

comprises a number that changes based on the data in the
Snperblock and is used for error checking. Preferably. this
number is chosen so that all of the words in the Superblock

(including the checksutn) added up are equal to item.
l-' 18'. 4B is a diagram ofu data stntcturc ol‘a sector map

entry of a virtual block table according to an embodiment of
the present invention.

The “virmal block table” (VET) comprises a number of

“sector map" entries, one for each grouping of compressed
data (or chunks). The VET may reside anywhere on the disk.
The size of the \-"BT will depend on how much data is on the
disk. Each sector map entry comprises 8 bytes. Although
there is preterably only one V'BT on the disk. each chunk of
compressed data will have a copy of its sector map entry in its
header. lftlte VBT were to become corrupted. scanning the
disk for all sector maps could create a new one.

The term “type" refers to the sector map type. For example,
a value of "(it)“ corresponds to this sector map definition.
Other values are preferably reserved for future redefinitions
of the sector map.

A “C Type“ denotes a compression type. A value of ‘1‘r00“
will correspond to no compression. Other values are defined
as required depending on the application. This function sup
ports the use of multiple compression algorithms along with
the use of various forms of asymmetric data compression.

The “C Info” comprises the compression information
needed for the given compression type. These values are
defined depending on the application. In addition. the data
may be tagged based on its use—for example operating sys-
tem “"200 Program “01“. or data “10“. Frequency ofuse or
access codes may also be included. The size ofthis lield may
be greatly expanded to encode statistics supporting these
items including. liar example, cumulative number of times
accessed. ntttnber of times accessed within a given time

period or CPU clock cycles. and other related data.
The “sector count“ comprises the number ofphysical sec-

tors on the disk that are used for this chunk of compressed
data. The “LB ” refers to the logical block address, or physi-
cal disk address. for this chunk of compressed data.

Referring back to l: 16. 4A. each “Data" block represent
each data chunk comprising a header and compressed data.
Thedata chunk may up anywhere from 1 to 256 sectors on the
disk. Each compressed chunk of data is preferably preceded
on the disk by a data block header that preferably comprises
the following information: (i) sector map: (ii) VB]; (iii) 10
(“Magic“) Number: and (iv) checksum.

Tile "sector map” comprises a copy of the sector mop entry
in theVBT for this data chunk. The “V131“ is the Vli'l‘llal Block

118
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Index, which is the index into the VBT that corresponds to this
data chunk. The “ID (“Magie) Number“ identifies this data as
a data block header. The “checksum“ number will change
based on the data itt the header and is used for error checking,
This number is preferably chosen such tltat the addition ofall
the words in the header (including the cheehsunt) will equal
zero.

11 should be noted that the present invention is not limited
to checksums bttt may employ any manner of error detection
and correction techniques, utilizing greatly expanded fields
error detection andi’or correction.

It should be further noted that additional fields may be

employed to support encryption, specifically an identifier for
encrypted or unetterypted data along with any parameters
necessary for routing or pmcessing the data to an appropriate
decryption module or user.

The virtual size of the disk will depend on the physical size
of the disk, tlte compress size selected, and the expected
compression ratio. For example. assume there is a 75 GB disk
with a selected compress size expecting a 3:1 compression -
ratio, the virtual disk size would be 225 GB. This will be the
maximum amount ofuncompressed data that the file system
will be able to store on the disk.

If the number chosen is too small, then the entire disk will
not be utilized. Consider the above example where a system -

comprises a 75 GB disk and a 225 GB virtual size. Assmue
that in actuality during operation the average compression
ratio obtained is 5: 1. Whereas this could theoretically allow
375 GB to be stored on the 'r'S GB disk. in practice. only 225
GB would be able to be stored on the disk before a "disk full"
message is received. Indeed- with a 5:] compression ratio. the
225 GB ot'data would only take up 45 GB on the disk leaving
30 GB unused. Since the operating system would think the
disk is full. it would not attempt to write any more information
to the disk.

On the other hand. if the number chosen is too large, then
the disk will fill up when the operating system would still
indicate that there was space available on the disk. Again
consider the above example where a system comprises a 75
GB disk nude 225 GB virtual sire. Assume furtherthet during

operation, the average compression ratio actually obtained is
only 2:1. In this case. the physical disk would be Full alter
writing 150 GB to it. but the operating system would still
think there is 75 GB remaining. [f the Operating system tried
to write more information to the disk. an error would occur.

'lhus. in another embodiment of the present invention, the
virtual size of the disk is dynamically altered based upon the
achieved compression ratio. In one cntbodimcnt. a running
average may be utilized to reallocate the virtual disk size.
Ailentutively, certain portions of the ratios may already be .‘
known—such us a preinstalled operating system and pro-
grams. Thus. this ratio is utilized for that portion of the disk.
and predictive techniques are utilized for the balance of the
disk or disks.

Yet in another embodiment. users are prompted for setup
information and the computer selects the appropriate virtual
diskts) aim or selects the best method ofest intation based on,
e.g.. a high level menu of what is the purpose of this com-
puter. ltnmc, home oilice. business, server. Another subntcnu
may ask for the expected date mix. word. excel, video. music.
etc. Then, based upon expected usage and associated com-
pression ratios [or the use of already compressed data in the
event of certain forms of music and video) the results are
utilized to set the virtual disk size.

It should be noted that the present invention is independent
of the number or types ofphysical or virtual disks. and indeed
may be utilized with any type of storage.
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It is to be understood that the systems and methods
described herein may be impletnented in various forms of
hardware. soliware, firmware, special purpose processors, or
a combination thereof. In particular, the present invention
may be implemented as an application comprising program
instructions that are tangibly embodied on a program storage
device [c.g.. magnetic floppy disk. RAM. ROM, CD ROM,
etc.} and executable by any device or machine comprising
suitable architecture. It is to be further understood that,
because some ofthe constituent system components and pro—

cess steps depicted in the accompanying Figures are prefer-
ably implcmentod in software, the actual connections
between such components and steps may differ depending
upon the manner in which the present invention is pro-
granuoed. Given the teachings herein, one ol'ordinury skill in
the related art will be able to contemplate these and similar

impletttentatious or configurations of tlte present invention.
Although illustrative embodiments have been described

herein with reference to the accompanying drawings. it is to
be understood that the present system and method is not
limited to those precise embodiments. and that various other
changes and modifications may be affected therein by one
skilled in the art without departing from the scope or spirit of
the invention. AU such changes and modifications are
intended to be included within the scope of the invention as
defined by the appended claims.

What is claimed is:

1. A method, comprising
dctcrmini ng a parameter or attribute ofat least a portion of

a data block having audio or video data;
selecting an access profile from among a plural ity ol‘access

profiles based upon the determined parameter or
attribute; and

compressing the at least the portion of the data block with
one or more compressors using asymmetric data cont-
pression and information from the selected access pro-
file to create one or more compressed data blocks. the
information being indicative of the one or more com-
pressors to apply to the at least the portion of the data
block.

2. The method of claim 1, wherein the data block is from

among a plurality of data blocks, and wherein the compress-
ing comprises:

compressing the plurality ofdata blocks to create the one or
more compressed data blocks.

3. The method of claim 2, wherein the plurality of data
blocks comprises:

one or more files.
4. The method of claim 1, wherein the one or more cont-

pressed data blocks comprise:
one or more files.
5. The method of claim 1, further comprising:

storing at least a portion of the one or more compressed
data blocks in one or more files.

6. The method of claim 1, further comprising:

storing at least a portion of the one or more compressed
data blocks.

7. The metltod of claim 6, further comprising:

retrieving at least a portion of the at least stored portion of
the one or more compressed data blocks;

transmitting the at least retrieved portion of the at least
stored portion of the one or more compressed data
blocks over the Internet; and

decompressing the at least transmitted portion of the at
least stored portion of the one ntore compressed data
blocks.
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8. The method of claim 1, further comprising:

selecting the one or more compressors to compress the at
least the portion of the data block to create at least a
second compressed data block based upon a number of
reads ol'ttt least a portion ot‘a iirst compressed data block
that was created from the at least the portion 0 l‘ the data
block.

9. The method of claim 1. wherein the determining of the

parameter or attribute of the at toast the portion of the data
block excludes determining based only upon reading a
descriptor of the at least the portion of the data block.

10. The method of claim 1, wherein the at least the portion
ofthe data block is from among a plurality ofdata blocks; and
wherein the compressing comprises:

compressing at lea st a port ion ofthe plurality ofdata blocks
with the one or more compressors using the asynnnelric

data compression and the information to create the one
or more compressed data blocks.

11. The method of claim 10, wherein the plurality of data
blocks or the one or more compressed data blocks comprise:

at least a portion of a file.
12. The method ol'claim 1. wherein the compressing corn-

prises:
compressing thc at least the portion of the data block with

the selected one or more asymmetric compressors to
create one or more portions of the one or more com-

pressed data blocks. the at least the portion of the data
block having been compressed with the selected one or
more asymmetric compressors to create the one or more
portions ofthe one or more compressed data blocks. and
further comprising:

storing at least the one or more portions of the one or more
compressed data blocks.

13. The method of claim 12, further comprising:

retrieving at least a portion ol'lhe at least stored one ormore
portions of the one or more compressed data blocks:

transmitting the at least retrieved portion of the at least
stored one or more portions of the one or more com-

pressed data blocks over the Internet; and
decompressing the at least transmitted portion of the at

least stored one or more portions of the one or more

compressed data blocks in real—time.
14. A method, comprising:
determining a parameter or attribute of at least a portion of

a data block;

selecting an access profile from among a plurality ofaccess
proliles based upon the determined parameter or
attribute; and

compressing the at least the portion ol‘the data block with
one or more compressors utilizing information from the
selected access profile to create one or more compressed
data blocks, the information being indicative of the one
or more compressors to apply to the at least the portion
of the data block,

wherein the one or more compressors utilize at least one
slow compress encoder and at least one fast decompress
decoder, and

wherein compressing the at least the portion of the data
block with the at least one slow compress encoder takes
more time titan decompression the at least the portion of
the data block with the at least one fast decompress
decoder if the time were measured with the at least one

slow compress encoder and the at least one fast decom-
press decoder running individually on a conunon host
system.
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15. A method, comprising:
determining a parameter of at least a portion of a data

block;

selecting one or more asymmetric compressors from
among a pluntlit}r ol' compressors based upon the deter-
mined parameter or attribute:

compressing the at least the portion of the data block with
the selected one or more asymmetric compressors to

provide one or more compressed data blocks: and
storing at least a portion either one or more compressed

data blocks.

16. The method of claim 15, wherein the compressing

comprises:
compressing the at least the portion ofthc data block with

the selected one or more asymmetric compressors to
create one or more portions of the one or more com-

pressed data lalocks, the at least the portion of the data
block having been compressed with the one or more
selected asymmetric compressors to create the one or
more portions of the one or more compressed data
blocks, and wherein the storing comprises:

storing at least the one or more portions ol‘the one or more
compressed data blocks.

17. The method of claim 16, further comprising:

retrieving and transmitting at least a portion of the at least
stored one or more portions of the one or more corn-

pressed data blocks based upon a user command.
18. The method ofclaim 17, wherein the retrieving is based

upon a utilized capacity of one or more central processing
units (C‘I’Us).

19. The method ofclaim 16, further comprising:

retrieving and transmitting at least a portion of the at least
stored one or more portions of the one or more com-
pressed data blocks based upon a user value.

20. The method of claim 16, further comprising:

retrieving and transmitting at least a portion of the at least
stored one or more portions of the one or more com—

pressed data blocks based upon a utilized capacity of a
portion of a memory device.

21. The method ofclaim 16, litrtlter comprising:

retrieving and transmitting at least a portion of the at least
stored one or more portions of the one or more com—

pressed data blocks based upon a throughput of a corn-
munication channel used for transmission of the at least

retrieved portion of the at least stored one or more por-
tions of the one or more compressed data blocks.

22. The method ofclaim 16, wherein the at least stored one

or more portions of the one or more compressed data blocks
comprises:

audio or video information.
23. The method of claim 16, further comprising:

retrieving and transmitting at least a portion of the at least
one or more stored portions of the one or more coin-

pressed data blocks in real-time; and
dccomprcssing a portion of the at least transmitted portion

of the at least one or more stored portions of the one or

more compressed data blocks after transmission in real-
time.

24. The method of claim 15. wherein the selecting cont-
prises:

selecting the one or more asymmetric compressors based
upon the detennined parameter or atLribttte and a num-
ber of reads of the at least the portion of the data block.

25. The method ofclaim 15. further comprising:
decompressing at least a portion of the one or more com-

pressed data blocks to provide one or more decom-
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pressed data blocks based upon a first number ol'reztds of
the least the portion of one or more compressed data
blocks; and

reeompressing at least a portion of the one or more decom-
pressed data blocks with the one or more asymmetric 5
compressors.

26. The method of claim 25, wherein the selection of the
one or more asymmetric compressors for recompressing the
at least the portion of the one or more decompressed data
blocks was based upon a second number of reads ol‘ the at 10
least the portion of the one or more compressed data blocks.

27. A method. comprising:

selecting one or more compressors based upon a number of
reads of at least a portion ofa compressed data block
having audio or video data to identify one or more 15
selected compressors; and

compressing at least a portion of a second data block with
the one or more selected compressors using.= asynunetric
data compression to provide a compressed data block.

28. The method of claim 27, wherein the number of reads 20

ofthe at least the portion ofthe compressed data block occurs
within a given period of time.

29. The method of claim 27, further comprising:

retrieving and transmitting the at least the ponion of the
compressed block based upon a user conuuond. 25

30. The method of claim 16. further comprising:

retrieving at least a pen ion ofthe at least stored one or more
portions of the one or more compressed data blocks
based upon a utilized capacity of one or more central
processing units (CPUS). 30

* * * * *
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