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WD 2005/ 066760 PCT/ US2004/ 043040 METHOD, SYSTEM AND
PROGRAM FOR GENERATI NG PARI TY DATA BACKGROUND Field 5
WO 0@8ds76bodi nents relate to a net hod, systenRCHESR004/043040

program for generating parity data for a system of

organi zati on, such as a RAID system Description of

t MEREOB! SUSTAM, ANOEFROGRAMAIGR GENRRAJING MRl YHAHA

proposed for organi zing data stored in data storage

devi ces such as disk %égiﬁéﬂgﬁﬁéeS”Ch dat a storage

organi zation is refer dundant Array 10 of
kailndependent (or Inexpensive) D sks or (RAID) In a

ani zati on, di
10001 Lo PRe B e, S g U PR O Ty da o
a syst@ bf @pMRAG6h, sikh abaRAIDEpeee are different types of
.RAI D da alstorage organi zati ons and these different
Descri i referred to as RAIDlevels 0, 1, 2
[0002] : VaI{l(Ql@ Qﬁl}muhf&s Ba3AlcEh inepcfsk:d for depanizing damisoeddiindgta ftorage

TR R T A
of Indé'ﬁéhdehﬂbﬁln@)kp‘éffeﬁve@ Didkepr RuaDpe i @Rmoganﬂzhmmy‘e\ro or nfoinedisk

i s gener
drives a@tealpm@pgglaﬂlgat@dtg ﬁg&g?%/ @E]g 8¥eewr}ce o{:lgeréforn%}%\éeqrr }éetgxl There are
differc@f §pdRioZ RAID Batftod gt argafizdRibhdurldahst diffecanggpészad oftn refbrred to as
RAID ata is_simlar to RAID level O but one disk is
?@?9&19y reserved to store error correction data,
[0003Pf t € aRATENERTD dda afpanip@ioht fy&r &ainale, the Gtk of 1Dasrer ﬁyb idatrgped”,
use@ to rec nstruct t user data

that s OokR BT 1 QBT ST WD BBl P ayRic s Py s ABever
there i9 Ql@f&ll? b te@ihdaitdpirbWidddiatbiretsepr a\datd ebol donesddiie dsitves fpid in a

ata acr.oss. the r of disk. driv and_no
RAID E%YFW Qugnizatiop ofjdata, I‘AVEAﬁé leyel 3 o&‘ga(n&%g rbofe cfagtrlf ﬂﬁﬂ?rhtg RAID level 0
but on@ afsk ts\yplelIR resérnéd toathre O@@CkSectibn pats,ioftyn refiated td ﬁ)sf“phﬂﬂg data.”
S O

LR R X T TR
level @ikd REABAGS, pa[rﬁp&&h islplovaded feAJabh Sripe gaiatazaatosme ardyarfelisk
drlves;_igd gggatg@clél?af E]é grll\/?ed? dfﬁv.lcagq%gﬂ stapﬁlg/tglggahrgz fgiata pﬁlstead %%cl?s of parity
data f@&ﬁ@ﬁgﬁﬂ&ﬂkermaa\atdjasmbﬁw thrdughai all Ehecliske of thé kgt & further

one drive fail. Sone storage applications can
IMPrOFREEPTRAEG- om mor e robust data protection should nore

[0004] hanmeneRAID-S Srdadizhtion/\ddicis OlfbailodR/Hf Baﬁitsz detrés: ehcmﬂa‘lﬂ@eé data
ocks

devel op [ ch eraII have
acros 58 15y O AU oE PP ST REALE LSSk R b g B o i should
one diiveGhill C&ﬁle&tordge applicaticis calplaelhbﬁtyfrdmh mote rahdt datd ﬁbagm:dmashﬁuld

more 3 o1 g B AL B s Fi e itssb bl v ity bave

two blb&is of PEBE A4 fob tdth Is@tipe dAlAa.0 Dgalancz;ai padifiadcheme includes a

ST U ENEL WG N

or RAPU6iLhye beghlisad W‘tﬁé’lswﬁt@atnldﬁ@rydbxdhékabasmﬁiaﬂiaﬁ drgpézatioch
as stripe nin a RAID systemw th new data. As shown
arrangeyerty.q - 1, an Excl usi ve- OR | ogi cal function may be

[ooosper f gr@adiefRateiRgitarepdatians3thictindaj Beperformed to generate new parity

data when updating old data on a stripe such as stripe n in a RAID system with new data. As

shown in FIG. 1, an Exclusive-OR. logical function may be performed on the new data 30 and the
old data 32 of stripe n. The result of the Exclusive-OR function be Exclusive-OR'ed with the old
parity data 34 of stripe n to generate the new parity data 36 for stripe n. The new parity data 36
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35 old data 32 of stripe n. The result of the
Excl usi ve- OR function be Exclusive-OR ed with the old
Weans0e676at a 34 of stripe n to generate the neRCTESA004/043040
data 36 for stripe n. The new parity data 36 WD
2005/ 066760 PCT/ US2004/ 043040 may be used to overwrite
may bd U3€d BloderRadid thy old phfity ddta OMor the app@yARIR AlDestdAdeDIng tand tigsew

unit. and the new _d 30. may be used overwijte the
dat ey b4 S5V HES PO PR DS SROAD E O Dt
[0006] 00@%d:. FhGws an ShanipE oflb peotartidgic aiging 5p bt DRAHD ttotaggprocessor

engi ne 50 of a D st orage ,proces for generat.i
for gengrafjug,? BRYY paryy %@%@H‘W&i’ Pﬁ& CHERREIR sopEe PG e osdhce
with th%udgﬁ@%ﬁctiéﬁé &%‘IGFI.M%@@@@E&% 50 Whstastdréigueio 62 which bat fiediois an
Fl 1. The | oqi

of . C engi 50 has a_store gue 52
Eiclusy Ehlogish) TRAOD PR FomBN e Ras e e PR By By 54
and thd dv@ KeatpRat@eddt it Rpusds dipeesentaits dn2maw 56 [The Seelt868D3bytegrated

. _an arrow 54 and the data bein resente t _J.t.s, .i.nput
iruis 3 i WORH i g I 0 PP ASr s A
[0007] Nt &Gk Bh&8kions bf 1Belidgicehiife $0ast FIG S ilrighmtating géw paitg dateis

referred tq as an | i i on Accel erator Uni .
rpres QY 1 GRS BRLISE SPHES 1G AR By e Sty el begead
(blocki6D) f8h 8 Rbl idind?R84 (FAG] 2) ¥indladrad insheldore gpsue SBNSiack theistore

FIG 3. ,Up(in resetti nga( Ioclﬁj(e6(2% t.hg]fs%ore Ugpe 52,
queue ph 2R BIFVIQRE R o8T: AP WAEY BeSIO6E 65 FT G a’1 Stal
perforfiREah Ex&dsiteFORBfundliortwich 5 swedhtd 30 felbfr@h diedocglideror§ B4 and the

Since the store ueue .52 S previously reset,. th
resot coREHURRAIEF SHUC AUPE Q- APerEap i R PERBTL HatieeTs Sepsgd upon the
capaciggﬂ' fHRIstHrd\ghead s TxTHublSE, ¥ eXdripla) e tchmpitybitthe dtdre quee/S2 &t 1K

read fromthe |local nenpry 64 and the . res
bytes, P ARG PPR G BERRTALlt GRUGT AL IIB SI0Te e 215 15T Vb K gzt
new d@psy.ation will typically depend upon the 15 capacity

of the store queue. 52, Thus, .if, for e | e he
10008 pbhe o e P Hich it b tegioR gy Hlp e epd ook
64) frORHeabdaPReRiBReHahd Fxd@VeiORESbtK 66) withehatcor dtapigueyididly

is filled with IK bytes of new data 30. [0008] .Th .
stored g} e gfgeguatly fntndrtored as gn B&“Piélgﬁ}t%%?é‘ﬂt 18311%5 e ﬁ‘ée\‘x} ot E‘ affyird
read opEiMiof] t8Oo1d arit Aeka BB lisaedd (b16¢K 68) from thdlecd] araloryn@inmd Exéidsive-

. .and Excl usi ve- OR ed (Dbl ﬁCk .66% Wi tQ.ttBe JDew daﬁg %9 It of
OR'ed ghlack; 190 ¥ith thejpferpediatedesuh Preioudy Fped glide Yo suctgpg: he resuto
this 128 ERE186veAOR dPerbiidnBliliBe thd hew pafy lita BOwhidk nay b6 stogd érikae Sdre

. In athird read g%?ratrinon, the old ariéfﬁ datlta 3d4. S
queue 52 50 sEhspiERt BB P S1RIeREMFrHEH P ?Vg%% i storage drives.
[0009fFX C | NistivitBstani g Eitlert ¥ 00ktinGO) neatl irtht e td impeyiverddipatf@mance of

result previously stored in the store queue 52. The
Pmcesﬁfé%,lli‘lqataéforaﬁeﬁg?nféétéot“"Excl usi ve-OR operation will be

the new parity data 36 which may be stored in the

store ueue 52 f%r bs%quent transfer to the | ocal
BRIEE P of the storage drives. 25
[0001 bﬁ009]Ref891iﬁg dolsth @edirNgags il which lilke 18fefmed unibest re@esdnti n

the art to inprove the performance of processors in
00“65605‘@%5‘%@9‘6?'3{?@3 jani zati on.. BRI EF DESCRI PTI ON OF THE

\E\DhRAV\L N?ﬁ}.[IQQQ%ﬁ]eS Refi@aftigB@raliowot RAINGarily gm;n gs in

ic | ke reference nunbers represent. . _
corresp Bcﬁd’% lhkjStrﬁﬁF ?B“?rﬁftg%é%%l“? G| sgzergfiop IO?B‘QPP Ryriky dafa;
prior ¢, ViEBLARE b a@tfopdRiiidas patehdrite gaita datbhiGng e prior art
illustrat egF@:h?_ri or art logic engine for generation of

RIS PEIF L a;

FIG.4 illustrates one embodiment of a computing environment in which aspects

are implemented;
2
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FIG 3 illustrates prior art operations to generate
parity data using the prior art |ogic engine of FIG
WQ@2003866760G. 4 il | ustrates one enbodi nent of a CRUKIUSA0MG043040

envi ronnent in which aspects are inplenmented; 2 WO
2005/ 066760 PCT/ US2004/ 043040 FIG 5 illustrates one
embodi PeGLS i0fistidtes b ABOiIRIME S SOFagk Prod&sSsHinlaacidanst tith
aspects for ene%%% of RAID parity data; FIG 6

i PRSP foF gt t&ﬂ?ﬂ%ﬂaQMz a logic engine for the

St Or agFIQrAAeSHRE o embbllitaentofia moga&&@[n@ JYGRe $drigde processor of -
?ects for generation of RAID par|1% dat 5 FI Gs.
B

G g mippaoispeedyth AP SHEGETPHIHIO! BRI BRI itEns
per f or 1eGs. R, ‘T MRStAtSone BAbbdiderddF SperdtiohBperBned8Beenerate
|Ilustrate the contents of the store queues of the
| gty @ﬁglne of FIG 6 in one enbodi ment of

oper at iFpB$ 8 A OSFIBINGFa8d tBe &ntcRRBI0F th s@ded cﬁwue%r(bﬁthﬂc@c dgine of FIG.
illustrates an architecture thaf na éFéfed with the
IP_@E‘Y\

d&de PRefERpodimsnioBHRIASH IoRen gty & PTI ON OF THE
| LLUST RAG v ebhVEzkSc th 8 AkkE Ay beluded svith @llel doydribgl
description, reference is made to the acconpanyi ng
5&?%6§msmh|ch forma part hereof and which
|Ilustrate several enbodinents. It is understood that
ot her 15 enbodinerts may be utilized and structura
DETAJLED DESCRIETION OF LHE DI ] FIG 4

[ooo1l1] | us tIﬁ akealoa«lmﬁ)tl&g réfé}é‘ﬂcé QARRlo ih8 a¥ohpihyagReSHSes
be i npl ement e nputer 102 incl ude

whichy et BGHHERA g RS TP CTRRerD A b GRIep GRSk iber

embocﬁﬁ’a@fﬂ@ dnay Be utBEPIM sHBuralR@d opeRdidhillcBargbHhANR 18, a
processor 109, an operatlng system 110, .and a

(00013} m%ﬁGaﬂwgw@?@s 4 §OMPUARS SYFPIBSR! itbWhigh BgFesyay Ly implemented.
A confpiifel N®Y inE¥RE BASS nhdle WEHHAT Prodelinuifiks (GPIAI0A RING; o2 idhown), a

readi ng data fromand witing data to the storage, 108.
memoqshE)%WpWé@e siqzee s acsmase wgfagesa9ffy109ca&1>@ar¢a¥ﬂf£gsya@9 il¢Q and a
netwoldRMfted N2t N a%f)ﬁoau&UlS‘rBixﬂrﬁ 134 FR4KBY dx88Hss 1S BEMEK 106 and is capable

ersonal conputer tation | apt o handhel d
of rea@%%% &pm a’?‘b‘f"’éﬁb‘r&ﬂﬁ‘fﬂ i dyistoEnee A wBRSupsier W3aesy comprise any

compiing 'dbkal:d 1&8¥h BIhelRY, 6@ as 8 hlndefe, RIVOE BErS&Hal cosiip@ied R rkstation,
controller, etc. Any CPU 104 and operating s%st em 110

laptopy hrg¢iheld FomeisT, é?lﬁphﬁ@yde"kféa nywk anpligseatuakmiion 4Eva°S; FHorage

procedm{)ﬁégél&ﬁtr&&y ke AMPOREU04 4Hd? aﬁmgasggermso RBHWASM the @ft may
nory 25 managenment o ratlons [.00013] A device

be usedy Fyegranspd da o 10 R PSsWDIBCdR Storrer LRftAs part of mgmory
nmn%gﬁ@ggﬁ@@ﬁmmspe0|flc commands to communicate with the
age processor 109 and interface between the

I°001§b er atA fryics ey P PCuedn PRSP aBenpleeavsge Progsor
spemeQBmﬁ?éﬁdERJ) BormrhftBcald WilEE stdA e Prodesdon @d)%ﬁlﬁ iBerfdel Bét@bdntile

of disk drives 150a, 150b . 150n in_which the data
operating sygier L 5] angl the stress pircwe%wé 09 KgF @a@tvlesfé}e $iprasgj0may include a
pluralf# bﬁfc@sﬁc d82,504,380 .. 1504 DRRVHidh tHe &AM @nﬁﬁag@@tozeatm &4 or more of

t Thi s stora e processor 109
the dlSky rives 150a, 150D .. S%n IIFl) a RAID organization type This storage processor 109 may

be part of the computer 102 or connected to the computer 102 by a network 152 via the network

adapter 112 as shown for a storage processor 154 and a storage 156 having another set of disk
drives 150a, 150b ... 150n , for example. For such a network connected storage processor 154, the
device driver 120 may include network adapter specific commands to communicate with the
network adapter 112 to transfer data to the storage processor 154 for writing on the network

storage 156.
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be part of the conputer 102 or connected to the
conputer 102 by a network 152 via the network adapter
waamsaes7shown for a storage processor 154 and BCEBUS004@&3040
156 havi ng anot her set of disk drives 150a, 150b ...
150n, for exanple. For such a network connected
[00013 Or BOe@rtpin dagsmaitatibbd thetstogage geicéss@ 109 parirmd eftafBfiinctions to

. .i.ncl ude wor k..adapt er spec,.fi 0 ds
sssist {8 COMTRYIE0B TOfer g FALe Som REV eI e iprogs 405 Jor example, the
storage (padesdser 108 adctudea pdiidy ddiznhagger (18O @BRISS Olinakbdithé @énewib b Qrity
on t net wor st orage 156. 05/ 066760
data g Mo OAFOAIGHT TOPET O TS P A PIEY DABRED GRLbe used
to updateahsSjadityadpen WiicaPsSiag thtQSer dats bo thedlisk drive3i1804 .UNISOH.0MEhe
StOrato assi@g ths congvg,ter 102 in rgadi ng data.from.or
ERPTEPRY 1HAFRY PV SREVEF SRy are Ph Bard g obsexppiiaions, dese to
perforat thesagad pthadarsons. 109 i ncl udes a parity data nanager
0 i ch e h ener ati on . of. parj a
tooot5y?; A8 efalE ARl St aranono & infiiblet nmih S Spprstoraee
procestsﬁel (Ea‘icﬂitﬁledd riapiyt rﬂvﬁﬁﬁ@ﬁ bf(‘j 12:30 amalmrt]shﬁ‘ dbis Betwaerd the bl ﬁdn@uter 102
the parjity..data when u i.ng the user data on the
and thg QBT o8, L Tbuage brocesBOMD ieflges Soriet 6 i GreBaatman s 162
of the iyt chrapeerd 02 b @corfdhryrbuarad cotiplédad divattaehiént controller 166 of the
C i pati ons t hese t erform,t e, and ot her, .
storagf 110 5% 28 BT S e Bt C SheoherdBE g Begbaf Sepiet
Advaped Tebsdogyl Athchmert (S ABAY @hiddlet for Edatipledto bElpayssdally &gRted from

the pr rocisig% 109 facilitates rapid novenent of |arge
PIAROIAEs °6f dat a bet ween the host conputer 102 10 and

[00011gll e dAtpﬁﬁ'ﬁg'eigilﬁ& trahkleximtualt a@prgm@aggghr t?rbﬁ%lphﬂlhltd{fiﬂﬁfrc&n the

. bri 160 between a.primary bus 162 o e ho

primaiy s 7% 2 P St ] “GAR BRUAT OB 218 B BYekT 4 dgoupled

the locg:l baddentlogio eigind 176 fiwhich Grovfdes Eﬂ:lus%(ﬂr&@lle?litﬂﬁls tolft@erate rIl)ari’cy
[ 60.perm,its the atiachment. contr er. 166, whi c

viooks o RBD> A8uPRAI" Saroi B-PE ERNBY 05 A BAEHMER  PBrogetout

data pathfifornthd @oceki 1 BXaidRd@] mémorh @7 \isd seednbyry bsol 6at @dthbr om

. t.h ri.mary . bys 16 0 6 rimary address
tlustrge ety e iests B, Tt Bl oy s o PP g bysses
may bpased af welln t he primary bus 162 to a processor 170 and

| ocal nor via a |local pu 74. Al.so coupl ed.
o001y fiRiocEREm22 wpdnar? Sl dad fiung HB s Ribodiment,
the loqglt mvmd@fs 7Eie0fblaﬁieyiRAMty§ahh Ehidrabndin ﬁsegﬂb @elilﬁdaﬂi Othatypey of

ocks for RALD rit . A ndar vy, addr ess 1
memof} i e Pr il Pre oy R BN rlieB b O perpi direct
memopatdnsrs (fﬂsgt theh@t cagmiso 021ié (ﬂ;]ea&!il ina?ﬁcl’sﬂy 172 by fgonl he 1dc8l memory

the, sec ar us 164. In the 20 i ustrate
172 toéﬂ%%ﬂ'ﬁwggrb?,“'%(%@ busses 162, 164 are PCl busses but
[00018} heks ﬁry\daslyoﬁermileﬁédpktﬁdeaimmmﬁ&s ufili teblos8 df Qﬁlit%’\ﬂz{tﬁ such
000171 .T ocC NEenory . s a_nepory.controller,

as a horgta i Hock A PRI oot SR Fnlt PR i
writterl ©d2hd ssripeobaalt héVEhorRé?t’altmﬁ@ darand yevgdiﬁ’gdnﬂ éﬂdﬁ@dlafafboﬁlabb e

t a. r .t S, 0 nenpry ,m e used as well. .
gencrepitia el ARG 1Bl coffingt et Aririon apretpadesibn
abovedi is believabthaminaesd dpeaisisaresutilizcimhids @edd @B ératies PigeRératt Gk

. to, th cal, .nenory 172 and fromthe | ocal .nenor 172

horizop 1 pfy dff it LR vt B e Bshaoeadel R LY e hiner
descriypdnnbowerfadhe sometidtdiDes phétpesaut i [ i ze two bl ocks of
[00018]El r Itn%cc%%lcfagcesv%ﬁlhone aspect of the illustrated embodiments, a logic engine such as
the logic engine 176 of the storage processor 109 can, in some applications, significantly facilitate

efficient generation of multiple blocks of parity data. For example, in one application, the number
4
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as a horizontal parity block and a diagonal parity
bl ock for each stripe of data. If newdata is witten
waQ 2005676t ri pe, both new horizontal parity datRCEHBS20MEW3040
di agonal parity data could be 30 generated as well. To
utilize the logic engine 50 and parity generation
of rea@ Bﬁd’rﬁioh@fé%eﬁ’&ﬁ@ bRl paddydUrks wheniupddridk ll&\lbd)rgahﬁéd &ltaXcan be
frea& fé{{)er tions are utilizZzed, three read operations to
signifigailyret%6t he  hori zontal parity data and three read

[00020per RIG. 6RBowsdn g@eﬁﬁtﬁufeﬂﬁ foge ddaﬂlgmmathep@gm éngitdaawhich iodRides
enerati gn of new

er descri bove for. the
apalrggﬂpwuﬁﬁf %POa{?é’gbfgr referredde B ER ATROTRIAP e dnEO PRE S of
respeaulga%zlh |”I|h|b| Stofefueut 1edah pﬁkgdgmrahﬁxclaswefgk%mgﬁmammﬁme%g%tems of
e (0] IC engl ne e Sslora ocessor

the stqrg queug f, ag 5% V@&?IF%§32 @5 i dﬁﬁa&’aﬁe P?PSW& 3t ig igpyg as
represgﬁttfad 15 a&mrrF ogener &ﬂlﬂ’dﬂypﬂhe auietqh'aiee dah peksEmeh mamsﬂzeyOR loglcal

at a. or e N O I on, e
Functig e GO ORFEDBEHS DIESOTBBES Pl HrEA MG 6 dpig bor

presei@€& ita fnputd héptd@brﬁedflﬁfahtaﬁmb 1208 K $n b Barldp glﬂh bggasﬁ%t & the
redauce

anj zed data ca signifjc 0020
st e A < OB £ SR JUheE R EUEh S cioc
memdrga mz; nﬁyl Bé fb&ctl\?e@ mtux@ﬁeiomédmﬂ&he Gorfidity of @hie 61t BYtiRof the store

also referred to h9£e|n as st

200
queueg &,e?uglﬂfut gﬁglpgal (ﬁﬁ)@@gergtlong @:ég(ﬁ]e]{ete p,lép in-greater fi@?lgbe?ow, such

an arrﬁLg@hh@nt|ca@ﬁ&11ﬁférﬂaﬁ?fmaﬁ%e1@£&ioﬁS| ve-OR | ogi cal function
the contents t he Skﬁ ueue 1 as represented
B8y °B

I°°°3&3 2l s Higsrasg zmipdimeHeh Phyy OF BOSMGHPHIDE FY° queucs.

OtherityHeslbf AGuits BRIt iRTuddg BEistak bV tRE 4ypeSbthbmdrl Ynd 1bgie
store queue 2 can perform an Excl usive-OR | ogica

circuifSnctj on on the contents of the store queue 2 as

[00022¢pr Bmmaedb ma @mbanmwe %Q@e;@ﬁ@letdﬂ epdations bed Iﬁtﬁty data manager
% ﬁsented its in res? éed by an row
130 which gen-igplydafaepigpessor ?Qea ngB‘F {hdo geFesafq ‘E‘é gy (@ Shen

updatRpa9d kidRA IS the 6tafage T0BAMH ﬂéinaﬁ mehd eﬁﬁﬁﬁlatﬂoﬁﬁon?al ehdf digpdhal

a_source such as the | oc
parity blgcke4re e@egﬂt%f?ﬂ e we@zg%wdeﬁe@ wﬂff A&V 5%1 g magpraflats%@at other
types 6f mﬁlﬁbl@ pity bloCksShaY 1R cekbtRS whil uBlivhd e wethddekint s@italres
%é% operations. As will be explained in greater
hereingleperibpd.pel ow, such an arrangement can facilitate

[0002@:}}}{) I gb/thﬂ @iaﬂn[ﬂkﬁ ﬂﬁlrnatv ideta 1o {e@@&&%&]?%lh dath hﬁoﬂelbwﬁ bf iRt on the
enpodl nent the | o |1 he IS shown.CcoO 1S n
disk dgy gy 150198 WS RISVIBYSHETorEY e 1l ERREE 118 birdiy B predier 102
This dafaq}auﬁms tHe@EHaBh&thsry AT éth iR Mottt PRsutef 100RKH s@ﬂcd
circuits. [00022] FlGs. 7a, 7b_and 8a

emboﬁllmeﬂféatbfeét@’['ér‘ifénsé‘?éﬂﬁ‘ﬁg e DM saugllerde- She amqpat ?ftnf/W&ste glored

in the ﬂ@:ﬁﬂﬁﬁﬁory lt?@tlrﬁﬂ"wmmeﬁéi\lﬂ up&itthéleipadiffr ﬂfeQ&ﬁﬁl&gfhor} X\j\mh an ¢his
ata en

|ne to generate dual t
embo%fﬁla%& Wﬁa iten 1 ”é"( W@&tar e Pﬁéﬂa@tb@fl&&@?afﬁ% £ Ah Rl 18 s ferred
from ﬂhFl stbhb& 1 03adRbrd n’{mg 1of351 'iiﬁe%{or)?m @i@%@@@dhg 31 H@falfdnfal/parlty data
OC era or eac Sstri to e u ate
to be WP]P ??@3},1 d’ég’jw“?‘{nt% garabm@.batg@zfr&t%aas sefelovdh bJ?% SOof
transféfbHdltﬂoﬂi tBe @t@fagé }08@;}1@ gﬂéﬁtd Bie tb@al%b‘ﬁﬁiﬁlﬂﬂ P&ﬁhéioethé old diagonal
uti il oas an Str ur es ere
Pa“tydlé?&? eﬁ&s 3Twldﬁig? Bar&‘i?ﬁ@p ode gFIP?éat‘?ﬁ’e‘%R/SS%f?rﬁ‘ Gelpw, is also

transfé@eralmethe E\l@ra@é thedal @toteﬂ npﬂnelobmcém&i 18 ripe non the
was previ ous st or

[Oﬂoqqlii gpg MG 1%&}201%%20} lpﬂéh ﬁarglq %Ijrﬁml étprelf%gue 2, the (cj:or;tellts oq‘ the

store queue 1 and the store queue 2 are both empty, as indicated in FIG. 8a, opposite block 220 of

FIG. 7a. The new data may be read (block 222) from the local memory 172 of the storage
5
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25 This data transfer to the local menory 172 fromthe
host conputer 102 may, in sone enbodi nents, be a DVA
wWaQ ews866E60 usi ng the DVA controller 182. The anRURUS2004/043040
new data stored in the local nenory at a tine wll
depend upon the capacity of the local nenory 172. In
procesgda 1169 an@rtoesdiinBoth theistoraqidin | anl thostoh quone d, datdicatedlieFigt. da,
n epl aced by the new data is transferred
OPPOSIfer%ﬁﬁﬁ‘?ﬁ% 1%11@ gbe 108 and stored in the |local menory
[00025]7 2 Sirok MHelstid yueud heaoprevibialyi izt newalmatn)aydbabtareﬁﬁh the store
aced t he hor i t [ dat a .t.0
auene { BrBF B 48 ERieNeE) LRI D AR S "o RS PR ocel

memo1fyr 10ﬂhﬁchﬁe cb@ cagentsldigheande giene &.dIn doniicdatior witdathe stering of the new
Furth

the o parity data .0 b .
cat oAt BB TR AP AGONGT SBEAPE - A AF g Perorming an
Exclus@rER ainebnaBIG &) witothe hesbigdoments bithabtee qudsuean df smp@ekiated that

fromthe s a nd stor al . nmennr
the sarjeiew Gagi @B ET stejgg Eplt}oggsz?rf: qﬁeéles( Eg 61&1&215%'@ 1n§%{eﬁd g}geggtr%é)x from the
local rEHARAE1 7R, artd sizk Of fe Geie Ufta Rad biiveation ﬁbmnhesloc‘zﬁ niehery 133 will

opicalipen 6P I CHRey e SHRBGIEL: Bl A 335 Qv B dpalty of

each of the stoRWuéelRk a, mwlbebm@ame (daﬂ opdeatda R)ill Eantinuet ngl a0k af the store
ry. 172, o S e OO /0 760
PR AT e —

drivessta'@hresoaueueoﬂ and the store queue 2, as i ndicated in

L RN

from thEMcdPBefmbBT19d. The @1&1 dats iy Be Ef.umm dR‘ctdy(bbek 22%) wiith glea)nw data
Excl usi ve- OR functi

previo AR B ouere BBy T ahir ehe e ol Al GG 1 o

mdlcafeh ﬁ1 UGO8 oppoRiteEbldck 226 o FIBIEA:t Irngonidctibn witieths Egelisig-QR
n the

dat v 1 ta .
fnci g Aot Sh S B e b g A PR AR e
OR'ed@eémr?sy?nme fnbna @hth prviomIGstoBY invhé ftork eeue Es@id swomitas At S
of, the Ssto

ue 2. lt.is.a I at ed t.ha h
it Y o1 L P26 B P 1Ot O PP 25 SFTIREAE s
appredizitd:d thzﬁ itiRGae Sldnﬁiaeaﬂ 'ﬁh’:ﬂ@(cﬁpﬁrémﬂ adrwiftrtbezonteets of bathbtore queues

172. The s he new d read operation
L 2“?1}26‘ﬁ1atswglelr??éié’|pe %OC\% rPTm%?% pi cal |y depend
[00027PON Th B%n‘a&&ﬂ(ﬁp&&itl@f tHe &1 okiadrtal Ghiety ésta s, red2l. (bI6LUZ2S, FIG. 7b)

for xanpl e, C t he st ueues
fom e o EITBR BB G e BloeF 2D SR TR
prev1dd§1§' ktbre@ aCthe ch)retcﬁlaleslt OT1e resylt@D thss 14st EQchhsﬂNef(DR bpfdatwn tfdr stoke

avene 4 e s i o s VST S B Rl Rl i
FIG. 90063381k bider 280 6ff Fdat 2. leb Qlélw hsrlztoﬁtah&nqahtaanambebgntteh €om the

new dat al so
store qugpe,] toﬂtgﬁ&%é meppry eas eﬂ agfgk)&%}?!f? éB t&é{il@ :H\)/resu ueat
transférb& 6 Kor2z36al prityblbdkenf Bigine Al af e stpragydrivas | 30ast @s@cbyi the storage

gtore queue 1, and stored as an internedi ate
Pmce?S%rslt? in the store queue 1 as indicated in FIG 8a,

[00023p p|OSI e fblirﬂﬁjé?c?cﬂ)@raﬁﬁn HeGld &ﬁagonhlrpafé@mmﬁmmbwck P32) frem the
Excl u un ta
tocal gt (A eV EDRE iy e e Hobfeply sored
in the l@ﬁre@aédel.? | Vi re€ulR of chig( lbdrﬁ @Q&ﬂus’i%@(})R\bpérhtlohlfﬁ stoesvqubae 2 will be the
revi ou St or n t sjore
new Py G RRrR ek o S LAonlronBLei EthiRse

block 2B4lbfFAGETD .| Thefrle®. diffanal p@fig dath Map bowkttéhXtonothe Biofe quéiee.2 to the
It is

6
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appreci ated that the sane old data can be

Excl usive-OR ed with the contents of both store queues
W@ 2002/06/760 i zi ng a single read operation from tINE/US004/043040

menory 172. [00027] In a third read operation, the old

hori zontal parity data is read (block 228, FIG 7b)

local thérd¥y t NBasl ifdGigdted By EROY 235 &FIGN6) f@%ﬁbdééfde\ﬁﬁtra@éfeﬁt@ therligpokal parity
t 25 previ ogﬁby stored

2 V\Aththelnter |at
block PﬁSf%H?@ Fiths storpgeetnives;| afheleerBE-‘OF SI9FasE RTOSeSF Y,
[0002BX C| sbMecidR \Qxlﬂf-‘ﬂfla_bvtlﬁﬁlg falie r&woﬁzonw gaty datwhnd th@ﬁbvxt fi€gonal

ew h rlzonta i e stored in_ t
parit dig fohe Epen af R RE TR R da%ﬁ%@? Phtentoa
block bf 1€ L@rlg&oamelflﬁe of&atiohfef FIew 78 %lrﬂ@rﬂfaépeaa% hﬁt?l nél@dhéizontal
to the | ocal

tten fromthe ueue
and iR ptade® pertBERTR T el sl f e it now
honzoatabﬁaeﬁyﬁfdtdlagbﬁaa%{@ dath Bave BeenR@ftic @ ha hssfddtéd Blodkk 6€tke Stfipe n
I pe n_of the st gr age drives 150a ... 150n by the

Ofthe§{sbflﬁbeé 15609 1o cdsr "109. [00028] In a fourth read
[00030pEr mtth@mustia&a eﬁibddlﬂlbﬁgtamhd mfambﬂs dtaba dhts, di@ada {dal L Harity

the | ocal cl usjve ed
have lv%v%e § ohdlatarfrqnm e Iogg s f&zéo q@?ﬁ(ﬁ‘? eq@fn@\} 7§5§
apprecsatt&f 186t in hiferidfi®e ShYdemEHCER cin b tiensFeR@t Uirectll; fiofi s‘ﬁorig@%ﬁch as
usi ve- OR operatjon for, stor ueue Z%L be the

the St‘ﬁ%&ﬁ/ 183 tpfolRgir epsing ugh rdhelogip paging lggsﬁs Spsshbgdn copendingr o
apphcﬁlﬁﬁitéﬁtlti?ed ﬂﬂETHchsngEMnAﬁb@RoﬁjkAm wmsumAaﬁNbil DERA

I t
ORGW%TéﬂNf P%}ﬁﬂ%f@ t%qaé%lgtl%év héprgsne?bapgﬁgﬂeg \f% 35 6§03

andatB%U&ﬁ@QﬁéQ"iamo | ocal menory 172 as indicat ed by
arrow2 (FIG 6) for subsequent transfer to the
Additi s 1) ock of stri pe n of the storage

[0003d] i veg hé— a€karibed. tecl;ﬁ@ﬁeskﬁr rhanBgifd Ml@g@t@geﬂ&@&ﬁﬁﬁaymgmplememed
asamﬁgpgzg] In conn ctl on with the vvr|t| ng of the

2Braratys P articte,ef aapufaciyg uiipestadoyd &F‘h%%?ﬁa‘lng a ?ﬁ‘?‘%‘neeﬂng
technl%ﬂefs@oﬁrﬁddcg Sofbtdid, BiemWaref haflingle, 6lrany 66mBidARn theRRP The. term
t he new dat a may be witten to a 5 4713%k of th

“articlg o} pfacturg” a3apqd hertieretpde sade SRISSisAmPlemgnte afﬂwawd%w (e.g.,

an int tédaﬂ@at Eifdp, PRd grimMg GRE AZeN A), Apflicatioa®pedtic Rakiated
has been generated for all the new data, and all

ClrcwbeAﬁlﬁb e WF BISATEPULS deafehly mW&rm,fmaa‘mgafiﬂﬁ $ipragp gedium (e.g., hard

disk dEROMPBY di@@dr,,ltipse @&as @pﬁtﬁy@orbg%qapmom Qﬁitléa@ disk€etc.), volatile and
ssoci ated, bl ocks of the stripe.n t he_di sk drlves

non-vQ SR MBI erIos (360 REPROTBI VI TTORE: FrMioPRATSSKAVE,

ﬁnnwﬂ@'gﬁé%rﬂﬁﬁﬁble 108R, &t RACQIR R BE LoMifuted feaB Ml Hedian istcebsstataad
an d parit 10 . have included transfers of data

excouiesl B PRSP e sASft YitRreioed HRbodisgsms segplricnipgmay further

be acckiblARPLECA RiMRehiskdA el oPfrdiR b NRldeMer ARPOLUWER! $n sudiRtades, the
n be transferred directly from storage such as the

ca
articleof graniyactyrg g vyl the gededs igiplsmeated HRK CAEPTiSR & tppsgligsion mfidifesuch
asa nM@rk t@fsn Q5N 1inB Oflird| ks ERRARELA ﬂledu'i1 Rsl@nhl@ @%@ghtlﬁélthwuhﬁ Ebace,
H(%I) SYST EM,_ AND PRO w
radio yyeniiRReA ¥0als s Piedhe gricleet 5@%‘?%?5& By ‘mam,s? e gpsfiium in
whlchal&rﬂotl&fétehﬁﬁdﬁicf? |7 %&ﬁh b edrtidd® of ﬁﬂ&&cturel’k}n@rbd tideQl Ney
. tlona I ment t S
combl[l%s@eg farqaae LR goeoR wggq’rtg? anhen gleﬁymceiﬁed’ and
executd@t a0f PERE rtmse SKilleaBY tHeQrt wilPteESmRMe @tht maSy @oaﬁ&dﬁeﬂb may be made
. rat.us article o uf act ure usi ng standar
to th1sr58€ta taﬁal}eoqmcg?@f{ %&?Wg may comprise aily 1nformat1on earing

medium known in the art.
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techni ques to produce software, firmmare, hardware, or
any conbination thereof The term 20 "article of

worzmaPeacsur e" as used herein refers to code orPQTGS2004/043040
i npl enented in hardware logic (e.g., an integrated
circuit chip, Progranmmable Gate Array (P&,

[00032P| iL@tthiaimSPR&itftioss, mtswgabﬁﬁess@ 108 bucuudesﬂfﬂaﬁ)y da@trBanhger

130 wgtcg A rrp L I%g#%gg 2 ;l)ae n(%t_p &jualpg Qata],q?t@@g anc§J r']dge% ﬁya operations.
The sﬁtaﬁk §roces§&ﬂ@9 nf3y Bavk soiB#Hré Gidhwale OF RG@wirEbr aldhati@islof hdde to

vol atile and . non-vol atil e ne
perfo \ilpseélg eéergfunctlggp amm on ?m h}%e pr mno and the

logic Sfp¥E176 2Ry bE mipMehicated X wamt& s&,rﬁgeq;lr&esselt 109 kepafa@iorh the
t he conputer r eadabl. e diumis accessed and . executed

host pbgpegoxb A8 eglgwlem?ﬁtétl%d e qug%glﬁtacrﬁaraggfr@ryr gémplemented 1n host

soﬁw@:ﬁb@ﬂid[@mhﬁer@raﬁ opdFRIng BPIMne6k AaRypIicdtidd) ef%on{lbﬂlam stk e
a Tl server

,%,3 i‘ a,tralnsmssmn nmedi a or from
[000 er Mocerain jigplgmentaiions, @ ﬁore}gfgcg§yst?qz| may éﬂc*uflﬁ‘f‘ I‘l‘6§f and a storage
contrcm‘éﬂ WichGh SE@IJA!avMiaé@Tbthﬁog@@dﬁchlﬁent (SATBX}ESHrﬁﬂAmued SCSI

rise a trfansrris such

(SAS)e |R§t g g of Infgpen ?@Fg‘é%&m? éffsr?P%tE‘?”gh alﬁ‘é%‘i“%i“ges access to a

non-vslaale@i ea@@@ga&m&m&g&@w&s@m@ Qape3fedi BptRaMAKESe. In
rareg gnhal s, article I

sty PR PE T S&%?ﬁﬁ s Pt e ategRep e beded ipaystem tha

does P ARIUUS a 8RS HuftBer dAGTH dnl tROSAS Mrchitbfare' of ddvide€andfex dpanders is
war e

mapuf acture” may .conpri se a .conbjnation, of har
descrlaffﬂmélaﬁ%%a?l@%@ﬁﬁ@%m squw%%ﬁcmog@o yRsTpA TR FCSY,
(SAspr@f:eeeslst €fb. lI%tD}'ﬂEC mvews(e%br?xgﬁd ANEI ﬁ«ﬁng}s h@st@om‘(mv ﬁﬁzr |(Rlly 9,
Wi recogni ze a many nodijic | ons
2003).@%83169 by AASE RGP Py e RO O aHEC YR Ate 42 %sﬁ injtha techa?logy

spemﬁmmﬁ‘@éhmermgwsymf SSERIAAT RiRhMBt REv. @A TH020@8).
[000%' um known, in the art, 7 WO 2005/ 066760

1 USD SeriimRE RSN BRI ahs davice dEverand SIPTHET RIREHTOR P Rfgments

may He hﬁpl@ﬁi@ﬂt&gﬁ a@bﬁpﬁ&%wterﬂ Qﬁluaﬁ |al=i'dﬁ§ céntfdfér tb YenBtiformation to
whi ch manages q%&?er ation of parjt

dlsplabjatlanafmt?rﬁguﬂ%&fatm@wgr Sé(ﬁaméli ngdhg devigs A pyetwork

adaptéﬂ@cls A REPulRf H6E@HTOMpAR IRYkibE GOrieatibYaEer, hhin MM, Giptop,
har dwar e or conbi nati ons of these to performthese

or
handbgidfoppyieh ciFundieraiely Bsrsioses Rpcessorand grdccehipgdmbedifents may

be 1m§191ﬂerﬁécﬁﬁ@%§ putihg Aevadttthdt A8esTot BElbe £ WRnidlfer.MBY be
opl emented 1.n hardware in a storag eﬁproce,ssor 109

[000@&, p alsiedaip igplempeniatiopsy, the l?glcb%gagésrshow #thrEpg two store queues 1, 2

or reglsf@é BB 086, | ASnatilvelR AL ¥ndhed RulMHERORIIHIBN stOR queues or
npl emented in host  software jncl udi ng dri vers an

reglst?ff,é’ﬁlalﬂl Iy € ynorehangivo dypes piarityfefagie todr Besitidnat i ons of

[o0036pese.In cémol%;’plerdeﬁtaﬁ&fstm Retiv R |2 84PRR rdly b B&Iﬁg@re@ LR data
include a driver and a stora control| er,

acroswfaleggm@etﬁﬁiz?lapﬁt&@amﬁm‘r)é%maﬁ%gytema@a Pt ogagdepter

embo@fehtd nafbé aslfigtteSloManskiit da0lSHer a RasvRIRBMorldbr B¥nediion, such as
) Inﬂg endent Disk (RAID), etc., controller, that
wirelgggy ﬁe%luateetes%cto a non-volatile storage device, such

[ooom a magRkttateddbSkofHIGY, §a-7b,HAEIVBRW Acer@idlev & ocdinfikg in a
I.n alter%@%lve i mpl enentatl ons, .the storage

tc.
certaif, giler, JF PSS BOHERRTES, » CREINISRCTRHADE (% e Pﬁfoamgy@@ér#erem
order, infvdified®@ &&mﬂéﬂ Nst6dvie] @petatibink MRY be ddded ke ARVAddsGibeMlogic and
11 %E Aﬁb"d{ cture for_devi ces and_ex anders is
still copdupy P eF“ﬁl %nh*)é’er?ﬁtﬁi %ﬁ&?@%g@&ﬂ%%ﬁsw hgIip FRNQESUBN
sequeﬂf&tﬁh Ot operdifidnk alay Bé pracdind iSpaphllel 5Y<€t$¢ﬁr§)er ogér@cfoﬁé 28¢Be
» bI sqQ IIEC 14776- 150: 200x ag% ANSI . | NC] TS. ***: 200x
perforpigy Y &Rple progsying unit exfyyshjstrity |pr<§ﬁ3éalgwltsANS| Detail s
on the SATA architecture arfe described in the
t echnol ogy
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specification "Serial ATA: H gh Speed Serialized AT

Attachnment” Rev. 1.0A (Jan. 2003). [00034] In certain
WO pgobe6set at i ons, the device driver and st or ageCT/US2004/043040

processor enbodi nents rmay be inplenented in a

computer systemincluding a video controller to render

[00038]f OFITAD iRRtrdt€s oA irbpISBbRtiod B Dcompiiet ﬁbhlfé@ﬂdﬂ:l w0 of the hbt@rork
comput er syste udi ng. t he deyvi ver and

|
compQERtR PR 25 REAFS Pm{] oresr dedioss o Fiﬂ? ”sy heArrRuiEeHsE P L0 Mgy
include a @Rskds61F02 (. l@ﬂh&tdp@dtess&ﬁ fa\/r@dfmorﬁ'ﬂ)m A A®olatildpledidry device),

w208, QTR S S i AASLACLEL, (0 401 80

tape diiv) leﬁl)emﬁeeﬂorhgb D6 G&W%f)ﬂ‘i@ afl Ql‘t’drﬂ‘aﬂi stblfagé d@R Sr MDdttached or
i.nclu [ contr ol

n certain
networl?.aﬁr«%ﬂgﬁsfafag&n TSR i1 G ﬁtera%%\ baded i ot eBore gd
execufeMVBy ﬂfe@f&eﬁb&@@@% Q-maﬁ-’ner Rfpwalin the git.s Uﬁﬁ&a@}ﬁ&esﬁ@&ﬁonttoller

507 L 5p. P SR SO N B

commbi¥iBatiol REE a@btwoAL, lSﬁCYI a@l at Etharﬁla 4 Ebﬁ@h@ﬁféﬁAﬁbﬁtﬁﬁed I[dé@%ﬁ]netaﬂs

In certain i Ienent t wor k
on theFibye E&W&‘dﬂ‘i}’& G A e f“‘g%‘f g the %“PB@%%?P& @qal:}g‘b %f%‘?fn%%‘}fel
Framih@®ard 9HalingOMtelfaee” Ny n& ISOAERT A WAl 14es52d. | vel y, the

twor k adapt enbodi.ment s be caonfigure
[00038] aﬁﬁqﬂﬁeﬁ g]&tagfﬁwgire may;in erageidien e ee%wﬂer 509
to rended Glfordition3éh Wlé}ﬁz{y&ﬁ&lltb{\h&he@thé&ﬁ&ﬁUShtro‘ﬁEICSOQ Q9®3 fhpldhiénted on
illustrated logic of FIGs. 7a-7b, 8a, 8b sho er%ain
a videg Garfl prinfsgratifl op fegrafed circpis pqraopenty peupted g thy medheragard, o As

discusSdtiD Q@ia MR the ne @il ddviteOREY Rive ﬁﬂﬁlpmtbr%@ ci@s romesilelsn Ad input
different or er, .nodif ed or rgnov Nor.eover ,

e
devicerJ QiSSP IR A User TR tahe roreRReT 305000 THRCiEFp opbrjrc mouse,
pen- st?:lﬂﬂ nﬁ&bpﬂolne ,G8Uth eEmitive dikpley ARSE, E)k BEb iR BaFhIEIdr ag)gt mechanism
urt her era 1 on eSCri rein occur
lmow%‘édli‘fe"ﬁft i eVé%Pﬂg?SrFaWBE‘r"gfqng ﬁ‘ﬂgy‘%éé"‘b%’é’é‘&?é dropthe
procesd@ 5ab ) cﬁlother\(@inpﬁh&nit Redh as QRBHRY ndRifor rmmteb atorfpel ft@r med by
S|n | e proce35|@% unit or by distributed processing

[°°°4§L. ts. hgsweg%mgp 69 endpsereisrbederisn A54pey Gelbmplepiented

on carfs, kikch 48 b PEBSraDOSNPIHBA SRR brRb QB’CI?Ear@oMéHE WiRf I/0 card or on
archltecture 500 of the netmog onents, such

integratprheiiouid pamporents P efondhs mether %ﬁ%wﬁtaflﬁorﬁhal’%amhrwgme are

descn@erdqmf‘P@pra¢B§9me2 371 ik tﬁé pcessqr 502 (e.g., a
croprocessor), a nmenory 504 g., a volatile nmenory

[°°°4dlavu cdye foregringslewsrintien Sosrique elgbodlraemﬁdr@s besmargspnged for the

purpos%g ef 1@9&%&1&%’3 d@s%rlfmcg{‘ &thl Gk %@clﬁﬁdﬁ\f)ﬁ Sexaﬂﬂ%é zﬁﬁldag 'p?ckflde a
r|VeS a ape r|Ve etc. he st Orage 06

completg ﬁwtlgf@n@rﬁ thie magrighregng PS&@éthd éQmILQﬁlt@ﬁ Oéwﬂamtea@h@@e@tﬁ Itis
not mt@l?cterg% ARRRER cpltc?luﬁ;t @Utﬁgﬁmmfer N &oskd MQI%/ ﬁ@cﬁﬁ@dﬁgns and
are |oaded into the nmenory 504 and executed by

Varlatlpmﬁearw%&lb@ divkight obthe pboxe tpacivngr Kk novvn inthe art. A
storage processor or controller 507 can control the
storage 506. The architecture further includes a
networ k adapter 508 to enable communication with a
networ k, such as an Ethernet, a Fibre Channe
Arbitrated Loop, etc. Details 10 on the Fibre Channe
architecture are described in the technol ogy
specification "Fibre Channel Fram ng and Signaling
Interface", docurment no. 1SOIEC AW 14165-25. [00039]
Further, the architecture may, in certain enbodi nents,
include a video controller 509 to render information
on a display nonitor, where the video controller 509

may be i npl enmented on o
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a video card or integrated on integrated circuit
conponents nounted on the notherboard. As 15
waelikwsoesed, certain of the network devi ces nmayPGEU$2004/043040

mul ti pl e storage cards or controllers. An input
device 510 is used to provide user input to the

WHARNSCEASMEDIR2, and nmay include a keyboard, nouse,
pen-stylus, mcrophone, touch sensitive display
screen, or any other activation or input nechanism
known iAmtined af hedithhg QUL dat colgiising: 512 i s capabl e of
rendering information transmtted fromthe processor

5Qnsf@tin@tohElbgic ORFRRNEINM datdid @h’lrs’ﬂ&a@feﬁ lop@ht@yh, SMBAhth @f a second
St The s

rinter, , etc 40 or.age ) )
transfer e el 5%5@9%8“?%&%@? {Xﬂlﬁg’ 3%%75108 Pkl 5%89‘1 LG dafpgn @
fourtutfﬁmfar@eltaa@h, on cards, such as a Peripheral Conponent

I nterconnect (PCl) card or some other 1/0O card, or on

| ne@dting etdsai‘d lb§1U ieﬁglmmezrt&mp'énﬂyﬂuﬁﬁladg gdid hdvedata transferred to

not hey boar d sonte rchitect
soid R Shparc i eI ot o, id o g2t Gbgteie i i B Brengpe in
said séddfd TpsfebbfaratioN 4 3did A €irst pirty it GardRBed to¥aiddbgi®éngine in said
. ,varjous, enbodi nents has been presented for the 25
third Ilﬁ’b%‘é% of illustration and description. The above

SpeCIfl cation, exanpl es and dat rovi.de a
BB L2 R P A £ B0 i e o tansfred to
said lcﬁgﬁm&h@ﬁab il ani frkt t2edférdiperater) uild ofe dhts tradsterted to $a0t logic engine in

seid syp T G PRSI AR He HreePe Do enatoed P Rl i rging i

said faeGSiahdfer operatidrght of t he above teaching. 9 WO
2005/ 066760 PCT/ US2004/ 043040 WHAT IS CLAIMED | S: 1.

A nmeth of di. f. Vi ol d da cO I.S| nha.
{ Pansf PP PIERR ST OOrEerER i ae IHB LTI dat% g gld sccond
paritytdaia Agfserediip @rsaipe 0Ndatastdedatds & plutaligadotochge eticeanst er
operation; old first pari ty data in a third transfer
?%ZL?} ;I?Lnogga g t0¥ %al;]lmefvcv)h relﬁ) faui }&Xrapgto?stara'ge dev1c%lsJ e:l]rta Ierangc—:d ina
Redumieny Arrayof Indapentignt lfba;ksaorgmmgomal d new data t r ansf erred
to said logic engine in said first transfer
oper at inon [
e%gi ne ’Ll%ﬁ ’megngs!dgf 8!11 3[1\2111 ?rlg %a??ﬁe%f Irsgp%n%yodatc'aﬁls Horjicfgggalcparlty data.
old first parity data transferred to said |ogic engine
i . sai dChe n@thot jof elaitrdawmesfrein saicdmrlv sgeondpatifyrvigtaiindisgonel parity
| ogi ¢ engine a new second parity data using said new
data transferred to said logic engine in said first

transfer operation, said old data transferred to said
| dgilhe aathod ef ¢lgim Iswliceein enicbgriermiingris Said logjseanging e new Exsbiparity

data 1§@ddgs %&;ﬁuﬁg%% inQtra sf&ﬁ)ﬁ"{’o %aqug%?p @ﬁé’u‘?eqn"sﬁd ﬁ%‘t gaﬂsﬁﬁg&ratlon

data.

engl n sal fourt trans erati on.
to a firgbatpre queye of et cugies s perfermingain ¢xelesive:OB qulcf fizpagion operation

on thd¥dhiehty ofjs%daﬁr?tr&g)r@iﬁuéﬁﬁgﬁq appiRd hdw déié‘taﬂd %@reﬁts&lﬁ ggnefaﬂng in

a strlpe of data sStored across a p ura |ty of
said lqpés qngiag nevg secyrbpagitt datpdnelndes ppplyinesaidneivedap t@aasferred to sald logic

engmpinléﬁﬁlf b Yral%ft‘er%EQEtﬂ)Qeto SUofi®Siodr ﬁeu%ro'f ?antgl% icleRgifle, and peér‘rformmg

dundant Array of 1ndependent S rgani zat i on.
an eXCWﬁé/e]@% losiy fomction a@emtlsn i the epriensenfgaid ewond stere qpenejand;said

applieQ%‘adg@_ hori zontal parity data.

7. The method of claim 6 wherein said generating in said logic engine a new first parity
data includes applying said old data transferred to said logic engine in said second transfer
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20 5. The nethod of claim4 wherein said new second
parity data is diagonal parity data. 6. The nethod of
W@ LmsiseI6onher ei n sai d generating in said | ogi CPErHGS200:4/@#3040
new first parity data includes applying said new data

transferred to said logic engine in said first
operaﬂl'idr@ﬁﬁsﬁiﬁrﬁr@ B@feaqugwa s?iﬂ Qg ehfiné hncﬁﬂelﬁbﬁl_liﬁgl aégcllraéivéakdogic

l ogi c enginpe an erfQrm ng an excl usive-, Qgi C X
functipy, fperatigh o he eaifnshoLsd Gt Fiflis Rieaa a0 Blied ol ftpaad wherein
said gSleRdtig Gikaideo@e ehobindwapohd st @ms Biokudes apPleindbad 61ddata

said generating in  said | ogic engi nhe new second )
transff}'éefli tp ganglggla ePgIRg i gaid S%ﬁfﬂ %ng%r QPsroR o Saiygesond store queue of said

logic ég@iRSdng HEES i} Hakeludi@IOR logl Whdidn bpertdh @n ftielcdhtents of said
~atigon, to a second store queue of said

%r ansf er ogeréa\

secondl gfare quelggnherid dAdatBer f or mi ng  an excl usi ve- OR | ogi ¢
function operation on the contents of said second
S0 IMhe GHahoe ofddmSaklibreiR i geekatigin dall BogicHgife a Advefirst parity
.net hod of cI%i wherej n sai d gener, }in I.n ,sai,g i

data inc e%ap@]%’ét}grfél 8 R taﬁ%ﬁfﬂfﬁ te 53 ogﬁ%pgaaeelg said third transfer

opera@@Ptoyhid girs §tioﬂ:d®leﬂa dia%ila ldg[or’:bﬁfﬁihe Eﬁ%ﬁrﬂ)ﬁnig%irfexbmgi\é%OR logic
.engine in said secg transfer 1 . .

functi %ﬁ@@‘hﬁ‘ﬁ&%‘ﬁ% %?3@9 s e dpgpedy EP“% P, ’F‘P ‘gg lzifsépaﬁl‘i’éﬁféa’

and waéreindhid gbegitiog BNGidnegieading @t escdhd Par AN dRxiabiuGds uepl{d said old

lLogic, function operation on the. contents of said .
second At datt BPRSIep QR G SRRIe Ay BHR b HLgRgratido said second
store §ueed Eshid 16pid chglhe 1Rl Pérfdihingan $RdlekiveAOR CogRThdi6n BiR¥dtion on the

second parity data Incl s applying said old data
contei§ GiTan ShPRU SBaednt S SO S hRn O o second
transfer operation, to said second store queue of said
5 9. abk method bfeaimandhepei 61a 1t R radtferedth vsd WgicGRzhefbE a
lt.%uncti on operation on the contents of said second
Vol B gueue and said old data. 8. The method of claim
7 wherein said generating in said | ogic engine a new
f i110s Thgpasthdd/of cthivh & furtiet crokgsisiap plarivritingsaidblddaa fisaid stripe with

. arity data transferred.to said l.ogic.engi.ne in said ..
saa oy SR Bpb AT G B i o B i G PSRl g Rl @i
said olif seqmil garitp date with giitheevasedorplgrafigrdatang an excl usi ve- OR

| ogic 10 function operation on the contents of said
fildist gStnorticlgeoapeisiapgd stomgelmagipin thelstotage fediswh coraprising machine
readabqgltns ctign%%to%fleerie r}ltc‘ci"ai d generating in said | _ogi c
engl ne new Second parity data includes applying said
ol c . par. Transfersred ai Qgi
oG B  RRBL et A AL AL E iR ldtal: 0 froond
transfg@pemtibn; gl dirst peyife dea of a thiad tlarsfeg beerdivgiamdgld sevdnd parity data in a
r 1 an exclusive-OR logic function operation on
fourthﬁ%é&grcog%r?g%nfs of said second store queue and said old
s 1ty . .
SR AR Bhbe o IO 196 g BT g o s
logic éngomnimesaid/igbtatanifer aperateny said 6ld ddth eramsé¢ried tb fd logiaewpir@ in said
isi »e : Cnosaid..
seond YEREE ERR LB BUFEIEAY WO SR IL BN Ly g
transfgypanidt y data with said new first parity data and
overwiting said old second parity data with said new
s @eenmde wanidlggickegime 2 26w Secondyperigy dataisingsaidpew dita gansferred to

id 1034 BAE i B A rah 298B! & 08 i
i G RF T A ol 8 408 TGN B 08 B
said second transfer operation, and said old second parity data transferred to said logic engine in

said fourth transfer operation.
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transfer to a |l ogic engine, new data in a first

transfer operation, old data in a second transfer
Wopws/aed’on; old first parity data in a third tRGRES004/043040

operation and old second parity data in a fourth

transfer operation; 25 generate in said |logic engine a

new first parity da si.ng .sai.d ne ata transferred

e BRI B PR R St By B A cons
parityQiaeyaad 4t618d inSastrébe OF datglabrad hdiaa & bRiEdlQHoftsrapaidelviteagi C

engine in said second transfer operation, and said

o 11 i PRt L RS BB R e PR

Reduhdagi Arr8nginRpéhdat Diske 6@atlzaasni ty data using said new
data transferred to 30 said logic engine in said first

t rgnsf oper ati on ai d .ol d. dat ransferred.to sai.
e chgAREIt oRln §Rb@es rhe b ot EPREHE & Bt by das.
said old second parity data transferred to said logic
engi ne The artgdd of cfagnii4 Whereiasad sew sperdgtarigriatalis diayiBal parity
2005/ 066760 PCT/ US2004/ 043040 12. The article of claim
"11 wherein said old data, old first parity data and

old second parity data are stored in a stripe of data
stlér tie aticle 9§ clainpl Iuwlkekdin the ohclsncoealgble dstricdioss to E8nerdibim said
- L Gl ' LR sai L y

i LB A B 8-SR by 5 86
medivnm Bepply dad neDidak Srarsfegad iomaidilegi enfgink4n saich@staransfet apenfion, to a

. . : et it o e _
s LA TERL DA OSBRSS0k ogion o
the conteats of spidhiststore uneve ewhrdidpaplict yed déta, and wherapdhrahagbineir¢agable
. . i.cle.of claj : ' . i
s iy Mond P Sk e T bty G2 bRy meiog
instruetfrgs stered on g sforags megiami to gppdiasaid nemodatadensfarcdti tneaid logic engine in
. ' r UGt i ; : | um

sid 11 AR St IRl oo 0 5L TR 2 il D ThER2EF, BB b
exclugyrgORdoginfusetiod opératen onrtlzrrehtents ofseidationd stoteajuene anil smd applied
new d3f,0r € queue of said logic engine and to perform an

excl usive-OR |l ogic function operation on the contents

of said first store queue and said applied new data,

and- Wheatirln of Heinmioriersin the adeltieg eadabls instredtionsts gewprate in said
logc B33 el p Ry Sol Ak o EREH NS DM, RECVRGNARIY o HEh e
medivgn 9rappje srie dididatatignsfprpsdyo said Idgin enginkan aaid e eansietiopteration, to

sid G QU SO0 bad B S LgRREEb) Yo
on theqnentents of sard firshetdreiglieveardRaid epplicd pldrietai and vdisesirathe omchine

oSG SRRLAI, Bl 60008005 AUPE 0L, ARy

readall g msimpetipisréoredeendhbsteragarnediune toi apply stid olyldatarteangferirad tg sdidilogic
. r . . . AN

L e R T e T

perfompanggsplusives@Rdogi¢ fimelion aperptimnoh dreraodtents ofwaiddbetangdistore queue and
tane in said second transfer operation, to said

Irst store queue of said logic engine and to perform

an exclusive-OR logic function operation .
18. The article of claim 17 wherein the machine readable instructions to generate in said

data

said o

logic engine a new first parity data include machine readable instructions stored on the storage
medium to apply said old first parity data transferred to said logic engine in said third transfer
operation, to said first store queue of said logic engine and to perform an exclusive-OR logic

function operation on the contents of said first store queue and said applied old first parity data,
12
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on the contents of said first store queue and said
applied old data, and wherein the nmachi ne readable

WO 506560 ons t o generate in said | ogi c engi nePCRGS2004/043040
second parity data include nmachi ne readable
i nstructions stored on the storage nediumto apply

and whedeih thd iactiia seatistdninéinicti@d td gensatedn b@@io@lc%ﬁglﬁé’h@ﬂmcdnﬂ parity
Lo sal

data uzc@lléc% égagﬁlggrgp%gfg%fhﬁgtéoﬁg fetﬁrgﬁ ogﬁaa sttoaage H}@SLPS s ot sa1d olg second

parltyetatal ttafs foteed @sdlidigpic ehgincihisgit foup@ I‘tlﬁﬁs_f&lﬁ)pérﬁhdnhﬁ s&i@RéBAd Store

d. second tor ueue and i d d.data. . 18. The
auenc s SR |oGioGRE . A1 P IR AO P HEO Rty Factiog AR icg on the
contents f daldatdoad stofe@ueiernad sdi®old Becdad phrity €gd.C engi ne a new

first pari ty data include machi ne readabl e

i ngt t.ored on, t tora mto
A T By LB v eIE o BiEHErTd Tt o ampBEpent o
volatilemgnmey.i n said third transfer operation, to said
first store queue of said |logic engine and to perform
arR0eloé arﬁﬂv eﬂcﬂﬁrﬂ 18 gitereirf thestbiagemedian dirtheinconprikd’ énachine
.and.sai d

readabcl? gqts?&]c ions s ore cgre(%l;{r) S%ervsv%} S%&%%% béaéd/gape wﬁp g.lid neegv data,

overwBEIET: S{aLdSﬁ(DMV M@Gﬁ& vaitickaidwleerfizét patith datranhévesvrite sadbdli 8econd
ns to rate in said |l ogic engine new
parity da%taxﬁ%%gldgew SGCOIé%?ag%f (ﬁ‘(iﬁ ude machi ne readabl e
instructions stored on the storage nediumto apply
said old second parity data transferred to said logic
engine in said fourth transfer operation, to said

sedond Asstysuem,commmegof said Iogi c engine, and to
tion

per f or excl usi ve unct i on 0

Phe o CHRRSFIG Y SheR aelBhimoPRRbiatt Safts R omq

second amameslsyrodaplaitolﬁhm&m&y,artl cle of claimll

wher ei | d rans erred.to said. Ioglc engi ne

from ar&at\g/o %1 3 glc%nﬁﬁlldes 2 btaﬁ‘*ﬁgﬁgﬁa%‘? TE%f claim 12

wher ei n dthetosizo praagcascn'mdapmhté abdge InpooOPPHutIEO) Mmaek tdhe data
netruct io toredthereonto overwite said

storag c%gg% ag n cessgor nc (f] ngpaﬁo%mc pHgie iar&l new data, 10
over w |atdev1@airdelodxdcdtabiaﬁty thaprotegsod &t the ik inbry S@hedeifl @Vleast one of

the opbialil o B8 Ve bR Ry A G b e Pl B e 91 A
S yrstsgemto saaﬂpglc sigig;, naxt ddteastiirgmensfempeytionbld dath icd o

at,i S | icat.ion roces
wanst Bp AT B BT AR B P BB ag i PR Rl e
fourtharapdfcrroaéraﬁqu, of storage devices; a data storage
processor adapted to manage | nput/CQutput (1/0) access
t gereknte idatid logstenpiag e pevd ﬁtsapssityodaagmiqgrsakdm data itrmslfdnxéﬂ gsaid
: [ dev cuty t he
logic e@lgfgg gdssguél?ﬂg nnr?ﬁger%ﬁ%at‘ff‘on sud V&]Cig P%? ferrleé g ospid Jogi g netnh%ald
Seconcbmﬁﬁt omegtion; stdsaid Q:lé\ﬁrSCBarrﬂy datetrarafetted toaaid iai@@gine in said third
tlransferprag;lﬁ‘essor is adapted to: 20 transfer to said |logic
I'ne, new data in a first transfer operation, old
a arit
d%&%f%fﬂn i Rl B2 IR el g i pe B e o
said logigrengige idatid firsh transfeir op.nratimnx saalmict éata gefertd ©R2id logic engine in

said second transfer operation, and said old second parity data transferred to said logic engine in

said fourth transfer operation.
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generate in said logic engine a new first parity data
using said new data transferred to said 1o0gic engine

WO eosaéadoed i rst transfer operation, said ol d darGI/US2004/043040
transferred to said logic engine in said 25 second
transfer operation, and said old first parity dat a

transferred to i.d l.ogic.en
Bne dme S oA ShefinSAR Y o e pHaY Hoih g old second
panty&l@ﬁ@f&jstdiéd intaystrip@lofdais storgd Sdoselsaieplutdityaf tiomgs efdead t o
said logic engine in said first transfer operati on,
sal.d ol d data transf rred to..S c_en [
s octhsers of QRE S SiERn R R Rrdin St iR G atapgreca in
Redufdaiit Axyaydﬁthﬁiepdfnaélﬂ Dagks exgaiimatisai d | ogi c engine in 30
said fourth transfer oper ation. 13 WO 2005/ 066760
Pgrl% Ugl %gg eig Ofﬁﬁq%mf?% W, erelrr)lassra{‘?itne{vn f ggrétg 85193 grlog%%nta?aanty data.
parity data are stored in a stripe of data stored
ads0ss Bwisgstqph of ddimt2¢ vakrestsaidage sehowd pasy d@28is digenal parity
systemof claim22 wherein said plurality of storage
devices are arranged in a Redundant Array of
I ndependent Di sks organi zati on, 24. The system of _
cl28i The g stemeafelaim g hivtierniawaif genstatipginishig lepat enging a new first parity
] tal, I
data, f\%%gr%sés?ﬂ dgﬁ #g@vﬁelge?gﬁ%léégm I@%&fz){ SHE g}sg&%{lg%ﬁgé&%é?,i t%) Sa/ first
store gigti@of s2ig. Iog'fhenggyegnémr@frmwmxnluﬁﬁe Qﬂéom fungtmingperation on the
contexgg {;'tesra%tﬁrglg;t%é;qus%gé %d:qsg\%' 11%5]9 \{]gar‘@ falgcr?wel%&ﬁ Sid g&%{al'ﬁ){% in said
logic ergfgiemewrscposépdltf dert&tapmlreamd v dapretraasfewed tosad pgfd angine mosald
first tr%ﬁs {r%ggr%f Ot-? r{ se§oq1|d(g¥oke e&e O?QQH ﬂ)%lcaeﬂ np %Fl& ?ﬁfﬁ‘m?&h excluswe OR
exc tion ope n’on contents
logic tufhctgmiogerhfionsdn thet améenty o€ sned wmds@raﬂ@mﬁrﬂ@dd aplicd atva data.
and wherein said generating in said |ogic engine new
Seg0 [ ferr :
2P0 R k2 BHODLE 55 DR 038y LRSI EL iy
data, applessridond data)treeaS%g@@qdalé lqgm@ngfuemesaldfsmad thatiséry joperation, to said
I
s e o L e B s DR AR B B 8om om e
contelamdf il fustappd quede amdeidappiied 01 dam, anfvdiersinseidrgendratigan said
ogic G8AEH Shbnd By B2 Spfck DAL IE g bde! PRA > ARILAC R baid
seconl ¢yams&ir dperraﬁgqnctoemgrswemrl siors avaie obwishldgie ergingt and performs an
excluﬁ‘ﬂeeéﬁtlég?@%métgn%gérgtlo dnrtl‘?etcoﬁtfer‘?rg &f snggﬁng L‘to ugué AA854d old data.
i ne an rnms an excl usive- ogi c ftanction
operation on the contents of said first store queue
arkd. J&¢ systeppifickim 87 whersinaid gengrafipeinespid legig enghe naew firgh garity
S
R Rl A e L T AR e
operaiqn, ieseidirstistosmasiers ofspideniq eygine prgl nesformssmeseiusivr @R dogic
functigl! @;%’e‘?atﬁfl oR ﬁie@oht@&é Gf s%{d%{ﬂ @tore%ﬂg.lepa‘ﬁﬁ 21 Eﬁ)hécpold first parity data,
exclusive-OR logic function operation on the contents
and whereigzpid geucsating ns&aesrleglq eiegins nawaeogaql pariy éptal ap@lles segd olggecond
parrtystﬁérttﬁﬁéfa{‘edq) &idMogit e\‘htlﬁé' Rlskld St trgl?s@é? oBErhit, foRkadRlddnd store
ogi c engine a new first pari té data, applies sald
queuecﬂf gaidl Jogigtengiag.iang perfaras ery eernlyrlécr Bdogiofusefion operglicn earilg geatents

of saill BecSd Forb Hﬁéhg and ﬁﬂﬁﬁ@&coﬁ@%ﬂ?@a@ to said first store
gueue of said logic engin perforns an

ex0l tfib ¥RreorlcRgth 01 ARthEBRbIHSH): aoﬂgéo%hﬁ’&lepébubﬁg to said
contents of said first store queue and said applied
proce®p first parity data,

data.
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and wherein said generating in said | ogic engine new

second parity data, applies said old second parity
wa@lam&/06a7einsf erred to said | ogi c engi ne i n sai dPGTIUS2004/043040

transfer operation, to said second store queue of

said | ogic engine, and perfornms an exclusive-OR | ogic

f LBC tTho sy sRRRITalaind P2 @hertil €aid A 1ERNGIR of ik opitthgSeR@N device

. st ueue and sajd, ol cond parit ta.. 30, 29. .
criverpgd Uy g P RST3 E NS PO BT PG i fbe vith sid
new da@N&veBVrite Eaid 618 [itse ParftpdRaviviih i OERSHEI parityadd@nd overwrite said old
SeconéOO /066760 PCT/ US2004/ 043040 30. The systemof claim

parjiy data with said pevniecond pefitydia- of t he operating system

device driver and the storage processor is further

ad pted to overvvrrt sai d data i.n said s
6} e P& ROCSEPE W?et‘?é‘t ‘?aéa Heraeereyie aB‘&Faﬁ‘W&&atﬁé“’rage
units %ﬁ‘lb‘rlm d new first parity data and overwite said old
second parity data with said new second parity data. 5
31. A &8 > processor for use with a data storage

havi ng aﬂogﬂ;bﬁg&ﬂet ind of data storage units, conprising:
i.ne; and a processing unit

a nenory %{n %}?
adapt ediprr%cessf@ frafRediot o said | ogic engi ne, new data
in a first ti.amettetai@peicahting ne\okl@kadad frst thalsfar pe@AGY] old data

tra eratl . old fjrst ity data in a . third
mas‘“tcf"a‘ﬂgaf“é‘{ﬁ ?}%@Par’. ISR a§’éégﬁf8 é%f rr?Va%%ta&d Pﬁ sgeond

parityfdatarif B fduftB haised opp&ionf i on; generate in said logic
engine a new first parity data using said new data

transferred geferft@inthaldagli€enpii@iamewifitst paritgl dith ﬁﬁlﬁg said new data

eration, aldo data tr
wanstisS S b logfiarngiee rid B CuBbb it Parerlid Gauraeiegrd g
logic &riir i@baid sfeb(ﬁﬁttra@s‘iérl dp¥rafial andisaidvsd st Ryt dataSAhderkdddb aid logic
engi ne, .i ird transfer; and generate in said
engm?ﬁ’gsia@ﬂ%ﬂglfar’?gtjeraa w second parity data usi ng said new
data transferred.to. ardlorc en $ardf

t
transfer opeFRt?inif sadapeic %ﬂg&P F% ° EB%F Rt S&fiinaw data
transfbmgrr t6 saemgagiaenglﬂe inahid fisse aa3cr blrseazm)h,araldarnceaam tradBerrédd said

d.old secq a data transferred.tq said,_. 2 .
ogic i d LR AT OR B ML Y P ACIeEr gy S Grropi o said
logic difptnedii iidpertptrasesseratioh. cl ai m 31 wherein said ol d

data, old first parity data and old second parity

d stored in a a red ross. s
o B a1 St prgr Gy ofE et oy 9 diE PR Fasty YRl ang
old sepdirﬁl(;ﬁﬁ@@lﬁta@fe sedréd ima 3Ripevbedag stbrsdaawbsp baid plhiality oB§torage devices.
stor age devices are arranged in a Redundant Array of

rkqepenlq‘l a[g)|e Sr%‘gesg ! g?c it a§2 \x(/)hereln S lcf%uragl-l?e ra%e (%Vi})es are

processor *of erein sai
arrangtd tiraa Regluhdant Armt rﬁ]lndepaldeuty)lsicabeganﬁaﬁlonTh e storage
processor of claim 34 wherein said new second parity

d aqa | S;l“hg 'sl%giggﬁﬁjocessor of claim 33 wherein said new first parity data is horizontal
parity data.

35. The storage processor of claim 34 wherein said new second parity data is diagonal

parity data.

36. The storage processor of claim 31 wherein said generating in said logic engine a new
first parity data, applies said new data transferred to said logic engine in said first transfer
operation, to a first store queue of said logic engine and performs an exclusive-OR logic function
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parity data. 36. The storage processor of claim 31
wherein said generating in said | ogic engine a new 30
WO 200806q3elr i ty data, applies said new data tranEEU$2004/043040

to said logic engine in said first transfer operation,

to a first store queue of said |ogic engine and
opera%goisl;fﬁoegﬂggggts gié%?d@ﬁgng%&zhd(ﬁlﬁ@aiﬁ epyticd 6w aﬁa\éﬁi wherein said

! ¢ operatipon on the .

senerggR LB CeLpep Fope BrLY St AU SRS Sippertio seid
logic é1@iie Gadad firsttehny¥Bdpeiations & dhecdt BRFeukitOofistid SaiicCeniging) aad

engi ne_new secon arity data, _ applies _said new data
perforfy 4p SYCUSVED BB APIETon FBPROLIPRESH LR opa Sore aibue and
saidaﬁGﬂliaﬂlﬁéveﬂat@per ation, to a second store queue of said

ogi ¢ engine, and perfornms an exclusive-OR |ogic

fypctj on operation .t ontents of said secand .

& 0 The Tt s OEo i Thimy 3 P S Saretrug i by o gheine a mew
first p&ritp ag Qpplicd 6418 Smrd_aﬁftraﬂdfat:eﬂ‘t@diiﬁﬂbgé engineSAbald geort ednsfag

LN sal, oglc engine.a . riew, first arit at a, .
operalgl Pl fed figesara st Icele abeind et A P BROR fogiene
functiblop@aition 6:€he BehtéMtadT3Hie first e hadue @nd saidappHeédbld datstand wherein

.. store gue of said | ogi c, engi and. per n .
soid sgEy 8 fhygHidst GRats Tov Sitord G BGr BiTsh s o0 e Banfeusd o said
logic &@ging @i ¢hid detdld t@hdEr@perutdnctoand sscahdistap ghéve df elidilogiateagine, and
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said oldrd@fasferred to said logic engine in said second
transfer operation, to said second store queue of said
| Q@i ¢,engi ne, and perfor n_excl.ysi ve- OR | ogi . .
¢ e T Ao mePreS P i 2 afeith erif g P Qiogic engine
a newstiRf farfiy a8, Aplics §AH d1dHiek fditPdatd ansiieeFlo@aRBgic engine in
__processor of claim 37 wherein said generating in said
said thipdyirensfergipseationstogaidelist stors quenerafispiddegis engipplené perdering an
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applisiiell Eir&tfpafifi dhtd, 080 vherg §ied sadrRE e kail Sog@engine new second
_exclusive-OR |l ogic function operation on the contents
parityodata; appligsi spish old sefoad gasiylamernsterigd topgid lagic enging inysaid
fourttP@idstet oggltaﬁon,atg‘gai 8&0%'(1%%&95&11%%@@518‘16%9e énec‘ aa'nﬁ L38is an
engi ne new secc)n parity data, applies sald o §
exclusiec ORIlogdy fuhytictedmeriticanaftes catertooaidsdcogl gorngieneandsaid
said 20 fourth transfer operation, to said second
old secppg pargfyida®- of sai d | ogi ¢ engine, and performs an
excl usive-OR | ogi ¢ function operation on the contents
of39s gird sk oSdsrrelaHS2 MR k4d P%c‘éssﬁ%‘?&ﬁgis%&h&ry
data. 39. e storage processor of claim 32 wherein
adaptedicdoverudesseideld datatin said fuipe Math saabiegit dafatayeoveitewpidiadd first
..sald old data Ln said.stripe wth said . new data .
parinht vith SR A Y P2 MBSyl AL By e ien
Saidﬁews%korpﬁ%'r{tydggta and overwite said old second parity
data wit said new second parity data. 16
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