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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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defined by the architecture. The 1/0O subsystem
provides an efficient node of conmunication between
the conputer and the storage devices that allows
prograns and data to be entered into the nmenory of the
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the file system overhead that is used to keep track of everything about
all of the files on a volume. For example, metadata tells what allocation
- 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/0 subsystem are

p—
Tl s



[

all of the files on a volune. For exanple, netadata

tells what allocation units make up the file data for

a given file, what allocation units are free, what
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associated with a.single transaction. Because each interrupt must be
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use of the processor.

Other storage 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 i‘nodel wherein the host computer ("'client").

forwards each I/O 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



however, the host processor is notified by nmeans of
interrupts, i.e., events that. change the normal flow
of instruction execution by the host processor. For
this type of architecture, there may be many
interrupts associated with a.single transaction.
Because each interruBt nmust be _serviced by the host
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the control of the metadata server, 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, by RDMA,

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



According to a second aspect of the present

di scl osure, there is provided-a data server,
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according to an enbodi nent of the present invention;

Fig. 5 illustrates additional details of the software stack of the client and the
virtual addressing problem in terms of the RDMA Transport (RDMA-T) according to an

embodiment of the present invention;

Fig. 6 illustrates the functions of the present invention without hardware

limitations; and



Fig. 4 illustrates the intelligent RDVA conponent as a
part of the client stack; Fi6g. 5 illustrates
additional details of the software stack of the client
and the virtual addressing problemin terns of the
RDVA Transport (RDVA-T) according to an enbodi ment of
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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.



the host identified by the received input/out put
operation details, and for transferring file- block
data referenced by the received input/output operation
details directly between the nenory address of the
host and the at | east one storage device. -7- In
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In another embodiment of the present disclosure, another program storage device

readable by a computer is provided. This medium tangibly embodies one or more



readabl e by a conputer is provided. This nmedi um
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the input/output request directly between the memory and a data server.



provi ded. This netadata server includes neans for
storing netadata associ ated.wi.th data on a data
server and means for receiving an input/output request
froma host and issuing to the data server
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means. I n another enbodi nent of the present
di scl osure, a nethod for pro%ding a distributed file
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rving met adat a st orage
V|rtuaI|zat|on and data access at the data server
connection speed. The present invention enables file-
DdsavstiondaftEmbalilnentser ved to a client in a virtualized

storag hitecture at dat er ectlo eed
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pos$igpl yillosteatesa ose pactateetureel 00 rflar prdvadiog i felet datd 4ervice wherein
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Fig. 1, the metadata server (MS) 110 receives data access commands 112 from clients

114 in the data network in



installable file systemon the client 114, so that
applications of the client do not see the difference.
The client 114 includes a file systeminterpreter (not
shown) that translates the view of the file system of
Wo§da§09§dsbent 114 that is served by the nq{cqqt,%@wg@géger
10. The netadata server 110 forwards pointers in :
rret adata server data structures to the client 114.
Met adata server data structures point to the actual
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t he system architecture illustrated in Fi g 1 has

sever al t| ve aspects. First, a radi g change of
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Benefits of the system architecture illustrated in Fig. 1 include
storage virtualization and management at the metadata server 110, large -
file access at the speed of the client connection to the data server 120
and the necessity of the data server 120 to have only a JBOD {Just a Bunch
Of Disks) level of intelligence. File system semantic benefits include
manageability and copy services at the metadata server 110 while no

changes to the applications of the client 114 are needed.



LAN (Internet Protocol Local Area Network) and the
data server connection 132 over a Fi bre Channel SAN
(Storage Area Network). Another shortcomng is that
data delivery is synchronous to the requesting thread.
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metadata sexrver 210, commodlty HDD storage enclosures, and typical storage
network infrastructure such as switches, cables, HBAs, etc. Benefits of
the second architecture illustrated in Fig. 2 include storage
virtualization and management at the metadata server 210 and allowing the
data server 220 to have only a JBOD level of inteiligence. The

applications of the client 214 are also unchanged.

Nevertheless, the second architecture illustrated in Fig. 2 also
includes several negative aspects. First, the second architecture

illustrated in Fig. 2 requires a single synchronous transaction (from the



i npl ement ations place the netadata connection 230 over
an I P LAN and the data connection 232 over a Fibre
Channel SAN. However, data delivery is synchronous to
the requesting thread, and is typically dealt with by
woRkbdosdohr eadi ng so that each thread contgqicyydddotiofn
an CS served data request. Still further, data
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320 pheARtER dhedoP- (mp}e direct memory access 344 is used to

transfer data between the data server 320 and buffers on the client 314.
When the I/O completes, the data server 320 sends a completion notice 346
to the metadata server 310. The metadata server 310 then sends a file
access response indicating completion of the session 348 to the client
314.

This process is complete thrbugh a File-based RDMA Protocol (FR_P)
session 350. The client 314 speaks the file access protocol to the

metadata server 310. Direct Rccess File System (DAFS) is a specific



session 350. The client 314 speaks the file access
protocol to the netadata server 310. Direct Access
File System (DAFS) is a specific WD 2004/ 099989
PCT/ GB2004/ 001968 13 exanple of a file access
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message pr ot ocol
The fi¥st capability is direct memory-to-memoxy transfer. Remote

Direct Memory Access (RDMA) is the ability of one computer to directly
place information in the other computers memory with minimal demands on
memory bus bandwidth and CPU processing overhead, while preserving memory
protectlon mechanisms. A Remote Procedure Call (RPC) message protocol
provides two distinct structures: the call message and the reply message
{i.e., RPC Call Message and RPC Reply Message). A client 314 uses these
messages to make a remote procedure call to a network server and to
receive a reply containing the results of the procedure s execution. By
providing a unique specification for the remote procedure, RPC can match a

reply message to each call (or request) message. RDMA allows bulk data to



provides two distinct structures: the call nessage and
the reply nmessage (i.e., RPC Call Message and RPC
Reply Message). A client. 314 uses. these nessages to
make a renote procedure-call to a network server and
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Exchange Protocol 345. The third channel is the RDMA Channel 341, wherein
the data server 320 initiates all communication for raw data transfer
to/from the buffers of the client 314. The RDMA channel 341 is actually
only one way and is invisible to the client 314 except for channel setup.
As a DAFS construct, the RDMA channel 341 is merely a wrapper for a
connection between the two RDMA storage accéss drivers (on the client 314
and data server 320), no DAFS level requests or responses occur on this
channel. RDMA is preferably initiated by the data server 320 and occurs
invisibly to the client 314.



Exchange Protocol 345. The third channel is the RDVA

Channel 341, wherein the data server 320 initiates

all communication for raw data transfer to/fromthe

buffers of the client 314. The RDVA channel 341 is

y only one way and is invisible nt

Wo%ﬁﬂﬁgdf%ept for channel setup. As a DAYS 2’8&1’2@?@& ¥

the RDMA channel 341 is qgerely a wapper for a

connection between the two RDVA storage access drivers

(on the client 314 and data server .320), no DAFS

| evel requests or responses occur on this channel.
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requires modifications to the client and is therefore not as efficient.

Implementing an File-based RDMA Protocol (FRP) necessitates adding
to the metadata server 310 a RDMA File Access Component (RFAC) 364. The
RFAC 364 acts as the file system interpreter. The RFAC 364 maps the FRP
file system to the metafile system of the metadata server 310. The RFAC
364 is the file server, and also manages the server side connection
endpoints for the FRP sessions. The RFAC 364 translates the RDMA file
access language to the meta-file system language. Then, the metadata
server 310 provides (for each request) the mapping to raw data blocks on

the data server(s) 320. RFAC 364 communicates with the appropriate



"meta-file systenf. Each client will communicate with
a 'file system interpreter', which preferably resides
at the netadata server. Afile systeminterpreter nay
reside instead at the client/host, but this requires

(fications to the client and is ther r
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Thus D€nhd AN @Ryah € Bomaa Sorpbnenel Giay | iaBadad Sef pavar«€ cignpbirent on
stac]l B?z g@éna?ﬂ)tu% 1§Q=r1§f|e|r3 émaointMib&t Rﬂ}'ﬂeco%nﬁxrﬁhi Egﬁﬁts RDVA
: 0 nen L1 u ar ; 5
lllus(s‘té%grass?ggkdsg%% dat‘tﬁe%trg%teF%cgzalrite N R%)‘l(/l% E%ng%rfeﬁ('tﬁlé%eﬁt
RDMA | CTRORRT &5 He ™ Par T b e taﬁ‘elnﬁg? 282 LRPVEF St ack 360,
cliergyhest Hd. ROMY mpRer St &F 1EET F8, trepRfer FREY (FFguhte BBV
servgobgfohevhe 37ent iy wieh ithpliewshigedt X8MasoTnesed bl e
cont€ADPGNANt @t tHibecagé,i emd Adrestigddtd ROMATBUAS woulHelssue
commddAaLk &lo! {3ent, ROMA CONPOREr-ABY tndSiRatebarpsaot of the
client stack 352 even though in Fig. 3 the

In :

L) G508 SR COMPREnt, Sy LR ke e
client stack 400 according to the present invention. 1In operation, tlhe
client 414 issues an FRP command 412 to the metadata server 410, which
houses the RDMA File Access Component (RFAC) 464 to serve as control
connection endpoint server for the FRP in the architecture. The RFAC 464
. communicates with the standard metadata server software components to
discover which data blocks on the data server 420 will be required to
service the regquest. The RFAC 464 then sends the data block information
back to the intelligent RDMA component 474 at the client. The intelligent .
RDMA component 474 at the client 414 then initiates RDMA from the data
server by issuing user-level networking commands 418 with the client
target buffers as arguments. The RDMA transfer is then initiated. When

the RDMA completes, a callback is issued from the user-level networking
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RDVA conponent 374 is inplenmented as an installable
conponent at the «client/host 314, RDVA would still be
used to transfer data fromthe. data server 320 to
the client 314 with the intelligent RDVA conponent 374

wo §iRibabl ing it. In this case, the intel '#&%00@%8374

: woul d i ssue commands to the raw bl ock storage offered
by the data server 320. fsig. 4 illustrates the
intelligent RDVA conponent as a part of the cI i ent
stack 400 according to the present invention.
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Address Virtualization) at or near a controller (not shown) for the data
server 320, which interacts with the metadata server 310 to get connection
and client target buffer information, initiates RDMA reads and writes to
client buffers to achieve data transfer and sends completion notices to
the metadata server 310 for RDMA operations. An -RDMA engine_370.may be
placed at each data server 320 and be capable of managing an RDMA storage
access endpoint, an RDMA exchange protocol endpoint and the one way RDMA
FRP channel endpoint. The RDMA engine could be placed on a very small

server engine inside the storage enclosure, behind and controlling the



cache of the. client because of netadata changes
caused by wites from other clients or other reasons
(e.g., file systemmgration, recovery operations,
etc.). If tge cache layer is a shimor library there
resident thread to respond to ca
‘waﬁﬁvgﬁmdatlons initiated by thg netadat%egg?agym%%ﬁ.
This is handl ed by a back-control or secondary
operations channel 343 (DAFS calls it the
" Back- Control Channel') which allows for server (in
this case, netadata server 310) initiated operations
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problem, but the reduced client overhead is a huge benefit in terms of

application performance. Thus, RDMA proceeds from the data server 320 to
the client 314 to deliver file block data (for reads) and to pull file
block data (server initiated RDMA Reads, in response to client FRP write

requests, i.e., client RDMA writes).

Metadata delivery may be provided via standard request/response
‘RPC-style message exchange between the client and metadata server, as well
as RDMA delivery of metadata from the metadata server to the client. RDMA

may be preferred for delivery of large chunks of metadata such as listings



addi ti onal channels that are part of the sane session.
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are separate channels, but are part of the same session. RDMA may occur
between the client 314 and metadata server 310 over the main operations
channel connection 3340 for the session, as well as over the other
channels which would be between the client and a third-party, e.g., the
data server 320. The separation of the channels 340, 341, while tying
them to the same overall session 350, allows RDMA to proceed between a
data server 320 and a client 314 in coordination with operations. The
session identifier will be passed as part of the meta-protocol between the
metadata server 310 and data server 320 so that the data server 320 can

RDMA in the face of connection authentication at the client 314.



architecture of the present invention may include a
nmet adata server 310 which doubles as a data server
320 using software nodul es on the sane } server
repr esenting the netadata server 310 and data server
320. Clients 314 of this file system have.
wo gqqug?sp able File System (1FS) driver mhlpﬂlcquoélﬂ%ll%ﬁt es
application data requests, into file systemrequests
for netadata and file locations fromthe netadata
server 310, which is on the sanme storage area network
(SAN). Data access occurs across one FRP session 350
cHSl sthhglisht B4 mepepaticbnSOhanféle 34024 Rt RIS
to altdhantiel dad41serddr 320emalbbkesiatdreefviey 810 singpiapedBRGs , .48,
for skiledSuk8dreledubithyi Shd ShrvéOpedatdnds/aasGendtielsdnepks to

crtent N Cak 80 kol K& 0N Snflak ArbaAUaRLLs cﬁéfm@mﬁaypawur D@ga
transfer C?C.b cod %}ansgf)lregt sque breorgraata

fact, 3379 SP9 A 8§?I8ﬁ'8 Y&t §T6n- the "¢ ient © 314,°

writep ineresdetf BRYMAt FEIRDIAS- eng‘F]i‘lé“ré'ieﬁc"(Puééi@eo‘ﬁh‘f”ﬁét]&at a .

cliensemyeiat820, as controlled by the netadata server FRP
server stack 360 of the netadata server 310. This.
aghl @M%étsstaprcagﬁtyélﬁé WadHiZ@lonOthedd rREME cHRh G OMBLSRY Ver

comﬁeredwhh' %SQU oW B&.bhe glghgﬂkaﬁlﬁa@@tﬂ aceesE: at.dat a

rver ectro avoi d

co SSEPRT GHE PRHLPLAT IO DI0THo (AL 3o ontt o Car ek
tree,co7 BptALEE 2CEHE W°PPH°FdllﬁaSr £y He-aet |th%1§p%€fd] hpser xights
~deteriiviatiat 6k RBNBuT hearakioss 34Thigres deippydethedausthid tdWesht
netwodid An@Bervdit Baatdy. diThe GRp \1Writ N3 Hahei 10 atage Ses \won s1eB8Bta
cacheO5r BL Qdéﬁgdégfe‘_(regacgﬂ& fan iher sepapad¢ ROMAdle this

activSQNNECLLANS 4 1%10% connections are separate channel s,
put “are part of the sanme session. RDVA may occur

between the client 314 and netadata server 310 over

t FRET AR 'OPBIPALI6FRSS TERATTHetSSEThARCEFbRY 33207 Fb Ao THfE
320 whers $higriating RRWMp [toghe oléentt Bt -otThée? arelign b fifleh to
anageBdtlt oth end) estaeesrvétheddrebent rrantizatiohi r ds panted, akevey. |
one skPparélahansSeri¥alsed20r dihe ssfparwttant0koth®aic haﬁmells
‘part gQ'ane ?b%ral\j.\’mels s o Y450 gres c!h%%lteofctrh%lgaemée@svﬁétaleén the
cllen%efﬁll Ol’é % fulg me%v?ata ser\éef 31% Qa ges% e%t y\ﬁ)egeta 'I‘ii@t a

server 3 I n coor

Ciend e TR e oD P ERET Tt S0 B DAL ER
from she fubf reee FfefafapteaYoeol20betfR &Ack Hata Waﬂae%\ws& ver
neces3di1ancve st dissencrerraBR0ris daydrasddrpss - ddloneveer \the sB@@ge
syste@mddrchRiMAirenot Bie fagentoinveaninacddedmoauteertithag i on at
mrtutamiezagldnent 314. WD 2004/ 099989 PCT/ GB2004/ 001968 20

|II, the client.314 nmay initiate RDVA. Wiile it may

preferable tao_allow onlg dat a seryer 320
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Referring to the Client File Access Stack 510, address virtualization is
achieved by the RDMA endpoint address virtualization layer (AV layer) 512.
The AV layer library 512 interacts with the RDMA transport endpoint
provider layer (EP layer) 514 below it to present a single connection view
to the FRP client 516. The AV layer 512 may be handed a virtual address
by the FRP client 516. The virtual address is a configuration item.

There are two possible methods for resolution of the vi:tual address.
First, as a configuration detail, the AV layer 512 may consult a setup
file for the virtual address translation. Second, the AV layer 512 may

contact a RDMA-T name server (e.g., the metadata server 524) on the RDMA-T
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client-initiated RDVA across any of the discussed
channels may occur. In fact, as suggested above,
wites by a client 314 may be arranged as RDMVA wites
i nstead of RDVA Reads, i.e., such wites would be
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virtual addressing problemin terns of the RDVA
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the connection identifier of the metadata server 524, not only so that it
can RDMA to the correct client 544, but aléo so that it can authenticate
its access with the client 544. The connection_identifier of the metadata
server 524 is sent by the metadata server 524 via the RDMA Exchange
Protocol 560 between the metadata server 524 and the data servers 540.

The metadata server 524 gives the data server 540 its own endpoint
identification key, so that when the data server 540 initiates RDMA to the
client 544 it can pass the proper endpoint identifier along with the

buffer location, client process id, and client buffer registration key.
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Before buffers can be registered, the virtual address to data server
address set mapping will have to be completed, such that the virtual
address is a valid endpoint. Then a virtual endpoint can be created which
embodies that mapping, and serves as an index point for the registration

process.

Fig. 6 illustrates the functions 600 of the present invention
without hardware limitations. 1In 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



Prot ocol 560 between the netadata server 524 and the
data servers 540. The netadata server 524 gives the
data server 540 its own endpoint identification key,
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file system interface is no longer through blocking calls to the 0S, so
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clients no longer need to multi-thread to effectively pipeline access
requests, and can own their own asynchronous file system interface for
reliability and customization. O0S performance impediments are bypassed,
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.



Before buffers can be registered, the virtual address
to data server address set nmapping will have to be
conpl eted, such that the virtual address is a valid
endpoi nt. Then a virtual endpoint can be created which

.S that mapping, and serves as an }ﬂﬂgﬁ |
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functions 600 of the presgnt invention w thout

hardware |imtations. In Fig. 6, a host 610 nakes a
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614, or data server (not shown), controls the RDVA

transfer 650 between nenory at the host 610 and the

data server (not shown). Fig. 7 illustrates a storage
syst em conponent 500 according to the present
invention, wherein the process illustrated with

‘reference-to Figs. 3-6 may be tangibly enbodied in a
conput er -readabl e nediumor carrier, e.g. one or nore
of the fixed and/or renovabl e data storage devices 568
illustrated in Fig. 5, or other data storage or data
communi cations devices. A conputer program 590
expressing the processes enbodied on the renovable
data storage devices 568 nay be | oaded into the nenory
592 or into the storage system conponent 500, e.g.,
in a processor (not shown), to configure the storage
syst em conponent 500 of Fig. 5, for execution. The
conput er - program 590 conprise. instructions which,
when read and executed by the storage system
conponent 500 of Fig. 5, causes the storage system
conponent 500 to performthe steps necessary to
execute the steps or elenments of the present

i nvention. Those skilled in the art will recognize
that the storage system conponent 500 may be a client,
a netadata server, a data server, a controller, etc.
Furthernore, only the processes required at each
conponent needs to be | oaded to that conponent.

Accordi ngly, the present invention provides severa
benefits. For exanple, storage is virtualized and
managed at the netadata server and



file system semantic benefits accrue through the
manageabi ity and copy services at the netadata
server. Access is also virtualized at a point of
i mpl ementer control, i.e., the RDVA storage access
driver. Furthernore, all file access occurs at the
speed of the client RDVMA channel to the data server
and the data server needs eby a JBOD | evel of
intelligence - with the addition of a controller
wd 4an:ng the RDVA engi ne stack. Data transfer is
application controlled. Full asynchrony is achievable
L. thréugﬁmkﬁi“@V%ﬁWnﬂm$m%n and asynchronous conpl eti on
O bl foP o e EhAERHLSpiatRSyindt PorfY BRE WA £1d ac@
IS no nger
cli epﬁOSesisor donﬁgumed ﬁﬁeebei\ongmﬂ mpuiﬂdmlaadequesteffdﬂrea:hmt ehdissuing

€ss ests, thelr own .
to Bt Bl kitirianas PG Sah AR IR R o b hupPrtin
inf@nti6s 5108 bE Md ARladed tllibedﬁeﬂ{tﬁﬂ nﬂ@ﬂﬂ%ﬂdh(ﬂﬁﬁﬁ% taage@source host
ypassed, e.g., access size granularit imted

memery asidreps watﬂmvemﬁcwamq, itq pasge e datarpervey @rf@pmltth%ﬁ@%e
r upt
o B S0 0o B E R ST LB e B
operati ons and double caching are avoi ded. V\D
2004/ 099989 PCT/ G32004/ 001968 . 24 The f or egoi
- oo EheTBPRGAR SV SRR AT BN BB B S A a request o
wnteraaearulfe@ﬂy A3 thE BBst IARRY h@deds @b tHehRtaerRpses of
illustration and description. It is not intended to
be exhaustive or to limt the |nvent|on to the
3. Pr e’fﬁeslﬁetti(?zftﬁé%&%lfgl%E?Z \M?é} mqﬁéjfng?t? %t;ogﬁqs a request to read
variations are possible in
datzt edarbnaed by linput/sutpnt epechtidn tlhlaﬂs frovm th@«hﬂesewf'ertdhlectly to the host
me nve%tdl on be limted not with this detail ed
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-25- W claim 1. A netadata server conprising: nmenory
for_storing netadata associated with data gn a data

4. serhemetadin rpT GEERER |, RPN G RIGCISHT It eUiEYTeAGO Hiftualize
file IR daUb P dteRUBRd sebve@m @ host and issuing to the
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menory and the data server. 2. The netadata server of
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metadata Fia ag RRMAcghannel between the host and the metadata server.

7. The metadata server of claim 1, wherein the processor is further configured for
receiving a completion notice from the data server and issuing a file access response to the

host indicating completion of a session associated with the input/output request.



3. The nmetadata server of claim2, wherein the
i nput/output request is a request to read data
ref erenced by input/output operation details fromthe
data server directly to the host nenory address. 4.
The netadata server of claim1l, wherein the processor
is configured to virtualize file-block data | ocated
at the data server. 5. The-@gétadata server of claiml1,
wherein the input/output request is a request for
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-27- 13. The data server of claim1l1l, wherein the
processor further conprises a storage controller for
presenting the at | east one storage device as |ogica
unit nunbers and for satisfying the input/output
request by processing file-block data between the
menory' address of the host and the at | east one
storage device. 14. A storage-network, conprising: a
host including a first nenory for use in processing an
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14Per 0L m, gﬁ&@@pcgﬁgnmﬁyabling data access at data

server connection speed in a distributed file serving
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an&g&gﬁ&&ﬁngg%r address | ocation, based on the netadata
to cause the data server to control the transfer of
file-block data directly, by RDVA, between nenory at a

hOSt parggragnhs orage d%vlce &adhble by a computer, the medium tangibly embodying

one or more programs of instructions executable by the computer to perform a method for
enabling data access at data server connection speed in a distributed file serving
architecture with metadata storage virtualization, the method comprising:

storing metadata associated with data on a data server; and

in response to an input/output request from a host, issuing to the data server Remote
Direct Memory Access (RDMA) input/output operation details, including a target/source
address location, based on the metadata to cause the data server to control the transfer of

file-block data directly, by RDMA, between memory at a host and the data server.



