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i mprove payIba¢verOcke2.[ 0004] I n one RAID-5 organi zation, there is one bl ock

of parit a for tripe of .data. 25 across the array.af disk drives.
Such an i?‘?@iger}gﬁﬁlﬁ ge\yglc?;dsa%i'%é‘ﬁnfaﬁ(g’cg)ﬁg’fawgef %Sﬁa%f) §%5§eﬁﬁ%ﬁsoﬁwgedgbne drive
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whi ch,ma r tQ. . ri L.\ t] ol d data
on & 200 r I BEcBhBR Ru8SRG BhRARIPEL itor SR8 OB YBAG L Bk

drives and no particular disk drive is dedicated to storing the parity data. Instead, blocks of parity

data for the stripes of user data are distributed throughout all the disks of the array, to further

improve performance.
[0004] In one RAID-5 organization, there is one block of parity data for each stripe of data
25  across the array of disk drives. Such an arrangement provides ready reconstruction of data should
one drive fail. Some storage applications can benefit from more robust data protection should
more than one drive fail. Additional RAID schemes have been developed which generally have
two blocks of parity data for each stripe of data. One known parity scheme includes a
“Horizontal” parity block and a “Diagonal” parity block. Terms such as RAID-5DP (dual parity)
30  or RAID-6 have been used in the storage industry for these or similar data organizational
arrangements.
[0005] FIG. 1 illustrates logical operations which may be performed 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
35  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



shown in FIG 1, an Exclusive-OR | ogical function may be perforned on the
new data 30 and the 35 old data 32 of stripe n. The result of the

Excl usi ve-OR function be Exclusive-OR ed with the old parity data 34 of
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25 [0009] Notwithstanding, there is a continued need in the art to improve the performance of

processors in data storage organization..

BRIEF DESCRIPTION OF THE DRAWINGS
[00010] Referring now to the drawings in which like reference numbers represent
30  corresponding parts throughout:
FIG. 1 illustrates a prior art generation of RAID parity data;
FIG. 2 illustrates a prior art logic engine for generation of RAID parity data;
FIG. 3 illustrates prior art operations to generate parity data using the prior art
logic engine of FIG. 2;
35 FIG.4 illustrates one embodiment of a computing environment in which aspects

are implemented;



FIG 1 illustrates a prior art generation of RAID parity data; FIG 2
illustrates a prior art logic engine for generation of RAID parity data;
FIG 3 illystrates prior art operations to generate parity data using the
prior art a’%&ﬂ&é"%ﬁgi ne of FIG 2; 35 FIG4 illustrates PS*@%WB‘&P%M of a
conputing environment in which aspects are inplenented; 2 WO 2005/ 066760
PCT/ US2004/ 043040 FIG 5 illustrates one enbodi nent of a storage processor
in accordance wit hFlgs)ilusteates gpe yabedimgnt of A sigragempesseainiacsPripasevitr) . 6
illustrates opgecBOLheRbh oPRABD 28 dat££Ngi Ne for the storage processor of
FIG 5 in accordance with aspects for generation of RAID parity data; 5

FIGs. 7A, 7B il usklifaé Blugss entehofdigset abp logirengins B the sforavpiResssof of gener at e

parity data; ﬁ@@in&&rda%_ﬁ’e\ivitﬂAéﬁécfs&‘&%eﬁéiﬁioﬁ@ﬂkﬁﬂjﬁaﬂ@jdafabe store queues of the
| ogi c_engi ne of FI enbod] nent of operatiagns éo gener at e of

G 6 inh_one o]
parity data; and PYEs 7B fljystateqnesmbpediment af eperations @ armpd ioegfneie used wit h
t he descri bedparibdagirbodi ments. DETAI LED DESCRI PTI ON OF THE | LLUSTRATED
EMBODI MENTS [00011#6;I§r]g thg,hlol | owi n desi;ri Eti on, reference is to the
acconpanyi ng dr awi NS SAWRB dfpstrals &O%HQFP he ptagsraucHs? oA4RT 1ogic Frging ‘e several
enbodi rrenlt S. gtndns erdbodiah allt &Qﬁexﬁﬁtﬂ;& t@eh@ge oﬂ;ﬁg@rﬂaﬁggﬂﬁnt sFlmay ge_ :Jltl lized and
structural and opefat al changes may, be e. . illustrates a
conputi ng envi ronn%@tbﬁﬂ‘s Sane @%gt&eghwygeeus %%}ﬁég‘éﬁ%s%b.e A conputer 102
i ncl udes one eanbodimeatscentral processing units (CPU) 104 (only one is shown),
a nmenory 106, non-vol atile storage 108, a storage processor 109, an

operating system 110, and a network adapter 112. An application program 114
further ©EFAUIETSDESCRIPTIONOR GBEADBUSTRAERMBMBORIMBNTSeadi ng data from and

witing o the storage.108.. The conput er 2 may conpri se any
corput P iR ce BRI sk o Aot B e PR BEFORPE oy sonal
conput er whish fdemitagiatt bereof ahdiwhicipilludtatedinetall eralodjpmener It it widetoodthatdehet ce, net wor k
appl i;ance, . vi.rtual i zat j.on.devi c t orage. processor, storage controller,
ot o. Lny SEpdinesls e ified prd dyidaband ofioptlstinER iy he Bt “ oy “Cpe Use.
Progr ans [@GM0d2Hat aFiGh 4 itwstoatas aTofputng ebérosmend pechichspecs oy dgenpfl@@nd. part of
menory > og lgg‘xgl%g?n%} JRE g‘lt & Sc'entLaP Orgc::le:ésjngpl‘mﬂs(? QGP‘EF)‘ 1614{ dogglronel %gho%?,%Ut es in
menory 106°8R4A 1 néltdes St 8rage Procksso

memory 106, non-volatile storage 108, a storage processor 109, an operating system 110, and a

network adapter 112, An application program 114 further executes in memory 106 and is capable
20  ofreading data from and writing data to the storage 108. The computer 102 may comprise any
computing device known in the art, such as a mainframe, server, personal computer, workstation,
laptop, handheld computer, telephony device, network appliance, virtualization device, storage
processor, storage controller, etc. Any CPU 104 and operating system 110 known in the art may
be used. Programs and data in memory 106 may be swapped into storage 108 as part of memory
25  management operations.
[00013] A device driver 120 executes in memory 106 and includes storage processor
specific commands to communicate with the storage processor 109 and interface between the
operating system 110 and the storage processor 109.  For example, the storage 108 may include a
plurality of disk drives 150a, 150b ... 150n , in which the data is initially stored in one or more of
30  the disk drives 150a, 150b ... 150n in 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
35  network adapter 112 to transfer data to the storage processor 154 for writing on the network
storage 156.



specific commands to conmunicate with the storage processor 109 and
interface between the operating system 110 and the storage processor 109.

For exanpl‘ggﬁ(lio%ﬁslg(pr age 108 may include a plurality ofcfi;8k084s048S 1f50§,0

150b ... 1 I'n"which the data is initially stored in one or nore o
t he di sk drives 150a, 150b ... 150n in a RAID organization type. This
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suitabl e storage processor 109 is illustrated in FIG 5. The storage '
pr ocessoftorpgol O%aéﬁ)lP bridged 80 pamwitsithapiachnsat cogtrollen FQpavtishinmt ke agkerighat a bet ween
the host Aa%watﬁéhnwgy A#Ebhaest (SMA)%B&?&&Q‘Oﬂ&&ﬂpI{h@b@%@E@Q@ ifvlasERRor 109
i ncludes a bri d%e 160 between a primary bus 162 of the host conputer 102 and
a second#eyrines b462coupl ed to an attachment controller 166 of the storage
108. 13hedoohelge ks StrdnSiati ilvn A ST PREMideS 8 Righ @lrbihput @6ta Phth EBmARY be a
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transl at ifefockiut 174682 RER \¢hElRS 178 which BrovideImIGhupivé-Od adiculatishd o fgeerad fasity pri mary
bus 162 to a processor. 170 and | o 72 via a laocal  bus 174. Al so
blge e aATB el Syt

. | menmpry 1
coupl ed AP algerithms. fiyspoqndary aﬁ?"g?jﬁ anslaian it 1 7 PrRpides g
Excl usi v@at&patic ftbifi the ptdceussr 1170 agHI6& Atorp 872 tbmde sé&o@@kﬁh blfﬁ,qsc;,lﬂmt@ al gor idt hns. Ah
secondary. addr.ess trans] ation i3, 17 rovides. a hi t hrou ut ata pat
£ r ot ne s ERedmas bt b s P b el Rl AR B 1 64 1t ho
20 i |l ushiapbededastyvatli ment, the busses 162, 164 are PCl busses but ot her
types of [(R\%rl Jl]p h The 1005 li'r?e?n%ls'y 173%s ap I%enlljosfy?gongglleww. " In the illustrated embodiment,

the local memory 172 is volatile, RAM type memory and is used to cache data. Other types of

memory may be used as well. Direct Memory Access (DMA) controllers 182, 184 permit direct
25  memory transfers from the host computer 102 to the local memory 172 and from the local memory
172 to the drives 150a ... 150n.
[00018] As previously mentioned, some RAID schemes utilize two blocks of parity data such
as a horizontal parity block and a diagonal parity block for each stripe of data. If new data is
written to the stripe, both new horizontal parity data and new diagonal parity data could be
30  generated as well. To utilize the logic engine 50 and parity generation operations described
above, it is believed that six read operations are utilized, three read operations to generate the
horizontal parity data and three read operations to generate the diagonal parity data in the manner
described above for the generation of new parity data.
[00019] In accordance with one aspect of the illustrated embodiments, a logic engine such as
35  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



[ 00017] The local nenory 172 has a nenory controller 180. In the illustrated
enbodi nent, the local nenory 172 is volatile, RAMtype nenory and is used
to cache types of nenory nay be used as we nory
Access (D(Ig)%)azg%s P%{;I ers 182, 184 permt direct 25 rrenn%wtugoﬂflge’?%{bfromthe
host conputer 102 to the local nenory 172 and fromthe |ocal nmenory 172 to
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2 as represented by an arrow 2 he data being present its input
as represésited by an arrow 208 In accor dance with one aspect of the 10
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[00023] In this example, the new data to replace the old data in one block of stripe n on the
disk drives 150a ... 150n was previously stored in the local memory 172 by the host computer 102.
25  This data transfer to the local memory 172 from the host computer 102 may, in some
embodiments, be a DMA transfer using the DMA controller 182. The amount of new data stored
in the local memory at a time will depend upon the capacity of the local memory 172. In this
embodiment, in addition to the new data, the old data being replaced by the new data is transferred
from the storage 108 and stored in the local memory 172. Similarly, the old horizontal parity data
30  to be replaced by the new horizontal parity data to be generated as set forth below, is also
transferred from the storage 108 and stored in the local memory 172. Further, the old diagonal
parity data to be replaced by the new diagonal parity data to be generated as set forth below, is also
transferred from the storage 108 and stored in the local memory 172.
[00024] Upon resetting (block 220) both store queue 1 and store queue 2, the contents of the
35  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



[00022] FIGs. 7a, 7b and 8a, 8b illustrate one exanple of operations of a
parity data manager 130 which can include the processor 170 and | ogic

engi ne 176, .t ate dual parity data when updating data stored in the
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172, 51 plelsly ORTEGTRIG o) i RSB ARGt tuRlield 21 R bbby blC%, | TP 0
hori zontthé sapamﬂw Yatalean de storeld én @ﬁnmraq@deseis 2 seltznfg@rstdglebedd@ppramcm faplnsfbe

t f 172.
Furt her . PEREeBfl i ST 4 e BOP SRORE R bbby kOB QB PN, 102 donal
pari 10/ dapigallydedsrd gon &eavawdltsacsf tmow auetiés 1b2| Bws, lf, @ra*mle thegepafitrafed from
the stor %%o%&%ﬁ%%e%sqrqu iI@b}I‘t& 3!3 %Q@Q)pemﬁgﬁ)&/m %Xt?nuﬁ [l.tpcﬁggcﬁ]of 10 9Bre" Sﬁgt ting

(bl ock 2 ore queue store queue e contents o

st ore quevgees(l, hisdillehwitk i lbétemféleﬁ dﬂtaﬁﬂfébl%k suck padtigek ngef stripg nobthe disk n Fi G 8a
Opposi terp)epg@aqg&) ofis0f1 G 7a. The new data may be read (block 222) from

t he Ioca1l menory 172 of the storage 5 WD 2005/ 066760 PCT/ US2004/ 043040
processol0002f] aifler ald datawhirinis foberrenlaned by G sevdnta reayialsarbg reap laok@PY queue 2, as

i ndi gat eflo fhe ﬁc@me%ﬁry 172P ﬁﬂ§6lﬁ Qatmngfge 1%@%519@-0&%&3@13& 20§ e el the store

gqueue 1 was previously reset he new data may be storéd in the store queue
| by perProvieHshygtoeed instke F@@.%@wqu@mduaw intern@diag)respt ithe plerequsyedat a r ead

from t hejpligfiad in 51“%?;\(031167 ﬁo@dﬁé65f‘ﬁd &S efty 63t with ®le HxBRsi®d-ORe queue 1. In
connectlon with the storing of the new data in the store gueue 1, the sane

new dat afURgien B@h%%ﬁ%wthﬂleﬁ@lt%ﬂf@eq@me% Infhe gldidetamiay al§o BREXBSFPUSi ve- OR

functi onoREd @oc@za\wtﬂ tHehBw d@8 ﬁiev@ﬁ).dl\} @&&@m% stofPquehie, BndHistbtPasdn |t 1S
appr&il at ed that f sane new_dat be stored %’rﬁﬁ‘g{)th store ueues 1, 2

uti | #%i n§g °§“§1faF?dFsétht§%ISt6‘6élP%\‘F|26ﬁl iedif P RIO- o, ppngs 3P0 PYHIG. 1, dtis| 7o of
the new ﬂ@fealafe@ﬁﬁt tRXaMma bidatafchObe KxdRisiv@ORled WREME Yontehds oFbbh stbf: duies cal |y

depend u city of .t 0 ueues 1, 2. Thus, if, for exanple,
t he capag%t‘ﬂ? ‘fgasg%?"ﬁ QS%PF%EWSf?%'H&} iﬂﬁ@g‘?ﬁwiy 17%' is 1K bytes, the read
oper at i ojpooe?]l clantthifiuteadwWpkiationg te BlddorizdARl SaiGf dta is read (block 228, FIG. 7b)

from the local memory 172 and Exclusive-OR'ed (block 230) with the intermediate result

25  previously stored in the store queue 1. The result of this last Exclusive-OR operation for store
queue 1 will be the new horizontal parity data which is stored in the store queue 1, as indicated in
FIG. 8b, opposite block 230 of FIG. 7b. The new horizontal parity data may be written from the
store queue 1 to the local memory 172 as indicated by the arrow 231 (FIG. 6) for subsequent
transfer to the horizontal parity block of stripe n of the storage drives 150a ... 150n by the storage

30  processor 109.
[00028] In a fourth read operation, the old diagonal parity data is read (block 232) from the
local memory 172 and Exclusive-OR'ed (block 234) with the intermediate result previously stored
in the store queue 2. The result of this last Exclusive-OR operation for store queue 2 will be the
new diagonal parity data which is stored in the store queue 2, as indicated in FIG. 8b, opposite

35  block 234 of FIG. 7b . The new diagonal parity data may be written from the store queue 2 to the



queues 1, 2 is filled wth 1K bytes of new data for a bl ock such as bl ock n,
of stripe n of the disk drives 150a, 150b ... 150n. [00026] The ol d data
which is tg b e ced by the new data may al so be rea 8% Kk 15 from
the | ocal }Qfé’rﬁ?{’/"ﬁ%g The ol d data may be Excl usive-OR Gfr ?@é’&‘&g‘%) Wit h
the new data previously stored in the store queue 1, and stored as an
internediate result in the store qu |nd|cated in FIG 8a, opposite
bl ock 22&cgfnemor; 173 gs lnﬁﬁat%wzgﬁ&ﬁtﬁﬁfftrﬁ@seeemewe i degmak BBl of t he
ol d dat aplti df skipen 60ME &bfage &fveémastmwbﬂmebterageprb&eesoewb data may al so be

Excl usi v bl ock 226 e dat sl.y stored ip the
store quiqp(ggﬁ g‘h ng?ch’éWﬂ&é‘eéf’ﬁ‘It‘E%P&?ﬁ %b&"@’s‘%‘? fiﬁ’et“ﬁ‘g d@edPe queue 2
as i ndi c@irgddtdto fHeGtrip8a,of mplpdmet ESOblldﬂik 2136n ,Othe Ed\;\(ﬁatﬂlﬁay Hetwritten toagppr eci at ed

h h | dat th t t bot h

St or o quAlTBesT U g g P T8 RoRIORG P oAb 75 6V Bt ARG EHACTEEH menor y

172d [8Peﬁd7d1agbml parity dataihds ®eeh gemat:tattbmﬂ thdee cb’laﬁanh?ﬂ of thahew dqnaamdl i mywdzca]t_\y a ids
om us| ve- e

P o5 Beoftiritaga st nahip T M b s st e R R A s or e

queue 1. oftheditledived 1508, 1506 s. 1588t Excl usi ve- CR oper ation for store queue 1

w | | w.h Q ari t atavx/n red th tore queue 1,
as indi ci@’g’é&f Inﬁ'ﬁ&f gted%%ﬁglg}eﬁt % ead %ta’%i r?‘é‘?%@ Mibr i zont al
pari tl§ dabwe imchdedteansferstof data fromnhetldwel mmtoqr UZq:uﬁaah)gfc engint h%6. [ltigal menory 172

s 10 oghed bt A0S, AL AR LELR, of) ool AL rBURRSONRIEY bR MBLELCAR L 1C

hori zont &P parity orage 150n by
t he stor aigetorﬂal(pﬁrtoamgm@mch p{)ﬂh@@ﬁ]: eigined 76, @sud@smheéadcoopelmu on, the old

di agonal ‘kﬁié[g%ﬁj HRgréQI 172 and
Excl usi ve@tﬁéa?@}eg ’v%&?kgﬁéﬁlﬁ%%{ er medi g?é%@%ﬁh previ ousl y stored
in the stORGANJGATION assigned teetbeidssigure of the predenisipplivation, fled De@Rberd 2808Bon f or

storg:zqu o ew di agonal parity data which is stored in the
storgsqugﬁkgat‘% \Qgéééclkﬁ cg?]gd{!i n FIG 8b, opposite 35 block 234 of FIG 7b .

The new didaitjonss may be written fromthe store queue 2 to the 6

VO 2005/ Q@r @]0 PCHJ&%@&%&Q ?ﬂl@s fot A3 {]Efaggf &éta%%@eré’cﬁm'n&?'beﬁﬁ indteqar row 235

(FIG 6) subsequent transfer to th onal” parity K of stripe n
of the stadtmghodpnpgrags prgtcle of m%@ﬁuqsymvw@ngeréP&agerrmleee@@apngmmng[ 00029] In

connect i Qé%hr\MlJeE"to p?&luw éoi’thrﬁ'xg mnﬂaﬁehaﬁﬁ)ﬂreh&r any¢ Q&ﬁlﬁﬁangﬁfh'eﬁeb!f dat gand the new
arity data to the stri pe n of disk drives 150a, 150b ... 150n,

di |
t Ihgg %5@ der? igle ﬂfewanbecmﬁq fg wspd %qsel&re;f,mdp 6ede oplogic fraplemeniaddn hardwargjogic (e.ghe

oper at i oRgix ak%h@ﬁeuﬂcalp, ﬁlagﬂmha&e Ghi® ?@A‘) U&ﬂﬂlxcd?i%ii\’sp&{ﬂczlﬁ’@ér@éd and
di agonal &arlté dat a has been generat or the new data, and all of the

new dat a GRgt ) o} PrASARRYteTFE3dabl 9m5m1ein,d|4%b@5 ﬁagneaaﬁtpltaee e (ffrdialdeen
witten tigk s IRpPLdiskStpd)leR9)opticH stbri@ (EDIRMMSs, Bptical disks, ete.), volatile and

non-volatile memory devices (e.g., EEPROMs, ROMs, PROMs, RAMs, DRAMs, SRAMs,

25  firmware, programmable logic, etc.). Code in the computer readable medium is accessed and

executed by a processor. The code in which preferred embodiments are implemented may further
be accessible through a transmission media or from a file server over a network. In such cases, the
article of manufacture in which the code is implemented may comprise a transmission media, such
as a network transmission line, wireless transmission media, signals propagating through space,

30 radio waves, infrared signals, etc. Thus, the “article of manufacture” may comprise the medium in
which the code is embodied. Additionally, the “article of manufacture” may comprise a
combination of hardware and software components in which the code is embodied, processed, and
executed. Of course, those skilled in the art will recognize that many modifications may be made
to this configuration and that the article of manufacture may comprise any information bearing

35  medium known in the art.



of the disk drives 150a, 150b ... 150n. [00030] In the illustrated

enbodi nent, the read operations of new data, old data and old parity 10
have i ncl ugdgg, ers of data fromthe local nemory 152rhR26d284d0fpi C

engi ne 176. I{%?gﬁﬁ%ppreciated that in alternative enbodinents, dgta can be
transferred directly fromstorage such as the storage 108 to a | ogic engi ne

such as t ic engine. 176, . escribed i cation

R L L e e LA LT e L &

assi gned 136 whitk masagegthegenahtidnvd ppite ddnduriag pita ysibiepad ottiet dath dPerdodser 2|9

2003, 1 Y/ tails

[ 00031] _?W’é‘@tg gé érg{?gsg)y% @%ﬁﬁﬁé\lﬁ%ﬁwf& fz_ngﬁ%rgeﬁgdr&‘;éa??@ coglat %QJS% atpl%on may be

i npl ementredormetbesa andeutheo Sinctégnp affca exrenplss inane eroodinesint, therpericessen7@ antheg st andar d
rogr r maar e,

P cves o, s e 376 SRANRRIBfed h SO e BB 0F B B T e

as used Hwstarasessert & @th‘tr@nnl@d@ta@pnsl, @gpmty datd manegar eaty be inpieneppted én hoslgi ¢ (e. g.

an integr r i cation

Spect 11 o e ARk bifeh h oobl Al SIBRY, & Sl bbb iohe OB & ot um

such as nifl i clnymfwag@lmwmm(ae‘»oglputemﬁrt@m mgy Blnluéqr 3 driver anfi astopge di sks, ,

tape, etg, }noIIQPEdcﬁﬁé SetaRARR el %mm.n At%@ﬁ&x&n%SA@f'Aﬁ k‘.s‘%nal@ltﬁc})ed s¢gi atile and

non-vol atil e nenory devices (e. Ms, DRAMs, SRAMs,

25 fi Hhwe(B4S), Bp@gd@trﬁcaw .3 Imctﬁgqnéent Disks (liAmampe cplirfmtllnretbetm@aseéﬁcop@é%bl e medi um

i's accessgf.\aRle sto ?@&l&tvﬁg stoh a@alﬁ{agﬁ‘eﬁ@ GO drivENSpeGRAG, bfticalsk et rief er r ed
enbodlnents are inplemented may further be accessible t hrough a

t ransni ssiigmative dmplementatiopsyihg stpjagecogieliseembodisents maybgicluded ipa gystem thafses, t he

article OJoemmumas aUdhﬁ/eif Purat dmhilk Bethe sﬂs atcBitdc iRy ﬁf@ﬂk@ﬁn&%aﬁ&mél se a
transm ssi on ned Ia sucC as a network transm ssi on |ne rel ess

transm ssqeEsrbefeRthe te‘%‘{“&?ﬁl sgeciicafipng ARfPrRtioh Fesheplosy patedal Aé@d’rcgépgl waves,

i nfrarsed @Asﬁ%ﬁren@et& ISOMBE. 1411821502004 £l ANSE mmsﬁk&smo&@wwr @oRmr i se the
e is._enbodjed ticle of

medi umin ddi ti ona fhe "

manuf act u7988); ﬂéys@%ﬁ%hgkljﬁtaﬂ% k4 Hﬁ“@fmqﬁéfediﬁ%ﬁ“éeddﬁ&‘eé Q)\%%ye conponent s
[ E }Nlm gh @E@ﬁdﬁ@dﬂ%bﬁal @]meﬁigaSpeeﬂtseﬁﬁia&adr A&zﬂ:ﬂmexﬁ?RSdJU od. (Jag2009)kt; rse, OIt hotse
SKI e | recogni.ze t 1flcatlons e hmde (0]
thi s cont BT, {ormn Btpnie R e dr Y rras Paree Frecoay FBHEFASe  any

i nf or mat i a4y ae@plementadn Beshputer kyatmﬁndlmﬁgham&b fcontrol1dEd %ﬁ&bﬁhﬂ&ﬁiﬁ&x to

PCT/ 004/ 43040 0003 I cert ons, .the storage processor
100 12501 Caeley B0 A ioni S e e Dty RS 1t A8 S eR ST o o
parity daddaptetisuchas adamputersgiadnesongmidingt hsktopl,aztoaksapert atrv@ngainfrafielaptbpr age

Fng 25 ts gr 81e1d co Hglr, gtc S Rflte 1vely, tIle srtc%vg?e p?ocgssor and gc\slxvf%e%nver emgcr;g3 menz%lst rlnz? ns of

be implemented in a computing device that does not include a video controller.

[00035] In certain implementations, the logic engine is showed as having two store queues 1, 2
25  orregisters 200a, 200b. Alternatively, the logic engine could have additional store queues or
registers, particularly if more than two types of parity data are to be generated.
[00036] In certain implementations, the network adapter may be configured to transmit data
across a cable connected to a port on the network adapter. Alternatively, the network adapter
embodiments may be configured to transmit data over a wireless network or connection, such as
30  wireless LAN, Bluetooth, etc.
[00037] The illustrated logic of FIGs. 7a-7b, 8a, 8b shows certain events occurring in a
certain order. In alternative embodiments, certain operations may be performed in a different
order, modified or removed. Moreover, operations may be added to the above described logic and
still conform to the described embodiments. Further, operations described herein may occur
35  sequentially or certain operations may be processed in parallel. Yet further, operations may be

performed by a single processing unit or by distributed processing units.
8



performthese and other functions. For exanple, in one enbodi nent, the
processor 170 and the 5 logic engine 176 may be inplenented in hardware in a

st or age pr‘gs%,o%%ﬁ[ 9 separate fromthe host processor ?.l,/gsﬁu)ﬁ[w‘to

i npl enent at 1 ons e parity data nmanager may be inpl enen
software including drivers, an oper ati ng system or an application, or

conbi nat | 000331, In rtain i at a _conput er

system n@&?ﬁlm Eggszsilﬁﬁﬁt e gﬂéeﬁe ?fé oS rtachl‘? cg‘\’ k@fiﬁ‘eﬁt‘”’o’qp

ge(r]I i alj Acbn@Anmd sheticdsniod logty akdt snmgcrdemes o) FIGSér iTak anémteamtee&@o 8e@sl 10 (SAS),
edundan n manages

access t %1013 ocg Sm{ %? %?% ﬂ?{l{'og%c?%oré) :3?158)) uc ht:eags a%ml{e%% (%y %ei[\'tsl @t drive,

t ape medams stooqgc ﬁQﬁe(b gl séa-vadatide st¢rage such asmpegnatio disk dxp\ree,rmmaédlslom'ves #he storage

contrgll . include a
i ved | B GBI Rordso ey AHRE hidn XL AR un BRI RO LDE 000 D
descr i beuetvark adsessiblsstorage oBipgrepe &ri the gerage§A6 arp tvkdadrintp ithermemeen i andy - Seri al

TN TS, « PR tsttbon oh f B ldfy i ket CKsb AR Brofalbr ety T e
SATA ar chiTtcaweantrel therstorage66.i Beechréhifeatire mbﬂesgsnetvque@dapﬁewt&t@mabl%r i al
ATA: H g&nﬁﬁﬁ?cgtlog%dhaal de?v&%‘ijlf]p\]_ g%%/%ﬁégﬂﬂ:ﬁ I aFlﬂ%@%mglel%blfrJt@@Lo Qg‘) Deta1f300034] I'n

certain | ment at1 ons ver an t or age pro essor enmbodi nent s
may Be mpﬂheﬁtbmwehar@tnte@ms@t@%@m@w tealetology m;créicanoa Bibeedrannsl | er to

render 'piaﬂn'g‘rahdggnamg%@Lﬂ&@p&&xm&@nmmdm £0¢gphed to the conputer system
i ncl udi nﬂ{? device driver and network adapter, such as a conputer system

conpri si Y039 e Enathsp thegerhitestise man, in ecspip embodimagnis inglde 2 viderqoptroliepdi9dhel d

conput er  rgider mfehﬁa%.maﬁ a JiSH1Yy mbdilr, Wtk BE9idRS QRRSIRS 5099&19&' slavprmesléd orer
enbodi ments nmay be inplenented in a conputing device that does not include

a vi deo &b‘ﬁ?"r%!dl°éFntengGGBI}tegrﬁe%‘é’chléPWWPFms@‘?Péﬁ‘?%?‘i Hr@otherbgardodisc engine is

showesl agisdigell, RerANT i REAEIERARSmAy hade malfplO EtofaBabdsOF Sont@ldas. ADRbut
Al ternativel é qthe | ogi ¢ _engi ne could have additional store queues or

r egi st er devicp3} lf»&ifrlaornrval? USEipRHt o R prpesesor 3P3ernd gy include ¢ kepbpagd.gpquse, o pe
gener at egen-smoﬁﬁ}ophdheCteadmermﬂvaﬂisﬁﬁsesaieéﬁ boiA§ othkmn%ﬁbﬂ\@ﬂ'lkplﬂﬁi%ﬂiaﬁfﬁm may be

confi gur rans dat a 0SS bl e .conpnected to a n the
ot vor k. S S AR PHBE fodrss 2 fap s LoP e R B on OB Oy be
confi gur pidcesdr 502ateotliet cahifonerd)\sath 23 a\displey Gisitor) phiter, korage, esannecti on, such as

20wl el e pirolb g LR P A o e =

aI t er nat bn/ardg,rﬁncmhsmaﬁmeratebmponﬁntdmaﬁ@mm(mlmgd dD@orﬂ@cﬁtﬁ&ﬂMBdird eraa di fferent

order, no oL, renpve oV, er to the above

Seser | bolrelst S soRMRARS mobtr SRS obREFBL bR P SR HERIE e ror t hor

oper ati oa@crd;esmr‘ipb}womwmmsz 30emiblistizA by el RCILSI. | y or certain operations
Yet further, oper perfornmed by a

may be p sed arall tions may be
single pt@gg@m ng rfg%‘}g ‘§§F"<HF%‘1 ‘?fl"b‘ePPéﬁP"iﬁ’f"GlFé@gPer&%Pﬁeiegted for the

25  purposes of illustration and description. The above specification, examples and data provide a

complete description of the manufacture and use of the composition of certain embodiments. It is
not intended to be exhaustive or to limit to the precise form disclosed. Many modifications and

variations are possible in light of the above teaching.



8 WD 2005/ 066760 PCT/ US2004/ 043040 [00038] FIG 9 illustrates one

i npl ementation of a conputer architecture 500 of the network conponents,
such as the hosts and storage devices shown in FIG 4. The architecture 500
may include a processor 502 (e.g., a mcroprocessor), a nmenory 504 (e.g., a
vol atil e mywvmAT BVLAEMED 88d storage 506 (e.g., a non-volatile storage,
such as magnetic disk drives, optical disk drives, a 5 tape drive, etc.).
The storage 506 may conprise an internal storage device or an attached or
net wor k accessi Rl P i . sforage 506 are | oaded into the
menory 504?and Ré@%@ﬁ?é§%§$fﬁﬁgggﬁ%§%§§%&9§8§'in a manner known in the art.
A storage procegassferfihg ¢®aldgid Eiine, DOV dagninCofivst @anstdr@psiacioagad 38@.in The
architecture further_includes a_network adapter 508 to enable caonmunication
with a net dsegend digapfen epeation: (ned Hett partyrdas & obirth Bansienpneraiioaendgdd, et c.
Details 10 - Ei Gy, i ture are described in the technol ogy
specificatﬁ%ﬁmﬁE?gygg%ﬁgnneqa?k?%ﬁﬁggkgﬁéHSignaling I nterface", docunent no.
| SO | EC AW 1418&neZdbing| 003D Jodrtiehdiae a fidve fiagt qlairitye dhtar esimmyaid inewcédts ai n
enbodi nents, include a video controller 509 to render information on a

di spl ay noHrassiredpieraid hegici angdce dmtsart Ifest tassierarerationpraidediedpton  a

vi deo card i rat i : i i t t he

ot her boar S HERAAE bBC chithe B Sl Sefllarlok MEORER, nd RHILRFERD.

mul ti pl e spaitadetaaeanefered teid togid @igine iABaidnpiud tragkdert eed 510 is used to

provi de user input to the processor 502, and may .include a keyboard, nouse,
pen-styl us, ni cEBSHERE, Nts3IICIREicsHEINS) &/BEVAiSGINd \PaE B dald USIHE saidyedt Alp

act i vat i 0Ny ek ARUIko MBEN3RE Mgt RO il G BhhsterNopOtiBh! sflgVbiBegnd2 | s
capabl e of rendering Information transmtted ron1tRe processor g , or

ot her conpaaesfitrredstochidalog ethighiel iagaidoacdndrtranpfer bp@ntiorstand agid, olé seon@0

00040] The st troll 506 and th t k adapt 508 h b

| pl et 6B GARBS ISl S 1 P aH 1B pBAEE APRESRBonnect (PCl)
card or sone other /O card, or on integrated circuit conponents nounted on
the not herboard. Details on the PCl architecture are described in "PCl

Local Bus, 2Rev. TRe 3igthg@lubf ickiredl lhetelve sBClolEIdara, oD €idst |patibye ddtarangoildg
description of vanio&g enbodigents has heen presented fqr the _25 purposes
of i1l ustraqqoa%lpa?w ; 38F fotf’_fe il f;rﬁtélﬁat? \ﬁéta? %rte f%caoaﬁg ur Q;aﬂ?EtBEagﬁnd dat a
provide a ggeQpRl ete description o e manufacture and use o e
conposition of certain enbodinents. It is not intended to be exhaustive or
tolimt to the precise formdisclosed. Many nodifications and variations
are possible in_light, of e apove teaching...9 T IS CLAIMED IS 1. A

met hg d of h,D di f g }‘ﬁgﬂe&?‘lﬁl %écpadm 2 Feig is%lazpllgrahty of storage devices are arrange&

in a Redundant Array of Independent Disks organization.

4, The method of claim 3 wherein said new first parity data is horizontal parity
data.
5. The method of claim 4 wherein said new second parity data is diagonal parity
data.
6. The method of claim 1 wherein said generating in said logic engine a new first

parity data includes applying said new data transferred to said logic engine in said
first transfer operation, to a first store queue of said logic engine and performing an

exclusive-OR logic function operation on the contents of said first store queue and

10



transferring to a logic engine, new data in a first transfer operation, old
data in a second transfer operation; old first parity data in a third
transfer operation and old second parity data in a fourth transfer
operation; generating in said logic engine a new first parity data using

sai d new dedid appliednsnedatedaridowherieth dadDpeneeatidiie shid 19gictenigidesievi saabsad er
operation, said old data transferred to said logic engine in said second
transfer opdHutdaininchidgs applying) @id nev datagtzgnsfegred 40 Said Wgir ergiegin #idaj d

| ogi ¢ engi Ry insd! Shekdtidndid 538 ﬂrsioré‘gge&eé}%ﬁ‘it fodg ér%g?e?igﬂ'% h?%&fngﬁ gine a

new second parity data usrng sald new data transterr c engine
in said fiastxdluansOfr logpefuattii@nopesatiot @l e daht@ntstaf aasif ecoedstve @rie | ogi C
engine in sajd. sec ,ng transfer operation, and said old second parity data
transferreff %‘l‘iﬁ? e ggVdatingi ne in said fourth transfer operation. 2. The
met hod of claim1 wherein said old data, old first parity data and old
second parity data are stored in a stripe of data stored across a plurality
of storage7. devifhemetlidd offctnimet Whelemfsaid gehenafingiresadd fogsadging ame fitsy of

storage devices are arranged. in, undant . Array of | ndependent Disks

or gani zat i Bﬁ‘f.lty_zfj.atarH@?Wﬁﬁ RBBine aliiomatm@péﬁeﬁe%ég daifelRei FRENGHY P31y data is
par £y dat S e e, s A T el Bl P ELR ah e O e
gener at i ngai exdhasict-DBglogicefnnitiva aperntianfonrtist compents bfsaithfiest Stood qubes aappl Vi ng

said new data transferred tqQ said logic engine in said first transfer
oper at i on, Sqig agplise ol ia[taoraégd"’u]%eﬁ%mogﬁl gAngraHipg iy S%‘HZIP%I(S ngHeIEMY 87 hg an

excl usi ve- OR: iC i i t : S i -ystore
e om0 B TEADES LPLREERY L 490 (HERRETh BBl T s 20,

| ogi ¢ engi sEonéviranefzompergtian] ty sdalt second |stote sjuapplofi sagd dedid engimedand

transferred to said logic engjne.ipn said first transfer operation, ,to a
Seoond st oPETdIS B eRdus UL Tis hyther onsriGhet BRramr SRt St PaeMde. or
| ogi ¢ funcli,ARAELAL §BDoRIYdifie contents of said second store queue and

said applied new data. 7. The method of claim®6 wherein said generating in
said logic engine a new first parity data includes applying said old data

CraneT o Lo T8 08§ SO IOukB B GRS RIS RT A BBy o sai
parity data includes applying 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
performing an exclusive-OR logic function operation on the contents of said first
store queue and said applied old first parity data, and wherein said generating in said
logic engine new second parity data includes applying said old second parity data
transferred to said logic engine in said fourth transfer operation, to said second store
queue of said logic engine, and performing an exclusive-OR logic function operation

on the contents of said second store queue and said old second parity data.

9. The method of claim 1 wherein old data is transferred to said logic engine

from a volatile memory.

10.  The method of claim 2 further comprising overwriting said old data in said

stripe with said new data, overwriting said old first parity data with said new first
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an exclusive-OR logic function operation on the contents of said first store
queue and said applied old data, and wherein said generating in said |ogic
engi ne new second parity data includes applying said old data transferred
to said logic engine in said second transfer operation, to said second
store queugariy daal ghdl ®@rerigngbdié oldBetond @afiQr ddtn ovithnsakX a¢wiSes@rdFaritgi C
function $$§ration on the contents of said second store queue and said old
data. 8. a.met hod of claim7 wherein said generating in said | ogic engine
a newfirst parity data includes applying said old first parity data
transferred to said logic engine in said third transfer operation, to said
first storel.quede aficlsatanpragigs aengiape nagithm péef soragagnediumx cémpiisieg OR | ogi ¢
function operation qn the contents of said first store queue and said
appl i ed ol Baghipgtea ?FV“HQF%?SEHHT&ﬁ@P%Fﬁ said generating in said logic
engi ne new secophspalh o delRChtdesdRR! HishlandhbRtdichceRnthpRrd Y dafa
transferred to sald logic engirne 1 n sald fourth transfer operation, to said
second st osceond)trensferobpesatich; lobd)ificst gragityndata amd thed ftempfen @pamntiex ahdild/e- OR

| ogi ¢ function oper%ti on on the %antent,s of said second store queue and
i

said ol d s¥CORYPHHY datp 1padaurthytransiet opgiRHERY of claim | wherein old data is
transferred to i 1.G: NGt : | JBIL: e t hod of
claim?2 furt herg%fgﬁa{)% ?lglsﬁlg g%e?&ﬁ%% %gh@;fggtgkédhgat a i %Méasljagd ng{‘]'r?ag% W th
sai d new datmsfermdetowsiidi hapis aingingl th fsaids firpatradsferd apearatioit, hsasdi @d néata f i r st

11 parity data and ove Lting said.old second.parity data w.th id new
second par TE3STcrtess tg Seih [ogiey eBIRg &) daif SReSPHSTARGEch CBEHSEeA W{,mf B stor age
medi um Conpriss g raRBEHEA S SLARARR! &ghshMathiAN8aRkEQ! #gh t hereon to: transfer
to a logic engine, newdata in a first transfer operation, old data in a
second transf er gopeatain emd logid dnigmsta pew istgondapaaity Wa@ usmg shid mamsdaa
operation and 0-'% seconﬂ arity data in_a fourth transfer o erlati on;
gener at e i RASEETEFY) &yisgide %ﬁﬁee oW R S5 aFRRser QP nifd 818 v dat a

transferregd,i@eradi shf@l%%ic%‘ﬁ@fn@% Isfid Sedhdfdansfer Bﬁé&%rﬁﬁn@@ﬁﬁaﬂ& Stongai d ol d
data transferred to said logic engine in said second transfer operation,

and sai d opatitf idawttranpfarred yo shad Wgia engsfeanisad fowtlstiargfdrogemtiengi ne in sai d
third transfer; and generate in said |logic engine a new second parity data
using said new data transferred to said logic engine in said first transfer

operation, jsai dTRé drtfddd 8f claim 11 wherein said old data, old first parity data and old
second parity data are stored in a stripe of data stored across a plurality of storage

devices.

13.  The article of claim 12 wherein said plurality of storage devices are arranged

in a Redundant Array of Independent Disks organization.

14. The article of claim 13 wherein said new first parity data is horizontal parity
data.
15.  The article of claim 14 wherein said new second parity data is diagonal parity
data.
16.  The article of claim 11 wherein the machine readable instructions to generate

in said logic engine a new first parity data include machine readable instructions
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transferred to said logic engine in said second transfer operation, and said
old second parity data transferred to said logic engine in said fourth
transfer operation. 12. The article of claim 1l wherein said old data, old
first parity data and old second parity data are stored in a stripe of data

stored acras@danphes@tdgeymafiumtionpple saidenive ésta trhdsfertb® tasdid ¢dgge efigiad ai m 12
wherein said plurality of storage devices are arranged |n a Redundant Array
of | ndependetftd BirEkEarsteganesatonot a1frst $ieee greuecph sy legisi A apbi®in said
new first ity d kS, ARl : YE [ claim
14 wher oi naur s B0 B aRpSERT AP eltigna?l e bRientt SRRV e g
article ofquaiamllsail adpdieeinewt deta, aad hivlreeein eéhel alzchine nsddablzt instmsctionas gener at e

in said logic engine a new first parity data includ chi ne readabl e

| nstruct | oRTeD 13 181 PN epﬁ{éles%%f S5 (i 4% aBPgE é%acgmﬁewag%?%
transterregf-Q.a Qtok&gb&ttﬁ”s%ﬂage rﬂeHiuﬁ@{od%ﬂ;Jh} §£idt1{egﬂ&£t§'ira9£€ﬁ {PBigto a
first store queue of said logic engine and to performan exclusive-OR |ogic

functi on opgicatigime onsdildirsotramsfidrsopefat®al b hisesdnds storeequapgeafesaah dogai d

appl i ed new data, ,and erein the hi ne readabl e instructions to .generate

in said | offi&N%ABt e pﬁ%@&%é&&ﬁ&lub%{g?ﬁij'l%ﬁ Hncler QRFatier AP e FRIEDIE

instructioggq %Bﬁ@&o%&eﬂ@aﬁ oL @gsplFRGWMatL apply said new data transferred
e idf

to said logic engin n sai Irst transfer operation, to a second store
gueue of said logic engine, and to perform an exclusive-OR | ogic function

oper ation t he cont ents  of aid second store ue and. said applied new
data. 17. The affy erBicct Lo b TEALEAChE TRaChITESFUAaRbICETRENS uct | ons
to generatg ofif I&8t (%nlgf?lg'&n@\&}gﬁﬁ? p@rit@e&{ti ik SbdePRtkike daidBbleNmkiggiopgchi ne

readabl e instructions™ stored on the storage nediumto apply said old data
t r ansf er r estoted opahel stomgie eneslingh neapply sadiot] dae oankftraitsfserd logiereaginem to sai d

first store.queue of said |ogic engi and to erforman exclusiye-OR | ogic
funct i on.ob 3t300H TS ERePEBRbErooR Tshrtrs Aref e $HE 1ok Shenta &g

appl i ed ol gerfihfan BRGUAEOR R lRnBRGH RBatiRaCR RlcCdnhdty HCddi @ AiSst lsRyre gENET At €
in said |ogic engine new second parity data include machi ne readabl e

i nstructi onecustandexdidbapplied dltl glateg@ndredicvem tthe apphipe yaidiblsl vistadtmns tansf er r ed
to said logic enﬁi ne, in.sai d. second tr@nsf er %Ber.ati sai cond

_ to.said
store queuTBIAE Al FAhPac WREFNRS™ RPTo PHEY s Tt A S PasBinFo @il g ¢
function opgfradticRs stied bE tOBRLRRE M@K ium to apply said old data transferred to said

logic engine in said second transfer operation, to said second store queue of said logic
engine, and to perform an exclusive-OR logic function operation on the contents of

said second store queue and said old data.

18.  The article of claim 17 wherein the machine readable instructions to generate
in said 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, and wherein the machine
readable instructions to generate in said logic engine new second parity data include
machine readable instructions stored on the storage medium to apply said old second
parity data transferred to said logic engine in said fourth transfer operation, to said

second store queue of said logic engine, and to perform an exclusive-OR logic
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said second store queue and said old data. 18. The article of claim17
wherein the nmachine readable instructions to generate in said |ogic engine
a new first parity data include nachine readable instructions stored on the
storage nediumto apply said old first parity data transferred to said

| ogi ¢ engi ffctich sgratidnhbn the canaftebf epidrsetiminstoteoqeat dnlli sakt okt @cendjueue of
said logic engine and to performan exclusive-OR |ogic function operation
on the comkaY §atdf said first store queue and said applied old first parity
data, and wherein the machine readable instructions to generate in said

| ogi ¢ engi ne new second parity data include machine readable instructions
stored on the sTiar agelenefdelann tid wigrbiy ddiddtaoisdrasfeored topaid togidedgne
transferred to s i,(il |l ogic engine in said fourth transfer operation, to said
second st %m&d/é’@él OfMCEWINY | ogi ¢ engine, and to perform an exclusive-OR

|l ogic 13 function operation on the contents of said second store queue and
said old second parity data. 19. The article of claim 1l wherein old data

i s transfetl.ed Tle saide |dgclainendd rvherdin othie astvrap@tméedume fiother &nprihe articl e
of claim 12 wherein the storage nediumfurther conprises  nmachjne readabl e

i nst ruct i ofachiporeadeln EsEYAIG 56%? 7o le4rarNa S ald (At HkiHPHe with
sai d new dahfsa@ ROMAd ORI Ghid dih FRk AR dafo A Rald Ad FiRl: Gaflidd Tt
parity data and overwite sard old second parity data wt ald new second
parity datand dvérwrite said old second parity data with said new second parity data.
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