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FI ELD OF THE | NVENTI ON The present invention is directed to RAID Je i[i @
More particularly, the present invention is directed to striping data on a
RAI D device using nultiple virtual channels. 10 BACKGROUND OF THE | NVENTI ON

Redundant Array of | nexpensive or |ndependent DI SKS (" RAI [} i re an
i ncreasi ngly popular way to store |arge anmounts of conput gﬂml.wmmmmWIE
devices typically consist of a RAID controller and nultiple Tow capacity
personal conputer type disk drives that are bundl ed together to form a

single high capacity drive. A 15 RAID device is usually le t han
conventional high capacity drives because the personal congmu“mmﬂrmmmmmml ves
are relatively inexpensive based on their high volune of produckign

Because RAID devices include nultiple disk drives, the probability that one

of | RAID STRIPING USING MULTIPLE VIRTUAL CHANNELS

5 FIELD OF THE INVENTION

The present invention is directed to RAID devices. More particularly, the
present invention is directed to striping data on a RAID device using multiple virtual

channels.

10 BACKGROUND OF THE INVENTION

Redundant Array of Inexpensive or Independent Disks (“RAID™) devices are
an increasingly popular way to store large amounts of computer data. RAID devices
typically consist of a RAID controller and multiple low capacity personal computer
type disk drives that are bundled together to form a single high capacity drive. A

15 RAID device is usually less expensive than conventional high capacity drives because
the personal computer type drives are relatively inexpensive based on their high
volume of production.

Because RAID devices inciude multiple disk drives, the probability that one of



1 7 APR 2003 the drives will fail at any given tine is relatively high An

i dsue with RAID devices is howto avoid the |oss of data when one1drAMhM%
of the drives fail. One solution to this issue is to "stripe" a single data
bl ock across multiple disk drives in the RAID device. The data block is
striped by breaking the block into nultiple pieces or portions and 5
storing each portion on a different disk drive. Frequently, parity
information for the entire block is stored on one of the drives. If a
single drive fails, the piece of the data block that was stored on the
failed driveugamvee wigdssenblyedvdasae isoridiheyrgmi pinngsyeow ith@usidietite idat a
bl ock and the parity information stored on the other drives. U S. Patent

No. 4,761, 78 iS¢l f I i.ce. that, perfo t.ri-ping.
10 1’ most  RATD GEURIEEe M LA uBelindo R 7, Tk Pl EHE TR b B e
piece to the RAID controller. The RAID controller nust then partition the
dat a bl ock i ises ¥upt PpIng” subnal datk block arwss mpdipde giskidrivepipdic RANE dekish
wite the sub-blocks and parity block to the disk drives. Because the RAID
control l er i gheaguibiesk iauped beoraily @E bldRssoghepplegaetst dmpordotkedral bl ock
is stored, the RAID controller causes sone delay 1 S when data is stored on

a | D device,. . el ay. j Y. slow 1 pr $ rpi
Gard on a Rt B Bee o g 3R s b IEILC s SRR B LB i R
met hod and apparatus to nore efficiently stripe data on a RAID device. -2

1 7 APR 2003 SRR iostoreq on pngveiNTe dNvenelf anietlt deiie (ofs, the pee sbHe data
Invention is a RAID device for striping a data block across N disk drives
The RAI D devibRrek tieg &iagasorad i Qea@ged @anesit: Heremsamblestbased on the remaining
portions of the data block and the parity information stored on the other drives. U.S.
Patent No. 4,761,785 discloses an example of a RAID device that performs striping.
i0 In most RAID devices, a host computer sends an entire data block in one piece
to the RAID controller. The RAID controlier must then partition the data block into
multiple sub-blocks, calculate a parity block, and then write the sub-blocks and parity
block to the disk drives. Because the RAID controller is required to perform all of
these steps each time a data block 1s stored, the RAID controller causes some delay
15 when data 1s stored on a RAID device. The delay can detrimentally slow the process
of striping data on a RAID device.

Based on the foregoing, there is a need for an method and apparatus to more

efficiently stripe data on a RAID device.



conputer for the data bl ock, and creates N virtual interface ("VI") queue
pairs. The 5 queue pairs formN virtual chantels to the host conputer
Further, the RA3D device posts a descriptor to each of the queung@hqﬁﬂ
v,~ith each descriptor referring to |/Nth of the data bl ock. Further, tThe
RAI D device receives 1 /Nth of the data bl ock over each of the virtua
channels and wites each received |/ Nth data block to a different one of
the N di sk droves 10 BI ZTEF DESCRI PTION OF THE DRAWNGS Fig. 1 is block
di agram of a conputer systemin accordance wi th one enbodi nent of the

present inventionSUM S ) IOMf the steps executed by a RAID

device in one 15 enbodi nent of the present invention when a request is

received froma Nest oGOIRHERN of Be PIRER 1Ay AR iDlaEXID Retide fB%tQpﬁ@‘éL&?aD

DETAI LED DESCRI PTI ON One enbodi nent of the present invention is
devi ce t hat ansfers a.data -3 7 APR.Q003 bl ock over multiple virtua
channel s usi h&’c L AF0P% Uaﬁ’&l #ff‘i?rsf J@@.JRAI'Pn‘%CV FGCHIVES QiSTTAaT TCEREREPE adieh

transfer a portion of the data bl ock, and the portions are striped across
nm npl e di skcanpuesfor Biegdatd blosk .aand|coziiesdi agmaah inferface 6MPLTD euesy stiem The
accordance with one 5 enbodi ment of the present invention. The conputer
system 100 | _E]Eédécfﬁﬁs FortPRLVIROATRUE ST skE (SOHR @8niRitd@, RAIHHEMiCRARD dediast
conputer 10 is coupled to RAID device 40 mlig. 1 via a direct connection

30 such as a_single wire or |tir~le wires . .
POsts gdescnptor 1o CECWJOf d}e queue pairs, with each descriptor referring to 1/Nth of

the data block. Further, the RAID device receives 1/Nth of the data block over each
of the virtual channels and writes each received 1/Nth data block to a different one of

the N disk drives

10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is block diagram of a computer system in accordance with one
embodiment of the present invention.
Fig. 2 1s a flowchart of the steps executed by a RAID device in one
15 embodiment of the present invention when a request is received from a host computer

to store a data block in the RAID device

DETAILED DESCRIPTION

One embodiment of the present invention is a RAID device that transfers a data



However, in other enbodi nents) host conputer 10 can be coupled to RAID
device 40 using any known nmanner to transfer data, including smﬁ &@?ﬂ
conput er network, 10 and wirel ess techniques. lurther, additio JI onput ers
and ot her devices may be coupled to RAID device 40_ Host conputer 10

i ncludes a processor 12. Processor 12 executes a software application that

i ncludes a driver 14. Host conputer 10 further includes a nenory 16 and a
transport 20. Host conputer 10 further includes a network interface card 15
("1VIC') 25 that couples host conputer 10 to RAID device 40. Host conputer
10 conmunic t I o} ing a
Virtual Int 2Dr %céé\aek Wﬁﬁﬁeq’gﬁ% |#§Etﬁﬂ?ggnyﬂ ar cﬁ%?g!%lt lI:J)rﬂé-,iéa}pﬁruﬁ1 ]dglgut% he
illusion of a dedicated netu~orJt interface to nultiple applications and
processes sﬂ%@@%%m@ﬁﬂéﬁyﬁﬁfﬁd§”“9pFE&@?@%@h@thﬁ@‘PﬁpéﬁF§ééﬁiﬁUP%H%W”Sa Vi
architecture defines a -4 1 7 APR ?003 standard interface between a ~, ~I
consuner andp@ngicdiskorieesnet works. Jn the present ~m-ention, driver 14 can
function as a V'I consuner. In one enbodinent, the V1 architecture used to
i npl emented the sen , rface
Architecture S~e2ﬁgcgt%%hn%§?§?@%' %gkéﬁ%ﬁﬁggsbpl@hﬁg?%%ég?#”hB§@announced
Decenber 19, 1997 by %bnpa Corp I nt el rp., and Mcrosoft Corp. The Vi
Speéi ficati c?r‘i“tloguﬁ%lq ab Ereé‘ﬁm\ﬁﬁbergiot“e Wetﬁ?mﬂ“&ﬁmy@‘fﬂé}r@@ 1Beiyresgh! “%She
Internet. The VI Specification defines mechanisns for |owlatency,

hi gh- bandw diohipes 98geupragb rgRAéD-deesn 40ntidost competee dO nodesland RAID

i nterconnected storage devices. Low |l atency and sustai ned hi gh bandw dth

are 10 achi %\é@fée% Av9h di B THREAr&AhaliRnCRRLER a0h sHRiewARD YRGS Qs t he

operating syst
However, in other embodiments, host computer 10 can be coupled 10 RAID device 40
using any known manner to transfer data, including switches, a computer network,
10 and wireless techniques. FFurther, additional computers and other devices may be
coupled 10 RAID device 40.
Host computer 10 includes a processor 12. Processor 12 executes a software
application that includes a driver 14. Host computer 10 further includes a memory 16
and a transport 20. Host computer 10 further includes a network interface card
15 (“NIC™) 25 that couples host computer 10 to RAID device 40.
Host computer 10 communicates with devices coupled to it such as RAID
device 40 using a Virtual Interface (*V1”) architecture. A VI architecture provides
the illusion of a dedicated network interface to multiple applications and processes

simultaneously, thus “virtualizing™ the interface. Further, a VI architecture defines a



when sendi ng and recei ving nessages Od~er architectures that performa

sum ar function as the VI architecture disclosed in the VI SpeCifi$?Hg%WMB
can al so be used to inplenent the present invention, and therefore

present invention is not limted to a single VI architecture. 15 Transport
20 includes a plurality of VIs 21-24. Each VI 21-24 includes a queue pair
("QP"). In accordance with the VI Specification, a QP includes a send queue
and a receive queue. RAID device 40 includes a plurality of dish drives
60-63. Disk drives 60-63 are coupled to a RAID controller 70. RAID

controller {0, &XAGHERR S beRkeh SOONRERECIT Fhe arlmr AL GROS 1Mk hrakar | ng

and retrieving data and fromdi sk drives 60- D cont

i ncl udes a nenory storage area 45 that jIncI udes a nunber of nenory storage
| ocati ons 4BMADUORAITEYcHehdi @ TAOCHAT tSfel) CARSBWES a transport 50 coupled to
a NNC 42. NIC 42 5 couples RAID device 40 to host conputer 10. Transport 50
i ncl udes a nunbeiin ofie ERHoBERGA, Me(@P drphiR&hie dead wan}lenamcdahe pres@s pondi ng
VI in host conputer 10 form endpoints of a virtual channel between RAID

device 40 a : C I . i ; i t
bl ock on RA egg@éggﬂ%%?&%hg%%g\hg¥ﬁgﬁm??§ g¥r|@g?r - i ?e 2%¥gogqéﬁas

"“N') equals the nunber of nenory |locations 46- 4% t he_nunber 10 of QPs
51554 and 1 HEC HOEFCGRa YRR Iormunced fiscemBeralD. 097 b8 GRIKt ek el Bei ng
striped across N disk drives) RAID controller will have N nenory | ocations,
transport 5Qon |, lanbhaerddo@PSorpantihde VhSppofitatidf inwavdilahkwe Weicorr espondi ng
VIs. The N Qs and the N VIs formendpoints of N virtual channels
http://www.viarch.org/ on the Internet. The VI Specification defines mechanisms for
low-latency, high-bandwidth message-passing between interconnected nodes and
interconnected storage devices. Low latency and sustained high bandwidth are
10 achieved by avoiding mtermediate copies of data and bypassing the operating system
when sending and receiving messages Other architectures that perform a similar
function as the V1 architecture disclosed in the VI Specification can also be used to
implement the present invention, and therefore the present invention is not limited to a
single VI architecture.
15 Transport 20 includes a plurality of VIs 21-24. Each VI 21-24 includes a
queue pair (*QP”). In accordance with the VI Specification, a QP includes a send
queue and a receive queue.

RAID device 40 includes a plurality of disk drives 60-63. Disk drives 60-63

are coupled to a RAID controller 70. RAID controller 70 cxecutes steps in connection



W.t hi n conputer system 100, driver 14 is referred to as an "initiator"
because 1 _5 it initiates requests for storing or retrieving data. {7 App 2003
contrast, RAID device 40 is referred to as a "target" because it responds
to requests frominitiators within conputer system 100. RAI D device 40
responds to requests by, for exanple, storing data on drives 60-63 or
retrieving data fromdrives GO-63. Fig. 2 is a flowhart of the steps
executed by RAID device 40 in one _6 1 7 A PR 200 enbodunent of the
present invention when an 110 rEquest is received fromhost conputer 10 to

store a datayhl 9Knk @nmtﬁegﬁgi(ﬁ@a ®Qndffonh 8isREPNELE0-LhAtR KA RodgYyiGer @0

stripes data bl ocks across di sk drives. The request is received at step

110 and includes the |ocation i .16 .0f 5 host ter 10 where th
data bl ock 1B GRGEHCTRR VaREE4 St b Be! TRBCR bTHBRIGa M PROR PSCHE on of

menory 16. In accordance with the VI specification, drover 14 posts a
descri ptor ileatuongfed9s to the 110 request (i. e. , specif es the |ocation
in nmenory 16 where the 110 request is stored) to a send queue in transport

20. Driver 14 thepAlD agsic@409onRa! ihclfesM kardBort Sh@od9ed behI NIehd s Y425 to
| ook in the send queue for the 10 descriptor. NiC 25 then fetches the

conecti on 30 PR Betprechiid Baffsrdfpl R, PBSGET R e kS W R RTRCEES

40} of the I1Orequest also has a NIC (i.e., N C 42) that receives the |10
request messalgéd f ;lcﬁi’o@ﬂip?é& doncet) afhe corfaspertu@e ¥ imbesiaagenpuern Hi farm

i nformation specifying the location in host 15 menory 16 from which the
data is to bedpBvehf aavictusiR@ahhélagtwameainNddNDIEa Best 48nipue:rdat ald énet 0

be stored. The location in host nenory 16 is specified with a virtual
embodiment, when storing a data block on RAID device 40, the number of disk drives
60-63 (referred to as “N”) equals the number of memory locations 46-49, the number
16 of QPs 51-54 and the number of VIs 21-24. Therefore, if the data block is being
striped across N disk drives, RAID controller will have N memory locations, transport
50 will have N QPs, and transport 20 will have N corresponding VIs. The N QPs and
the N VIs form endpoints of N virtual channels
Within computer system 100, driver 14 is referred to as an “initiator” because
15 it initiates requests for storing or retrieving data. In contrast, RAID device 40 is
referred to as a “target” because it responds to requests from initiators within
computer system 100. RAID device 40 responds to requests by, for example, storing

data on drives 60-63 or retrieving data from drives 60-63.

Fig. 2 is a flowchart of the steps executed by RAID device 40 in one



address nenory handl e pair in accordance with the VI specification. RAID
devi ce 40 uses the information contained in the I/0O request messagé % APR 2003
buil d descriptors to acconplish the actual data novenent from host conputer
10 to RAID device 40. For ? 7 APR 2003 exanple, in response to receiving
t he request from host conputer 10, in one enbodi nent RAID device 40
initiates a data transfer from host conputer 10. The data transfer is
initiated using a VI Renote Direct Menory Access ("RDVA") transfer
facility. 5 At step 120, in one enbodi nent RAID device 40 generates N

vi rtual chanmébdiant of thediresent ingamectlicorndoO réqeesyisriecaied fimnnbds ar e
generated by creating N @QPs 51 54 in transport 50, and requesting host

conput er 10c§r9p1%f3§‘© %o NoM £ dfd vk il RATBNRANEL 42 0e b AssRNRINGA RAROHelREL

the N virtual channels were previously generated before the request at step
110 was recejved. 10 At step 130.., RAlLD device 40 posts descriptors to each
QP 51-54. T QSH%&%’P&%P@%B%?W W’f&td’b"&éh QP 51-54 should move || Nth of
the data block stored in nmenory 16 across the virtual channel associ ated

wi th each QP 51- 94e¢ raquesidiatreceived mhgep bl enll awhoks thchlocstion vamenioanhélo§ i n
accordance with the VI specification. At step 140, the i INth data bl ocks

moged by eagh @nphrer4 085S HRIRH B1BckIR sBERT DiNG Al 96s 48 10 RLudRWPLY
45. Each I/Nth data block is stored in a separate nenory | ocation 46-49.

Stored | n miROFS" 4RO 81 TLpERtdeBre e, T SoSRE s R ErBF L PR
original data block is striped across disk drives 60-63 because portions of
t he data bl deknaios ibatirefeentottbe ¥&ctequegt (1.€., specifies the location in memory 16
where the 1/0 request is stored) to a send queue in transport 20. Driver 14 then rings
a doorbell in NIC 25. The doorbell tells NIC 25 to look in the send queue for the
10 descriptor. NIC 25 then fetches the descriptor and performs the task. The task places
an I/0 request message on connection 30 to be transmitted. The receiving device
(i.e., RAID device 40) of the I/O request also has a NIC (i.e., NIC 42) that receives
the 1/0 request message from connection 30.
The 1/0 request message contains information specifying the location in host
15 memory 16 from which the data is to be moved, and specifies where in RAID device
40 the data is to be stored. The location in host memory 16 is specified with a virtual
address memory handle pair in accordance with the VI specification. RAID device 40

uses the information contained in the /0 request message to build descriptors to

accomplish the actual data movement from host computer 10 to RAID device 40. For



1 7 APR 2003 drive 60-63. Parity data may al so be generated and sigx&%zb&
di sk drives 60-63. The parity data may be generated by RAID controll ,
or by host conputer 10. As described, the RAID device in accordance with

the present invention uses 5 the services of the VI transport to partition
a single data block into N sub-blocks at the sane tinme that the data bl ock
is being transported fromthe host conputer to the RAID device. Therefore,
the RAID controller io the RAID device does not have to partition the data
block in order to stripe the data bl ock across N disk drives. The present

invention alxh@pr, ihespenefid récafinRAOrdgued. frohGscashsneti Bksin diegh 10
performance and high reliability) wthout requiring a sophisticated RAID

cont rol ler gt DRULY SEHL hOGiRaRELREORMEOL] BhualosBbmbSERSE HAE dau

responsibilf?les 0 rolter are nerely om
“"N' nenmory locations to the "N' devices). Further, the |atency that is
caused by t'Fasiaispngbed eiipgp YoRewatschuectdamens Asegss ( RPMheT) Barsfart y of
the RAID controller can be inplenented in software. 15 The present

i nvention ah&htyprovi des benefits when data is read from RAID device 40 by
host conputer 10. For exanple, when reading data, RAID controller 70 does

i 0. For e wher ta, RAID contr .
rotory 45 bef or & 1ot ol SRERNRRIEATRAD pBiies dh haiRs i A lRvb P

Thus, as soon as_any one of disks 60-63 has finished returning its I/Nth to
one of the qqrqﬁ,p(gﬁg; qogg%gqoar%o._a’ﬁe virqua} chpmelsoarg generated by creating N QPs 51-

54 in transport 50, and requesting host computer 10 to create N VIs 21-24 in transport
20. In another embodiment, the N virtual channels were previously generated before
the request at step 110 was received.

10 At step 130, RAID device 40 posts descriptors to each QP 51-54. The
descriptors specify that each QP 51-54 should move 1/Nth of the data block stored in
memory 16 across the virtual channel associated with each QP 51-54. The data is then
moved across the virtual channels in accordance with the VI specification.

At step 140, the 1/Nth data blocks moved by each QP 51-54 are stored in

15 memory locations 46-49 of memory 45. Each 1/Nth data block is stored in a separate
memory location 46-49.

Finally, at step 150, RAID controller 70 writes each 1/Nth data block stored in
memory 45 to a different disk drive 60-63. Therefore, the original data block is

striped across disk drives 60-63 because portions of the data block are written to each



in menory 45, RAID controller 70 can begin noving that pan of the q'PﬁFRQ@K
host nmenory 45. Several enbodinents of the present invention are
specifically illustrated andl or described herein. However, it will be
appreci ated that nodifications and variations of 5 the present invention
are covered by the above teachings and within the purview of the appended
clains without departing fromthe spirit and i ntended scope of the

i nvention. For exanple, although nenory 45 is located within RAID
controller 70, it can be |ocated anywhere it can be coupled to RAID
controller #es0d® 1 7 APR2003 123 4567891012112 WATIS
GLAIl VIE17 I'S: 1. A nethod of striping a data bl ock across N di sk drives,

sai d nmet hod co ising; (a) receiving a,storage .reguest fr st ..
conputer for t ggﬁﬂé[?'éﬂfﬂ I&‘@&;a]?(bs)e &?%gﬁlff}]gﬂdﬁf‘%%?’t'ﬂ%%ﬁ ‘?S{fveersf(’g)ggef(we) Pieue
pairs, wherein the queue pairs formN virtual channels to the host

conput er; (@2 postberggnarakdsby iRtldr corvradlge RO.ofr pihbogewpuisailPs, each
descriptor referring to I/Nih of the data block; (d) receiving IINth of the

data bl ock over gadBsc?foctiheheVRAIDalevikbanb@losdandddifhathe Wrdsehinigva@aeh ukgcei ved
[INth data block to a different one of the N disk drives. 2. The nethod of

L8 L LSS ko DS PR THA F TR Sl SR R
send. 4. The nethod of claiml|, further conprising:
same time that the data block is being transported from the host computer to the RAID
device. Therefore, the RAID controller in the RAID device does not have to partition
the data block in order to stripe the data block across N disk drives.
The present invention allows the benefits of RAID (e.g., low costs disks, high
10 performance and high reliability) without requiring a sophisticated RAID controller,
or without requiring a RAID controller at all (since the responsibilities of RAID
controller 70 are merely to write the data from “N” memory locations to the “N”
devices). Further, the latency that is caused by the RAID controller is reduced, and
the entire functionality of the RAID controller can be implemented in software.
15 The present invention also provides benefits when data is read from RAID
device 40 by host computer 10. For example, when reading data, RAID controiler 70
does not have to wait to finish reading data off all of disks 60-63 and into memory 45

before it begins writing the 1/Nth blocks into host memory 16. Thus, as soon as any

one of disks 60-63 has finished returning its 1/Nth to one of the N memory locations



initiating a VI Renote Direct Menory Access in response to the request. -11
1 7 APR 2003 1 5 The nethod of claim~t, wherein the VI Renote D rqcﬁApﬁ 2003
Menory Access is 2 initialed by the host conmputer. Z 6. The nmethod of claim
4, wherein the VI Renote Direct Menory Access is 2 initiated by a Redundant
Array of | nexpensive Disks device. 1 7. The nethod of claim1) further
conprising: 2 storing each I/Nth data block in a nenory coupled to a
Redundant Array of 3 I nexpensive Disks controller. X 8 A Redundant Array
of I nexpensive Disks {RAID) device for storing a data 2 bl ock received from
a host COWDFH RlemoPil 8l RAID HRiYbI& 'Rpéﬁ?xrﬂeglnr}ﬁévi?rg alRPhiP of Y bREL & hot N di sk
drives coupled to said RAID controller; a transport coupled to said RAID
controller; and 6 network interface controller coupled to said RAID
controller; mf‘%r“gi n when the data block is being stored, said transport
conprises 8 Nvirtual interface (VI) queue pairs that form N virtual

channel s to the Begral-eigbodiriens APRe2OOS N inyemtput axe spaskferadynilastraledyarsiier
pairs recc~ved IINth of the data bl ock over the N 10 virtual channels; 1 |
wherei n sai def2fbEd 6RIT OHbREVArS iddAPbEShQided thet £BEHicRfiordshind! vaahoflaba
blocks 12 to a different one of said Ndisk drives | 9. The RAID device of
claim8) wherein said RAID control,ler is further 2 adapred . to: 3 receive a
St Srage. r eq ISR ITD I ERE TR oK T AR e RS AMbRALR: tarprie g ing
descriptor to each of the queue pairs, each descriptor referring to IINth 5
of the dat aappandkd claims without departing from the spirit and intended scope of the invention.

For example, although memory 45 is located within RAID controller 70, it can

be located anywhere it can be coupled to RAID controller 70.

- 10 -



| 10. The RAID device of claim8) wherein the N virtual channels conprise
one 2 or nore physical connections. 1 11. The RAID device of clai m9, APR 2003
wherein the storage request is a VI send. 1 12. The RAID device of claim?9,
wherein said RAID controller is further 2 adapted to initiate a VI Renote
Direct Menory Access in response to the storage 3 request -13 1 7 APR
20031 2345678910111 211 13 A Redundant Array of |nexpensive

Di sks (RAID) systemfor striping a data bl ock across N disk drives, said
RAI D system conpri sing’ neans for receiving a storage request froma host

conputer for the watsar bt qakaivepngs:for creating N virtual interface (V)
queue pairs, wherein the queue pairs form N virtual channels to the host

conput er; neans for,p j descriptor c i q i.ys, each
dersTlgri ptor refer rli‘ n/a‘ rﬁ%}’g&?{\gﬁgl 2 at(??ga @gflég%ﬁ%cls;ﬂr}r‘e%ﬁgesf gf%ldsggé?@i ng 1/ Nt h
of the data bl ock over each of the virtual channels; and / neans for

Wi ing eaclkom@eeitged || Nth data block to a different one of the N disk
drives. 14. The RAID system of claim 13, wherein the N virtual channels
COrpri se one or @Y Rc@hig CabragoR@Ed ifNs a hdh.coffpatdrAbbDusysdiemiak; cl aim | 3,
wherein the storage request is a VI send. 16. The RAID system of claim 13,
furgher conprising, . - ~. R rointl gt te
Di r4tect Menory Ac es%relgtﬁ]grgsvﬁl%‘ﬁ@eﬁte @%@%H&ggﬁggg " Wbajfgf{. ﬁ.“thf}gﬂgll%irssys em of

claim 16, wherein the VI Renpote Direct Menory
5 N virtual channels to the host computer;

6 (c) posting a descriptor to each of the queue pairs, each descriptor referring to
7 1/Nth of the data block;
8 (d) receiving 1/Nth of the data block over each of the virtual channels; and
9 (e) writing each received 1/Nth data block to a different one of the N disk
10 drives.
1 2. The method of claim 1, wherein the N virtual channels comprise one or
2 more physical connections.
1 3. The method of claim 1, wherein the storage request is a VI send.
1 4. The method of claim 1, further comprising:
2 initiating a VI Remote Direct Memory Access in response to the request.

-11 -



2 Access is initiated by the host computer. 1 18. The RAID syst emldPRIAHi m
16, wherein the VI Renote Direct Menory 2 Access is initiated by a RAID
device. 1 19. The RAID system of claim13) further conprising: 2 neans for
storing each I/Nth data block in a nenory coupled to a RAID 3 controller.
-15 1 7 APR 2003 20. A nmethod of stripping data froma redundant array of
i ndependent di sks, conprising: receiving a request froma host conputer to
store a data block in the redundant array of independent disks; generating
a nunber of virtual channels, wherein said nunber of virtual channels is
represented by the variable N, assigning a plurality of descriptors to a
plurality of queue pairs associated with each redundant array of

i ndependent di sks,,wher.ej u i i Ur ajl 4 f pairs
cgnprises a seng dﬁgu &§%§0§9§§3%r$§%5§§83§9E5§?ﬂgc2“%fﬁkﬁ5%6f€F§%§§ t he
data bl ock fromeach send and receive queue of the plurality of queue pairs
t @ N | ocat ilfisled By she kgteRfaPRtCRr r ay of i ndependent di sks controll er nmenory;
and witing each IINth portion of the data block stored in the N |ocations
of the redundant array of independent disks controller nenory to a

di fferent storage device connected to the redundant array of independent

diISKS controll k. "BI%hMhod of Raim 4, wherein the VI Remote Direct Memory Access is

2 initiated by a Redundant Array of Inexpensive Disks device.

1 7. The method of claim 1, further comprising:

2 storing each 1/Nth data block in a memory coupled to a Redundant Array of
3 Inexpensive Disks controller.

1 8. A Redundant Array of Inexpensive Disks (RAID) device for storing a data
2 block received from a host computer, said RAID device comprising:

3 a RAID controller;

4 N disk drives coupled to said RAID controller;

5 a transport coupled to said RAID controller; and

6 a network interface controller coupled to said RAID controller;

7 wherein when the data block is being stored, said transport comprises

8 N virtual interface (VI) queue pairs that form N virtual channels to the host
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Ay . Au. ABSSE . A9f . AL AS. A2 .A .Al.Af.A A A2 A . AYY

. AS} 7ADN NJ" gx(| ww mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] Ea}] m]m] ca

] ca] c™a] c”a] ca] ca] ca] ca] cMa] cMalcalca]cTa]c:alcalUca # w #w=gn{

: c#La{vgkfa\ W ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] cha] ca] ca] ca] ca] ca] ca]ca] ca]ca

] c~a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! sj dsHLS ONr

d| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ayl}94' z#uM

+Ip!w!1& }xsnid_Z]]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca]ca]cal

ca]%a] ca] catasjeal cdlecah cakicplecalpaa} cadoraddc BNt O the NI S NV@IIBIE | ' y' ' (

h(r(()1)))),***1 +) +} xrmhc”Y] ] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
/

cﬁ(gﬁ]oga] ca]“%]apéﬂagﬁglg@] cal ca]ca]calcalca]calca]ca]calj+++ ,x,,,,,? C

n

cafloa] ca) cal oa] cheAbEAYIT] G EdleEd) EEFIE O3 AR AR ARLEYIG STLTERES] 778
88888999, : : :; x;

; <Kx<{ vgl gtv] *{iflcadnt ahe af sajl dddesk] drajasa] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] calc
a]J ca] ca] ca] c®a] ca] ca] ca] ca] ca] ca] ca] ca]cal <

=a=>>>t ?| ???7???ABBBCCChCs CCC- DUDDDDDD<ECEE} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cia] cia] c
a! EEF. FFFE GGGHNHH - DU OEE} xs.ni d. alcalcal.c alca]ca] ca
] ca] ca] caﬁ:a] caj gamﬁ‘ﬁ? QEFQﬂga%TWﬁ@MEQT%QﬁJﬁ 2‘}‘1‘]‘%}?&1] calcalc
a>?@ K- &10%&' () - &109&' () - &109&' () -, #F

1098 () -1 " 10d4pted)0o8109%& () - yMLO%&' () - @0} 7Ai K-, F10%&' () -,

109 ()-109& ()- 109%& ()-&10%&' ()- &10%&' ()- &10%&' ()-A NJi K-3. 10%&' () - +g&10%

& (3 -) MLO% () -, receib@Utdrhpe BuER Aok the %@@@éo@&mter for the data block; and
“100& ()-J i K3. 109 ()-91 10% & () - &10% & ()- MI0% & () - 101010

Todbe (30 -1 Tove B 7 MR S by e o el bbb lot by b ke
10% & ()-Y'110% & ().-  10% & ()-S&10% & () -

10% & () - =gRf wadreitkycke1006 & () - F%6109 & ()-10: 10: 10: 710% & ()-/MLO% & () - &
-10% & () - F+

1 10. The RAID device of claim 8, wherein the N virtual channels comprise one
2 or more physical connections.

1 11. The RAID device of claim 9, wherein the storage request is a VI send.

1 12. The RAID device of claim 9, wherem said RAID controller is further

2 adapted to initiate a VI Remote Direct Memory Access in response to the storage

3 request
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10% & ()-{4 :iK-K 109%& ()-!10% & ()- L0/<10%&()- 109% & () -
10% & () - f10% & ()-y 10% & ()-ci K-Ky& 10% & ()-$ 10% & ()-y 17 APR 2008
"109% & ()-y10% & ()-910% & ()-ss109% & ()-3!10% & ()-#Lai UKy& 109 & ()-10"1
0"10"610% & ()-y2109% & ()- f/ 10% & ()-

+&10% & () - & &10% & ()-s) i K- Kf 10%&' () - #10%& () - @ 10%& () -y, 109%& ()-f

109%&' () -fs10%& ()-$f 109& () - 3j dsi K- Ky$: ! 109 () - @ 109 ()-yS

109 () - L$109& ()-y10%& ()-y:!10%& ()-yS

109%& () - SHLPi K- KF7109%&' () -fy2! 109%& ()-f&0109%& ()-f-z

109%&' () - @ 109%& ()-9S) z10%& ()-y' 109& ()-PQRS 0i KF710%&' ()- @' 10% & () - 10%

& @ 10% & 0% % & 10101

| 1](()2%; & ()- &10(% & )%éi%%(d)&"‘(&”@ﬁg/ XP?“&@%@@E W@b‘%" OF FUrigdd6 & () - a

y1l}i K-K, 0z10% & () - 10% & (

106 & () - @cma)%@k(aym@ m%s&d(nye@gldm%&s@ter@cmm%x&ng) }9i K, 0210% & ()-y10

%n& ()-f 10% & ()-'SmM0% & () -

103 10: 10: 3710% &inedns@2 récleﬁ)%g&a Glordf Agled¥rolnlOidstchhpyiet 1Q%& bt Hlo; 10% &
()-fz 10% & ()-L&L0% & ()-,3 10% & ()-y 10% & () -z#uR/l

i K: Kyl +10% & 0! oA & F'11

| Thog & () - $10((,/§ &’“)63‘“5 fé&l%‘%‘%ﬁﬂﬁ“ﬁ &? ?{yﬁmN’&‘% g@rsm% eé?‘t‘ l)"3'19&)‘%(”?6\ 10\

710% & () -, S210% &RS

f 0310% & () pdirs; formoly &intyal ichgingts toNpehestKPOPRETY( ) - 10% & () - Ly&10% &' () -

&10% & ()- 10% & ()-f!10% & ()-10% & () - ##CBSSNIZ %86 K- K

&19% & () - $10% &)_eﬁl_)s- for pb@ﬁfg&a 3sciBPor &o Exch8df0fe &udukpaitd%ea&h(descriptor
110% & ()-Y&S&E 1 ']

&10% & () - 10 10. 0 O‘V&() S-s!10% & () -
0% & OF {E@Ht]gqf’iﬁff"i{& %‘ﬁ‘ { i K-K 10% & ()-s, 810% & ()- 10% & ()- @
10% & ()-110% & ()-910% & ().- &Ml0% & () -3) I% ,¥EFL 4 K-K$10% & () - Y'!110% &
8 means for receiving 1/Nth of the data block over each of the virtual channels;

M 109% & ()-#10% & ()-T10% & ()-FM 10% & ()-!110% & ()-!+j +++', X, , , i K- KS710%
& ¢)-,2t! 1084 () -4/ m0% & ()- - 10% & () - Y+ 10%&'()-)&10%&'()-
&10% & ()-,,, .., /- -~ KS710% & ()- 310% & ()- 10% & ()-

% & - 10% & | /,
'1%@0‘2& (§) %‘0%‘2& (r{elns fol(s(%;xgl{ a@iéé/c%&\;e% ljv’Qlth dala bg% (Dl Ic(l f%rfgn one of the N

&ﬁ&lO% & ()dISP drives.

1 14. The RAID system of claim 13, wherein the N virtual channels comprise
2 one or more physical connections.

1 15. The RAID system of claim 13, wherein the storage request is a VI send.
1 16. The RAID system of claim 13, further comprising:
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1Y112V2i K- KO! 10% & ()--& 10% & ()-1+!10% & ()-)$10% & ()-&10% & ()-$

109 & ()-Y"10% & ()-V222222233i KO! 10% & () -, 10%& () - @ 1096& ()14 foRbAdde& (
)-10:10:10: 710% & ()-@ 10% & ()-

3k334r 4445i K- Kf 3710%& () - @0%& ()-, 10%6& ()- @! 10%& ()-&10%& ()-, Ft!10%
5& ()-10%& ()-55555' 5+5-515cDf 37109%6&L/ 10% & () - Y+ 10% & ()-L$10% & ()-'1
0%\ & ()-&9', nl0% & () -

10510510515H555] 66a7yWscD! PSL&! 10%& ()-t! PSL& 10%\ & ()-t! PSL& 10%\ & ()-t!
PSL& 10%& ()-t!PSL& 10%& ()-t SL& 10%& ()-ta7i 778?8888aB7D!

109@10% & () - P/ rosangfqn) inttjatipgg Y} -Rempeie Doggigvemonysieeegnan gespypnsego the

10% & () - 88888999, : m\ PFOA0% & () - F¥40% & ()-s%d0% & ()-9

10% & () - %4G¥pdes() - %40% & ()- 10\ 10\,:::;6;x; ; dEMNV PFYd0% PY+

%40% & () - PY+ %40% b& ()- Y+

%4.0% & () - PF"&10% & () - PF"&10% & ()-F"&10% & () - ; <<<<<Ux<

=bCPFYA0%P&10%& () - &10%&' () - % 10%4& ()- 10: 10: 10:7-10% & () - PY+

%0% & () - : . .

=a2=>>>t 2dEbCPFY4!094 Ehegh & dhay stpoyef(chainnide Whprein Srodikempplemdigatddemory - P f &1

10% & () - 9&10%e& i nitiatd®by 10-hdQHppb RIS () - 2?. @GAAABZX9bCP@ 10% & ()--!P
9110%}& ()-!'P 9110%t& ()-!'P 9110%t& ()-! 9110%t& ()-YIMO% & () - BBBC
CCCCCuj _ @YW 10% & ()- 10t 10t 10tf&610% & ()-VY1:10% & ()- ,10% & ()-!%
10%t & ()-9ChCsCCC- DUDAE] _@&10% & () - 9CG40% & () - &&10% & () - 9G4 0% & () - &S
@o% & () - &9 0% & (%- UDDDDDDDDDX nbh CPl %510% h&' Q - 10"

] 18. "The RAID system of claim 16, wherein the VI Remote Direct Memory

2 Access is initiated by a RAID device.

| 19. The RAID system of claim 13, further comprising:

2 means for storing each 1/Nth data block in a memory coupled to a RAID
3 controller.
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10" 10"y610% & ()-& &10% & () - &MB10% & () -9y@0% & () - DECEEEF. FAEmMbCP" 10%
h& ()-3110% h& ()-@0%h& ()-!10% h& ()-10% h& ()-fY! 10% h& ()-17 APR 2003

. FFF GGGJIENbCPF10% h& ()-!10% h& ()- 10% h& ()-10% h& ()- ~$10%
h& ()-110% h&' () - GANHHHAENMbCPF10% h&' () -!10% h& ()- 3710% h&' () - %¢10%
h& ()- ##10% h& ()- !'10% h&' ()- Nor mal " " Headi ng 13]c" "Heading 23]c"
"Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"

" Headi ng 83] Headi g g | Py font
RVKS) / 259 < EJLNPRTVXZ\%dfﬁ&?tmﬂ ﬁ‘é‘éf%“%%@%&ﬁ?éﬁ%"avo independen

4% ')+, - 0V23515a78,
=t 27?BEITS: FPPRNECDEFGHI JKLIMNOPQRSTUWKYZ[ \ | »_* abcdef ghi j k6Ti mes New

RonanAr i al Courier New'h Root EntryWrdDocunent x .
| #$0R () * Fecelvingosaersasd from a host computer to store a data block in the redundant

<=>? @\BCDEFCHI JKLMNOPQRSTUWKYZ[\ ]~ _" abcdef ghi j kI m
array of independent disks;
generating a number of virtual channels, wherein said number of virtual channels is
represented by the variable N;
assigning a plurality of descriptors to a plurality of queue pairs associated with each
redundant array of independent disks, wherein each queue pair of the plurality of queue
pairs comprises a send queue and a receive queue;
moving a 1/Nth portion of the data block from each send and receive queue
of the plurality of queue pairs to N locations in a redundant array of independent
disks controller memory,; and
writing each 1/Nth portion of the data block stored in the N locations of the

redundant array of independent disks controller memory to a different storage device

connected to the redundant array of independent disks controller memory.--
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