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A storage architecture decomposes management of the storage devices
into individual components and defines their functional operations with
respect to the flow of information and control among them. The individual
components include an I/0 subsystem and a file system, each of which is
generally independent of one another and interact according to interfaces
defined by the architecture. The I/0 subsystem provides an efficient mode
of communication between the computer and the storage devices that allows

programs and data to be entered into the memory of the computer for
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units make up the file data for a given file, what allocation units are

free, what allocation units contain bad sectors, and so on.

I/0 processing is typically performed under the auspices of the file
system in that applications typically interact with the file system to
manipulate (i.e., read or write) the files. I/O subsystems, on the other
hand, interact with storage devices at lower software levels by

manipulating blocks of data. The file system and I/O subsystem are
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controller and none are serviced locally at the host

Co%ﬁte?rsto'EQSe architectures provide their file systems and I/O
subsystems entirely on the controller. For example, a host computer may
interact with the controller in accordance with a conventional
client-server computing model wherein the host computer ("client")
forwards each I/0 transaction to the controller ("server") typically
across an interconnection such as a network. All transactions are sent to

the controller and none are serviced locally at the host computer. The



WD 2004/ 099989 PCT/ GB2004/ 001968 4 file controller
whi ch manages the file system of nass storage devices

WO 2004020989 ed to the storage processors. AlthoulgtiT/GB2@4/001968
architecture relieves the host processor froml/O
processing, it also adversely4affects file system
| atency, i.e., the period of tine between the issuance
of an I/O transaction request by an application to

flltelﬂ'@ortﬂrlogléy%ggﬂ %gaé&etﬁg@ghgtéy%gﬁgzoft qus[ ! g ue? %%\y es 1s

rid %tem More recent a Server
ety erfTOacléed 6 AT RFACSEPTOT KATRACIR 1 Ehis saichg fecture relieves
the gpald SracemovefronThéO mebedkatiag setvalsa edeinsedy datfacts file
sysaeness caoyiTands, fuhemahb@nirstide bheydat @h@%!\@é&}&e' Qf an I/0

traaeg@rl%nesqu@st NoyP an 'L?ptpw%hoﬁ l"re %ﬁ& €SS PL %81%
f | 8 RS %%d
T A A LA IEE Taage

addresses of storage in the data server, and noves
dateorsetamenlt he Ghiaﬁ&brxﬁé}dhéé’l%eeﬁtﬂk@gﬁade@l the datLnetwork

viaS 8F Vifdast %\@e}{@{ada@a CJEI‘(/SJP t u&'ﬁg %at%sgeravege geacdqu’ S rgﬁata
server cu ulrre t he cl |en oper at I nNg SyS?

2CF6" proovr géi’% &  &F BRAFIR PEFIOTkolpREIPHfenER [With a
netyereddlatacspeedyovfcdlhe Heat nesdpyersergennectdon. file locking

manSbMM@aRYalﬁ:mEb‘[E.ﬂg{\NEMEle%tEGI]actqu.S§stot Ifl]@gldam Eﬁc‘ko&ﬁiﬂegses of
sto&gﬁe QB' Ble @lé&a as%@vglt h§£d o%é a& L9 Se ween ttﬁls c]rlgg'é atnlgethe

appar.ent, upon reading a URderst an
SEogR %rlﬁ 4t FBhe SoRETr eg‘effﬁ"an\?é'ﬁ]E”r"tﬁ‘FtdF%sc |téseslsa a metadata
Serﬁé%rﬂddreﬁﬂigareaq}seanh¢ cpreogr arerst Dragesidey ke erbhiade data
conpraV iafl@sora fli Btdol brdvede fiihe SRIMENG <BELN LECHNMI 82 EQrver
confBiadat a storage virtualization and data access at the

data server connection speed. The present invention

sol ves the above-descri bed problens by wvirtualizing

file-block data at SIMMARBdAT 3 eyTIand provi di ng

direct access of nenory at a host by a data server

e n t he, dat server to
o efowg&(ﬁ%%% aﬁ%’ g%ﬁt& t@ !L%Jnris\grl%gﬁho n“deta a?t BasedHnt Jtnﬁeatlons
tha ne‘rlﬁ& dl?%fof“S R §1F% MPPR |TEafinge RA A4 et eeding thetrmesant
pepEhisRyiat, Ahdieresenid invdnidatddssbroeer a mathodt abparatus and
pro@gcooktafee Mtilket fietppidietpd %Sdgitxtlgﬁt&[ Q§§@tserv1ng
archﬂ:‘é%@&fé) rr]rltfw_ Q@tﬁ&‘a@% @t gr@irteafl Za ‘%cl)rp %frg néatfa oacfcreﬁs at the

an_ap I cati gn er eon,
dat%a%eé"?ﬁe%rﬁ ‘ﬁﬁa ?eﬁSst bus adapter coupl ed to the
menory, the host bus adapter including an adapter
pr ake Sssef O Nnvettf @8 QR es | 8RULBG ARt UES q}ﬁ)ﬂi'gms by

v1r£@aq|:ﬂ§§ﬁg tf@léllﬁgtz}gqﬁ Q Si:er Vzgr =) atga fsggrvg]{]%g!i:lﬁn Hl('{l:rﬁlg direct

NOILy access trans ata assocCl a
acofis SF/%G‘IEIPE%tatr BqtRsst 5V rﬂe*cét P TRt we B FREAdRsAD?Yrvandhllowing
the ada@at LrIer iy be \WRoP3R4/ D208 89:tPCT/cB2004h4 0968 based on the

metadata to transfer file-block data directly between memory at a host and

the data server.

A host in accordance with the principles of the present invention
includes a central processing unit for running an application thereon,
memory for storing data therein and a host bus adapter, coupled to the
memory, the host bus adapter including an adapter processor configured for
issuing an input/output request to a metadata server and for enabling direct
memory access transfer of data associated with the input/output request

directly between the memory and a data server.
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The present invention provides a method, apparatus and program
storage device that provides a distributed file serving architecture with
metadata storage virtualization and data access at the data server
connection speed. The present invention enables file-level data to be
served to a client in a virtualized storage architecture at data server
connection speeds where the metadata is served by an entity distinct from

the entity serving actual file block data.

Fig. 1 illustrates one architecture 100 for providing file data
service wherein metadata is served by an entity separate from the entity
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Fig. 6 illustrates the functions 600 of the present invention
without hardware limitations. In Fig. 6, a host 610 makes a File-Based
RDMA Request (FRP) 612 to a metadata server 614. The metadata server 614
includes a RFAC 616, which translates the RDMA file access language to the
meta~file system language. A file system interpreter 620, e.g. in a host

610 or metadata server 614, provides raw block data information. RDMA
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e.g., access size granularity is limited now only by the capabilities of
the transport and the transport driver, context switching and interrupt
handling overheads are avoided, and extra copy operations and double

caching are avoided.



Accordingly, the present invention provides severa
benefits. For exanple, storage is virtualized and

woratvagedsat the netadata server and file systBOT/GB2004/001968

semantic benefits accrue through the manageability and
copy services at the netadata server. Access is also
virtualized at a point of inplenenter control, i.e.,
the RDVA storage access driver. Furthernnre all file
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multi-thread to effectively pipeline access requests,
and can own their own asynchronous file system
interface for reliability and custom zation. OS
performance i npedi nents are bypassed, e.g., access
size granularity is [imted now only by the
capabilities of the transport and the transport
driver, context switching and interrupt handling
over heads are avoi ded, and extra copy operations and
doubl e caching are avoi ded. WO 2004/ 099989

PCT/ GB2004/ 001968 24 The foregoi ng description of the
exenpl ary enbodi nent of the invention has been
presented for the purposes of illustration and
description. It is not intended to be exhaustive or to
limt the invention to the precise formdiscl osed.
Many nodifications and variations are possible in
light of the above teaching. It is intended that the
scope of the invention be limted not with this
detailed description, but rather by the clains
appended hereto. WO 2004/099989 PCT/ GB2004/ 001968 25
CLAIM5 1. A host, conprising: a central processing
unit for running an application thereon; nenory for
storing data therein; and a host bus adapter, coupled
to the nmenory, the host bus adapter including an
adapter processor configured for issuing an

i nput/out put request to a netadata server and for
enabling direct nenory access transfer of data
associated w th the input/output request directly
between the nenory and a data server. 2. The host of
claim1, wherein the adapter processor is further
configured for enabling the direct nenory access via
an RDVMA channel .



3. The host of claim2, wherein the enabling of the
direct nenory access via an RDMA channel further

W@ ovpny®es direct nenory access fromthe hostP@OIIEB2004/001968
adapter to nenory, wherein the nmenory conprises
user-node nenory. 4. The hoxt of claim2, wherein the
RDMA channel is initiated by the host. 5. The host of
claim 2, wherein the RDVA channel is initiated by the
data server. 6. The host of, im1, wherein the
adapter processor is furthér ~configured for receiving
data bl ock | ocation information fromthe netadata
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PCT/ GB2 04/001968 26 addr essi ng and resol ution; and

an RDVA transport layer for controlling _ connections
4. wi tThet hesthestclaat aurheirinchts REMheheryelade e tipted by the
hossupport of the input/output request. 10. The host of
claim9, wherein the RDVA transport Iayer
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i nput/out put request; an RDVA endpoi nt address
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8. The host of claim 1, wherein the adapter processor is further
configured for notifying the metadata server of completion of the

input/output request.

9. The host of claim 1, wherein the adapter processor is further
configured with a client file access stack for controlling input/output
requests, the client file access stack comprising: file access protocol
for receiving data requests from the application and issuing the

input/output request; a virtualization layer for providing virtual



access in support of the input/output request; and an
RDMA transport |ayer for controlling connections with
wo b@showse 12. The host of claim 1, wherein theCT/GB2004/001968
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transferring file-block data directly between memory at the host and the

t stora dre]eg

data server.

15. The metadata server of claim 14, wherein the input/output request is
a request to write data directly from a memory address at the host to the

data server.

16. The metadata server of claim 14, wherein the input/output request is
a request to read data referenced by input/output operation details from

the data server directly into memory at the host.



to allow the input/output request to be mapped to raw

data bl ocks on the data server. 23. The netadata
w@eonee998d cl ai m 14 further conprising an i nt ePdT/GBRIE04/001968

RDVA conponent for controlling the RDVA transfer of

file-block data between a m¥hory address of the host

and the data server. 24. A data server, conprising: at

| east one storage device for storing file-block data
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operation details associated with an input/output
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recerve operation detail
nﬁm?ﬁfaﬁﬁﬁﬁﬁf%?ﬁﬁﬁd“ﬁtle block data referenced by the
recei ved i nput/output operation details directly
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rein rocessar furthe

iSSEGHPI %Jelse agCeSEoFSRFEREDIHOr BPY @PS? oPIprEsEft ?%5’1?%“ pt a

seskbas bseng astdmage thevimmitdsutduggremlesuni t nunbers and
for satisfying the input/output request by processing

fil bl b kd?g'%tsgrg Vg@e&alﬁeweggéyeﬁdgﬁeeﬁo@ésswelmﬁLther

east one_ storage Vi ce . g ted
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controlling the RDVA transfer of file-block data
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3 host and the at |east one storage device with m ni num
ata sexr

proceSS|ng overhead by the operating systemat the

host. 29. A storage network, conprising: a host
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24 f i | m-dblkacderdat a cotre sipg addt hesdr vey storadeefetigienfor storing

file-block data thereon; and a processor, operatively coupled to the
storage device, the processor being configured for receiving from a
metadata server input/output operation details associated with an
input/output request of a host, for establishing a direct connection to a
memory address at the host identified by the received input/output
operation details, and for transferring file-block data referenced by the
received input/output operation details directly between the memory

address of the host and the at least one storage device.

25. The data server of claim 24, wherein the processor is further

configured to provide a completion notice to the metadata server to sigmal



configured for receiving the input/output request from
the host and for providing input/output operation
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identified memory location at the host and the at least one storage

device.

30. A program storage device readable by a computer, the medium tangibly
embodying one or more programs of instructions executable by the computer
to perform a method for making data access at data server connection speed

in a distributed file serving architecture with metadata storage



i nput/out put operation details; and transferring
file-block data referenced by the received

WO ppu9wee put operation details directly betweRP€I/GBR@4/001968
menory address of the host and the data server. 33. A
program storage device reada#l e by a conputer, the
medi um tangi bly enbodying one or nore programs of
instructions executable by the conputer to performa

for Loy gadLstrlbute Y
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request including data target |ocations; processing
the file access

31. | o @aszogﬁgm orage degyc:eesgfe?@a%gu%léa% gcﬁi&p%tgfa g:ﬁg medlum tangibly

I Ssu nmenory _acces
emb@chfanﬁe?nee%ﬁ@mtpr@@ﬁﬁ&%toif CRIPESPBIRE P fiebY the computer
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data on a data server; and in response to an input/output request, issuing

to the data server input/output operation details based on the metadata
for transferring file-block data directly between memory at a host and the

data server.

32. A program storage device readable by a computer, the medium tangibly °
embodying one or more programs of instructions executable by the computer
to perform a method for providing data access at data server connection
speed in a distributed file serving architecture with metadata storage
virtualization, the method comprising storing file-block data on a data
server comprising at least one storage device; receiving at a data server
input/output operation details associated with an input/output request of
a host from a metadata server; establishing a direct connection from the
data server to a memory address at the host identified by the received
input/output operation details; and transferring file-block data
referenced by the received input/output operation details directly between

the memory address of the host and the data server.

33. A program storage device readable by a computer, the medium tangibly
embodying one or more programs of instructions executable by the computer
to perform a method for providing a distributed file serving architecture
with metadata storage virtualization and data access at data server
connection speed, the method comprising: issuing from a host a file access
request including data target locations; processing the file access
request including data target locations; issuing a remote direct memory
access channel endpoint connection in response to the processing the file
access request including data target locations; and transferring
file-block data associated with the file access request directly between a

memory at the host and a data server.



