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A control device and a nmethod for controlling an

optical data transm ssion, and a shared storage
woedndosie3syst em Background of the I nvention FiedTSG1004/000008

the I nvention The present invention relates to a

control device and a nmethod for controlling the

optical data transm ssion in an optical burst

swi t chi ng node between a source conputer and a

destination conputer, and relates to a shared storage

network system Description of the Related Art The
A icomtroN @ewed and acmeisdefor Sontrolimgdfy bpcal dutd-triidnfssion, and a

di sk, and of conputer storage managenent is a main
shared ptoriage pefvogk ¥styBrent of conputer technol ogy.

Considering the trend of rapidly growi ng data vol unes

and increasing scattered organi zati on, shared storage
Baokgrotned &fi thhinwemidnued as a powerful concept for storage

systens to offer scale, flexibility, availability and

sonme other attributes. A key enabling technol ogy for
Ficil8f 88 150cQligge 1s networking technology that can

vi de high bandw dth, |arge scale, good connectivity

and | ong-di stance connectivity at a cost that nakes

shared storage an attractive alternatiyve #o the | .
TheiprgseR; ‘B‘é‘fm‘ﬂgé‘fl?'ﬁf {8 raptrd 45vich @ndgdrsthodfas ontplking dhe optical
dalAsREmRERh 38 An/SRaNGINAOsWEching ANS de BEG/eOR b Bui@dcdnButer and a

hi gh- vol une bl ockoriented data transfer in |ocal area.
destimaiereeompitercandfrelotes te i shated stpreganetvatkesyster.y | ocal

comruni cati on technol ogy, fiber-channel based Storage

Area Networks cannot really go wi de-area. A current
Des@lptioh onthefRedatéd Ak- vol une bl ock-ori ented shared

storage systemover a long distance is usually

i npl emented to connect two isolated SANs usi ng DWDM

Thg S?Pﬁ)%e%f{te&efwﬁﬁté}i s{:ﬁ‘ﬁr?%ég Q&Aggal’le %Fp h%z‘dism dfScotipufld storage

cal circuit swt cated ci'rcuit
mafiageveneisgtrhdin mssedin tho ddelapinentaft cothpoes weehnolbgyn
end- poi nts for connection-oriented conmuni cati on. Such
solution performs well for the continuous read/wite

Confl@¢ratipi @RS tvdnlihof aagidlyp %ﬁ&wﬁlﬁsha@, vohined LRUlCLrORRIY" scattered
in the case such as data backup and di saster

orgapizatian yshpisdesierpge Wae e shighly t Yabipdaps 8 cpasyarful i aoncept for storage
sys?e%g)ﬂ)t ot g@ﬁ’[&l ﬂ&ﬂf)iﬁig’j av&ilbilit§ aftl gbﬁlgfoﬁ{eﬁgt}iggtes. A key enabling
technology for shared storage is networking technology that can provide high bandwidth,

large scale, good connectivity and long-distance connectivity at a cost that makes shared

“storage an attractive alternative to the historical host-attached storage model.

Fiber-channel based Storage Area Networks (SANG) are optimized for high-volume block-
oriented data transfer in local area. However, since fiber channel is an inherently local
communication technology, fiber-channel based Storage Area Networks cannot really go
wide-area. A current solution of a high-volume block-oriented shared storage system over
a long distance is usually implemented to connect two isolated SANs using DWDM (dense
wavelength dimension multiplex). DWDM is using optical circuit switching. A dedicated
circuit (wavelength) needs to be allocated between two end-points for connection-oriented
communication. Such solution performs well for the continuous read/write operations with

large packet size, which could occur in the case such as data backup and disaster recovery.
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application, wants to access the data | ocated at such
a shared storage over a long distance, there may be a

wo omp/os2eni ng in this application. At the begiPi/eg2004/000008
such a | oop, a chunk of data is fetched fromthe
storage, and after the conputing is perfornmed, another
chunk of data reflecting the result is witten back.
Because of the huge bandw dvh available in the optical

ommai n . . €] .+/s) or .4 he 1/0 traff.i .
HEUTRE bl B, PRTEHSG sRRRAG SRt Saplicieni et o Bio Tnformaics
appRtdtien) waliam@cedsQhd datdliGaratak @libhthsshal‘b@\@té}ﬁ%_@o%‘? faYlong distance,

short duration and may be regular pattern. That is, a
there anay beadoen Fuaning in dhinepplicalian. Hé thedreginnifigeotisoeh artwop, ofhunk of

h [ I.0 tical networ sw t chi ng
ool G o b P her I L B B, b nunc of
dapl wefladtingythe fesaRipwirietes ba&llBeeiisk \of thd R Saidivedih Rdailable in the

techniques are used in the prior art for optical
opHigal Hematn, €& A0G JGigaka/s) er f‘@n‘g, HpiQ Hatfici geaerateddwi sueh application
o ; ot TG L .
i ipREth T R S R B aftbdnfiust WAL 3R ot duration and
mayobemegulenpatem. That Is, a dsdicatnd coadt isthetd byxtbeclaft ifladeinost of the
. Switch, each optical packet, which is appended wth
iM&e routing information, is transnitted along a route
that is calculated in each hop according to the
information within the optical packet. Athird
In theqirior gt @ptieal npfavosks svitehings supleméentedinnapticalchetworkh comacting a

pilgte Bt ol CareBRAHEF silbind Hshipfiare Al 4 Brio an or

urt™s y's
ophictl attsvodldd si mul t aneously, the optical burst swtch
met hod can attenuate the technical limtations of the

optical packet switch. In the follow ng, an optical

! _ _ e the.ocior ALt |
A 5 B USRI WACRSGRER ARG BRI brnst
between tho enydspaints fGonsectidapriented commoeicatieon. a dat a out put

102 froma data input 101, by using the functionality

of a switch matrix 103. Beyond this, the input data

WillVd séofd Ba6 IRSloptivaPpdiRetasWiRh! B BFBA pAlkefWHiPitappended with
modul e 104, a control packet routingunit 105, a bBFf er
theg FRNtigg Hatgmatiomi s 1gBmitiadh alege rig resattha| isscajerdated vintdach hop

acéop(ﬁng VY thé theSmtdtion within the optical packet.

A third technique is the optical burst switch method which can improve the poor resource
utilization of the optical circuit switch by statistically multiplexing data bursts and
simultaneously, the optical burst switch method can attenuate the technical limitations of

the optical packet switch.

In the following, an optical burst switch system 100 according to the prior art is described

with reference to Fig.1.

The optical burst switch system 100 is adapted to generate a data output 102 from a data
input 101, by using the functionality of a switch matrix 103. Beyond this, the input data

101 are passed through an arrangement of an input module 104, a control packet routing
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103, and an output nodul e 107. The current use of a
circuit swtching nmechanismis relatively sinple to

w0 eabigr3but requires a certain anmount of ti nePED8G2004/000008
channel establishnment and rel ease i ndependent of the
connection holding time. This overhead, mainly
determ ned by the end-to-end signalling tinme, leads to
poor channel utilization ifsconnection holding times

. very. short e pr ure ta optimze network i i
niP {65 ibte” Al Sce TS uBt 207 Bichnetog Frufh oS Y pwitch matr
103, bad & Sutp@SméRgaIs®ed attention on network

architectures that can rapidly adapt to changes in

traffic patterns as well as traffic |oads. Optical

cket switching all.ows od. bandw dt

e S U B R

a deRuav&howitese filey for OfHanfiél edatikihetWarld RdIBBe | Bidependent of the
difficult to inplenent due to the |ack of optical

conpgigprhodding simend s grerimad) mainly dateraringseb theaend-toiagd signalling
. Dr i C W ddy, [ t.swtching i s
im RAESF] A AR L P SR s s iy, gpor. o
predADM tovapiiadiangdtworki iebqircas amd|protptadx fordPr(GitérhetsprbloeHl) M@ffic has

and, pure optical packet switching with |imted use of i
focyssed atigntiontqnepetwork, arshitectures Higt in syidly dapt ooegges in traffic
patfeREREYeRQY traffitNgidsdat a can be transported without

optical RAMs at internmedi ate nodes. In OBS technol ogy,

a data burst cuts through internedi ate nodes w t hout

oriiel BRekPL v ERY ol B85 hihdBREH SliyRlidre dr ity RediaSabtibitiy in
the GPHRRd6Aain0 HOMel Erdresehilf, L pticBViacklistBchidBF:s HREANPIOEplement

can achi eve better bandwi dth utilization"because it .
dueato] thaslagk af joptical arndawm racergs apeneer HRAN k laad gitler aresesgary signal

&lgg %[: ft.bursts that may ot herw se consune several
Progiave eﬁ)g%)ﬁls}.’ In addition, a burst will have a shorter

end-to-end delay since the offset tine used in OBS

t echnol o i.s often nuch shorter than the tine needed
opricgF Bt §iMshite e pERGRRE fis PAEAYENEgY ROBRESJP over WDM

VAENS laSvisibF aRNEHISY diRuit RE/iBkih® and ' ing wi
(?Va'svvi ftfgghi nés?t echnt?pqﬂgs hgve E)eelngslr]o o?e%?fcbrlg# gﬁﬁﬁ&gmg with
hmleenAg)e,of ioph@éhgﬁf@rgrm qmlp@irbu@t BWjtching (OBS) technology, burst data can
be (rfiRponted Richdt eo%figzﬁ "RAMR e (REReai N DodQ. OO OBS technology, a data

burst cuts through intermediate nodes without being buffered, whereas in packet switching,

lg utilizat ilon"b .
EVA T j[falize but requires

a packet is stored and forwarded at each intermediate node. Compared to optical circuit
switching, OBS technology can achieve better bandwidth utilization because it allows
statistical sharing of each wavelength among the flow of bursts that may otherwise
consume several wavelengths. In addition, a burst will have a shorter end-to-end delay
since the offset time used in OBS technology is often much shorter than the time needed to

set up a wavelength path in wavelength routed networks.

According to the prior art, various burst switching techniques have been proposed: Tell-
and-go (TAG), in-band-terminator (IBT) and reserve-a-fixed-duration (RFD), and so on.
The TAG technique is similar to fast circuit switching. It transmits data bursts without an
acknowledgement that bandwidth has been successfully reserved for the entire circuit. An

IBT scheme reserves the bandwidth from the time the control packet is processed to the
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The TAG technique is simlar to fast circuit

swtching. It transmts data bursts w thout an
wa@edosoededgenent that bandw dth has been succeBsT/sG2094/000008

reserved for the entire circuit. An |IBT schene

reserves the bandwidth fromthe tine the contro

packet is processed to thetine the IBT is detected. In

burst swi tching based on RFD, bandwidth is reserved

for. a rati o ecified.hy. each ,con | . packet which
gl th HEY E OB IR Bk SHu P BB ATRORFB, oBAFyiGihtreserved for a
dbaishpdtificd ®yesaviathbifol paclet Whlkch elisgihated @igg&lnﬁ% BRerthddaland offer
i s an RFD-based burst sw tching protocol in the
effigienicandyisimroservationmsesd6s t wo uni que characteristics,
nanely, the use of offset tine and del ayed
reservation. These features make JET and its
JueBER@ighTifhe (PEE) i8 ah tRHD-Baded bufdBSwittling PRtoddl &t 8 Qpsical domain.
based on TAG or other one way reservation schenes that
It adopintvosrigite pragisristins, pasmaly.dhe wseef offsetdimp an detayed reservation.
S\t € hj . ngl ire in
Tt foghlnds HakEURToM S MhBhs BRI SBRBITE: DIET b Dl Plotocors
basérbor Tt oonther dosrwvian .resérvadon schenmeache tdopic? adasiSeiwesyboth of
data burst. Bo tpe cont r ol Eacket and the . . )
thess PSS ITET H’S- 1 alogssaqitching ok daia Fhanagls sptingly rtheeqtical domain
' hgoll pHéRaD el it N
b R LRl el MR Mt R Pl rcR B RLES every
dateebuetetr BoHethg aoptrolapackett andahe kerrgsponding idatg toifist eea spamted by an

nd.to | ewer. th Pt gel ectroni,c processi capaci t .
off P e A 1abikTe 0% B oS5k PRAG 2B S5l I RRRGSn o swiching
ofedstartauedtd Sl their FeadeShElL RTadiBtatXthe prReksing THRR®RS and to lower the

prioritized services in the optical domain. Fig.2
Optelqe4PRi4 (RERCEFHNG CAPARIhEraP ke diptargpatennodi Moreover, by assigning extra-
&5 I, ; ; r 5
oL PAREIER 4010 xS bt AR SFHES T FATRHLA R
conmput ers 207 according to the JET nethod known from

the prior.art. Al ong.an a i.ssa 201 of the diagram
Fi dgUBTEs 15 bl il APE L Ehstssion 269 tugst B8 fom a source
coftfphick 265 kO dEMIRUSEEordfilfier ZD6VEP (R i
gfrbgi nate 202 of the dlﬁlggr am 200, ?ﬁigatﬁ%a%@n@gingﬁcﬁédmg o
th¢ EEF mgthed kpewa fropsthe peoicaih gat her from the si gnal
configuration at the node of source conputer 205, the
burst 203 is preceded by a control packet 204
Alonguabicivga 20N bf tle diagiram 200] the palBulicrh tBDSourée ERFRYED05 to the

conpared to c 61 rol packef 204 by an offset tinme 208.
degy]rgggp &orap\atgég é isgepreseqted. Along an ordinate 202 of the diagram 200, the

transmission time is represented.

As one can gather from the signal configuration at the node of source computer 205, the
burst 203 is preceded by a control packet 204 containing control information. Burst 203 is
delayed compared to control packet 204 by an offset time 208. By said offset time, the

delay for processing the control packet 204 is compensated.

The control packet 204 contains information necessary for routing the data burst through
the optical channel, as well as information on the length of the burst 203 and the offset

value 208.
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del ay for processing the control packet 204 is
conpensated. The control packet 204 contains

w0 nfosoems4 on necessary for routing the data bupGLt/SG2004/000008
t hrough the optical channel, as well as information on
the length of the burst 203 and the offset val ue
208. Anot her inportant characteristic of JET, as
di sclosed by [4], is a del ayed reservat|on mhlch W||

d b the f. f
A{“ﬁ i iﬂpg ?‘gnﬁp%%eréﬁ’(fvﬁ?ﬁ%ﬁg <§ s é\ﬁg .[@r K at yle m@e{vgtlon which
w4 idaR Sheefol oW glpetetrid® b a Q@-Em'aﬁc afRRlifah B0DSREWY $n Fig.3,

t he bandwi dth on each link just for the data burst
whiueiatthetime pohown algpiga timeaxis 30t. be the tine when the

first control packet 204 arrives at a node after the

control packet 204 is processed and the bandwidth is

JBTeRQyYRed fofesdrbe tHeetdnadidth @mehéh Klﬁlhﬁlst forehd Bfa ®@is@ duration. For
burst 203 arrives at a node) to the data burst

expyplegdft dt' ibsrife timei \ghqrh@lpefagte@mﬁbpmuaﬁmmves at a node after the

o 2B SRS BRI KLted BB e

tile 82daanbusa03 2rn3a3) atshavde)ito tHIg. Ghe d@d®uyst 203t dutdtion). This
. (case 1 302) .and t2<t (case 2 303), the_second burst
IH%F‘PSFS st b @QW&? 1B gitikigation eRd fféacetsrfa% Prababiligy ghak aj laurst 203 will be
(hﬂ@ﬁﬂter than t "12- However, when the second burst
ng TAG arrives at t2', it wi |l be dropped because
there is no buffer for |t A signalling architecture

for S net wor i fferen vel engt h..
For Seuphiey i Eaentesd 10307 ngd g 2 a9 Bov P igra, pamely oL
(cds8 10302F b4, l(fhsé @]303}\ tBE SdcaRd Burbii it n&wetcﬁ&wee provided that its
architecture with a wavel ength reservati on schene

lengsh jssgonigs thangm-ti- dlayyeyer, sden erﬁefoﬂjd buﬂ‘%}lslggm arrivehat tp, it will
begglyépz,%d 59&35%9@?%3},& b,%ff%sfopft JET, JIT and Horizon. [9]

oses ren urst swi tching architecture and

a class of mavelength schedul i ng algorlthns [10]
di schoses wavel engﬁg\%sched lin orithm and
A SiaRgiingsas Fitegurt, (R ORS EPENEE ﬁe tersny wavglsmethn gervation
KHnsC 1R REd kdad Rist-ir-dchk (HESCHI iror il Yeabie
% aseé on JETa gjrSt ;rul ti -?IqugS, (?ér%g(%sfecli E’ﬁ [ﬂnpf%ﬁ;&s Yo Eﬁrrslrte,swltChlng
architgeture with arwavglepgihgesereation schimmendied dfngizon of fiselbsed in [7] [8]

cofiBe ST HoblpHE b A R AERR i »
burst switching architecture and a class of wavelength scheduling algorithms. [10]
discloses a wavelength scheduling algorithm, and compares it with the wavelength
scheduling algorithms disclosed in [9]. [11] describes a priority scheme based on JET for
multi-class traffic. In this scheme, higher priority bursts are assigned longer offsets than
lower priority bursts. [12] analyzes approximately this priority scheme considering the
class interference, and discloses that the burst inter-arrival time distribution has only a
small impact on the burst loss probability, while the burst length distribution and the ratio

of the mean burst length of the classes have a great impact on the burst loss probability.

[3] is related to the SNIA (Storage Network Industry Association) standard which is a layer

architecture for a network system of nodes sharing common memory resources.



10

15

20

25

30

class interference, and discloses that the burst
inter-arrival tinme distribution has only a small

WO pans72e6n t he burst | oss probability, while tPer/barme/000008
| ength distribution and the ratio of the nmean burst
l ength of the classes have a great inpact on the burst
| oss probability. [3] is related to the SNIA (Storage
Net wor k | ndustry Associ atio@ standard which is a

| ayer architecture for a network system of nodes
Sggﬁéﬂﬂﬂgg@gﬁﬂﬁﬁﬁﬁennry resources. Summary of the

Invention It is an object of the present invention to

provi de a control device and a nethod for controlling

It an apmbjeshlof dbg areserdrisvindiondn provide o pontrol dieviae sindr £ dhethod for
star.age net.wqrk systemw th I npr.ove rf ormance

cofflife an Py R e FtsaiRsr b &y BorrREEd Seleaoas Sk system

witH 4n impiévedeA6imdnze aﬁJ‘q&N@)dopéér\Hé@(ngg @8mparE@ {hg getzlgted art.

device and a nethod for controlling the optica
transm ssion in an optical burst sw tching node

bet,we a.sour.ge co ter an destination c uter, .
TS SES T R BATRAIC REnCUSTR D el B SRiing he
optibt datfratfsBissRACIArl sigichbiriteswitiaipenodenbetéead Afource computer
According to the invention, a control device is )
ang adssHRAion iompgkef.r 1d) yhpraviding psherad stozage netepknsystsimowith the

fea{'tﬁ}eéyccgﬁﬁli%@ tgpg,ggécnggﬂt_tcﬁﬁ%gg nmode between a source

comput er I'nation conputer. The contro
device is connected to the source conputer and to the
tination conguter. Furt her the,cg trol device
t

de is .
Acgidiie-lg b6 IRVERHAR: 4 fontel deyice is provided dar gontiollings et qntigal data

trah$rRiRRibA Gn SAH LB cal AR &hitdhbhg RRdIE Bk OA Ot RHkhter and a
the length of the burst is determ ned based on a

degiimetion: canputerd iTha copigol e vioe 48 cenrieetedd 6 ther soviceecamiputdreand to the

y ' c e based.on, a predeterm ned
e AP e SO IRREE 0 P B St b o
beitrmsmaped feii she bowaes cdmpatonto the adstitiEion lcompare, Hhedbngth of the

occur(%ed. ) I\/Br eover, a shared storage network systemis
bugst 4y idgteamingd thiged QD ehiPPEINCtI oW gn savadhle diuftse sizeeof the
: | . . .
e 6 N REE Sl L AR V8P Pl ndicating o
tingwifter whieh imprdpe batrstéransmission s asunakte thavnbeeatootagel.
server each providing a storage portion to the shared
storage network system and one of at |east one storage

MditdvRRta SkiAGT €drdee MRBVARK I REmaR PreVidd by ShAfiR8RSor, LoRprising a
| east one stor age portion of

control device having the above-described features for controlling the optical data

transmission in an optical burst switching mode between one of at least one storage server

each providing a storage portion to the shared storage network system and one of at least

one storage client adapted to have read and/or write access to at least one storage portion of

at least one of the at least one storage server, the storage server and the storage client being

the source computer and the destination computer.

Beyond this, a method for controlling the optical data transmission in an optical burst
switching mode between a source computer and a destination computer is provided,
comprising the step of connecting the source computer to the destination computer.
According to a further method step, in case of a burst to be transmitted from the source

computer to the destination computer, the length of the burst is determined based on a
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at | east one of the at |east one storage server, the

storage server and the storage client being the source
W@ opsRB4 and t he destination conputer. Beyondpe862008000008

nmet hod for controlling the optical data transm ssion

in an optical burst sw tching node between a source

computer and a destination conputer is provided,

conpr|S|ng the step of conneg¢ting the source conputer
0.a further

% tlnat on cp &eﬁ Accorg @g é

P?Fé‘{“ﬁ g ‘cSB g e 8%"8 B StZ8t 8T bBCt fesHBRHAY camppigh and a
piclite BEMHES IntUP WhRE pRarhél8r URBEHINBLA AU ANBUGich ﬁrﬁgroper burst
Iength of the burst is determ ned based on aparanet

trapren18seaTs I8 gssamed vahavgthieen perutred. si ze of the destination
conputer, and a predeterm ned tineout val ue paraneter
indicating a time after which inproper burst

Attt Saidoncdrs of SifelifBehtion dARve sbaLi @sCHE ﬁﬁﬂsmléslbﬁéf § burst is
i dea and a core of the invention can be seen in that

coiolleq hasel 9 dptegningngp thestength cdntheobhist! tbabedramsmitted. Early

e mtted.
ORI 1500l o DR VB bl BT\ blkompute
tot the H&tlhatmmmﬁml&d Bef@mstitingthe basst Glonp teadatd path Blows to manage

é g{utl on con(‘gqlrner li)afore sendi ng.the burst al ong
a’tdh stbuie pafhpresaurees for (byrsinimbe tanamittesk i putesy shfiGient manner.
tSot r y,
A & ahe vl o JRalde AR Byt Shbaid burst tengih
eqbamtmmu Inamelyareamevaiablearbafienclizededf ithe siestination stomputer and a
’ﬁgg"&}g qstt 3) qn nams{ﬁ}/ an avail abl e buffer size of
PTER% 279 'HRT9U6N B%Pr?fﬁ’iﬂg and a predeterm ned tinmeout
val ue paraneter. By considering the avail able buffer
size of the destination conputer as a paraneter for
Br sensileriag thecaygilable buifer fize-afithmdestipationcomputar @s y porameter for the
§tqé’1gﬂf @geﬁm‘ﬂﬁ%mﬂ #Ugrrc'gec{n%yt eakﬂg&gniedqgat a Iutr %gtg{ftﬁ?dn although

UI'S oes not r‘ame condi t ons C

the fharsb llltﬁfgdr dabis nh sneen fnaﬁletdmadlmieﬁst bdﬁﬁi‘atrﬂ):fg thertaifife® dim&i¢ion of the
t aki n f.ailures during transm ssjon of

e s pEisT, el ol SHB oA HUE Ghr (G Smssion o dedurst can
beCre il EAn 63&airgd bfydestiftioh tesin
anmount which i Sénot con‘pgt Fbﬂgm%f ?d#ag:gg}{ ?%gmng Aaflsmitted
dagioarpenné whichg petcempatilbie phibglestinatide dompise eroseurges; ik ¢hus avoided.
burst length determination is realized under
consi deration of a predeterm ned tinmeout val ue
Mproadrpt e  bogi Clehgthg datetmineticd tier radized iner ogfkiderkish of a

predetermined timeout value parameter indicating a time after which improper burst

transmission is assumed to have been occurred, e.g. an NAK (negative acknowledgement)
is sent. Problems can arise when the dimension of a burst to be transmitted is that huge that
before finishing data transfer, the system assumes improper burst transmission, since
transmission time exceeds a preset threshold. By taking such a timeout value into account,
improper transmission of a burst is reduced yielding a better performance for transmitting

bursts and a more efficient usage of bandwidth of a data transfer network.

A basic idea of the invention is thus to implement a data flow control to accumulate I/O
traffic in an edge node to be a burst with a proper length before the traffic travelling
through the network, preferably an optical domain, and then to access the optical channel

in a highly sharing way and also with differential service supported.
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transm ssion is assunmed to have been occurred, e.g. an
NAK (negative acknow edgenent) is sent. Problens can
w@eooseeieben t he di nension of a burst to be trarsnse10d000008
is that huge that before finishing data transfer, the
system assunes i nproper burst transm ssion, since
transm ssion tine exceeds a preset threshold. By
taking such a timeout valued nto account, inproper
transm ssion of a burst is reduced yielding a better
performance for transmtting bursts and a nore
ARdthérCkeyndspe& ageth® fineafiovidtd ipledestaduen taf &MBbE Hevice in a shared
net wor K. basic idea of the invention is thus to
storag eatwark sysigafar condwllingrthe Hpnsmyssaercefmilburstdetwd@n a storage server

ftic. | d node t a rst with.a proper
foblinhle” . R B RRY B o FOIRE bl gcfirihe s a storage
con@inip nodp cefistiaty Yiotuge @b tthe &tbrade REivEr viandreh® @Rd/bP write access.
access the optical channel in a highly sharing way and

Starage Poitiops of; ¥ Rluralitit of{pmeierstqrage sstyspidil e eioragoprneidingapdes of the
[.nyv j 1S ' . t ont r ol

neRE0RE bl gl 50U Qs 3ol TRUATER 12 UF 8058 bAbe mor

staragd clizhisi(ne stdraget conmaning Siodes) dffora alreimste positioR @Ma @lobal network.
storage server functLonin as a storage provi di ng node

TheROragSS FYL JBNC ettt SAIEES SHmRItET£8d AN pigFagg slient may act as the

deSERSBAT cﬁﬁléﬁl@:g QIuFApSHMAAJa&EQ! a8e s%ra%ah Rl %had G % Y& source
" via a read and/or wite access. Storage portions of a

copiputeaphd the sforagsmetver Brapralgs thedastngiofi copputst durmgea write access.

rovj di nodes of the networ nutual | y.forma huge
Tl Kl RAE ety ah S ROHERGE bothle Phphupeng agna storage or
meéhary 30eic dfedath slorage prétifinagede orustontméP f6pe rdso@decan be
renote position jn a global network. The storage
shared vsFy gHiFieadly, sice hurss denstie cenrgluasseciaterd vithea glatsr tapsmission
j t est: | [ i 09,4
befide Ry B 34 sl Shon A SRGRIRH) The Q00 of the
ineotipuit Eherefioce, tdata Staosfagavithin ke shayd aadrages neth@rk system of the
. destination co t.er duripg a w.ite access. This .
ingep o llorry DXL R 4SS ane lislibllion, i dals frausmissigperesources in the
nefJiRUM Ng node to each storage or nenory portion of
each storage providing node. Thus, comon storage
resources can be shared very efficiently, since burst

r, ' ' . data transn,ssi on .

A 5001 B2 enAS306LE S 9.1 HERRLLES. M rents i an
opticutbusst flew aby thehaismgni tupét tavhissiod netod préwi@dd BydtRe invention to
Ther ef or e, dgt a r,ans[],er within the shared storage )
acerst sy RPUSAL tcharmst 1R e MighVeshariag mpmmshavith Qesy(quality of service)

su;rﬁi(;ofgﬂ;.) girr?g%lb}i’?] Eilgﬁ?@rsg hétt BUub@AniRld SR IRpddaBRR A S R determined
window size (CWinit), a predetermined packet size (P), a round trip time (R), a peak
service rate at a client (u), a parameter indicating an available buffer size of the client size

(o) and/or a predetermined timeout value parameter ().

According to preferred embodiments of the invention, optical burst flow control (OBFC)
system and method are taught to enable a network, preferably an optical burst switching
(OBS) network, as interconnection network for a large scale shared storage system in
WAN (wide area network) or MAN (metropolitan area network) context. Major
components of the provided OBFC system and method include a dynamic data burst

assembly method and a random burst eligibility time method, which is a burst reservation
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network. A main idea of the invention can be seen in

adaptively determning the burst length in an opti cal
whewosoe2BoOw and then using a burst transm ssi oPCTrRGHOH000008

provided by the invention to access the optica

channel in a highly sharing manner with QS (quality

of service) support. Preferably, the burst length is

determ ned in dependence of @ predeternm ned wi ndow

[ CWni t ket

andgtitanispiop e RePOEh AR PSR RN SeE, Cliid Siomee network
syﬁt’éx‘m? cén P&l @laslan gk 6@&&1@ disBibufdednh Rl sford § a@{emsﬁrﬁﬁ an optical
of the client size (a) and/or a predetermhed tine

HWY&@SDBFCMF@IO(IWWGXBC%@ istogageoclisntifecvar gwdes in the network are

nbodi t venti o urst flow
inB ARt bl &sert O Bere R MlestdBsr o, sivgis prslindispe storage
seBvef eépmkts thé @foﬁgebslema@ cOmtibe@n RUhstcoshdit Rofge (sﬁﬁ@& by the
network, as interconnection network for a large-scale

stogpger dignistod thegihazed stasage netwonk systeweEaghestoragsa potit) isativided into a

pl%pgﬂ gﬁ@:%{ g&g,lf éﬁcﬁgseg{ogals Wd%ﬂko Con{ureﬁ %nmfﬁo 8 virtual block

idéntiiet|being askysmatafﬂ o @atchaofbilie Hlocks smbthm tne‘emdtyambuaof the virtual
ibility time nmethod, which is bur st

nd b
D10 oPUMIeTD AR RS PPGRRoiorEs) BlobRcbIRGR ddrei g Iy which-sach of the
Vi Bﬁ)%ﬁ ?(Rlnﬁfl% ?é' SYRAE %&%T@Jkeiq e %F@glgll ﬁb}é‘@{] Fié:gtlﬁed by a

system can fgned as a | arge sc
glcshahrbmksaddrcageThwﬁBéiﬁ wiethpdaimtrogtded agreatht inmrdasedsoptical network

weligB TR e d AR ear s oy P COMRERb A€ Totagport the high

bafdwidth HdthaHd0indofdaiabR) QIR Sof %ﬂﬁc&‘(gbg)gréqﬂﬁéxhérﬁrbfoaf large scale
each stor age server represents t he st or age server

distrihited shatedStorags syHemeormon st or age shared by the
storage clients of the shared storage network system
Each storage portion is divided into a plurality of
Thegcthersystemaishdesipntdito ipgovddes adettet Bhdtded] solation Yorohigh-volume
ocks, .a virtual block identifier being associated to

bleglsiepied {8 BHAGIBR VST ot el UplrIPpistREtBprky by igpreasing the
utlhﬂﬁloﬁ'ah@ Hﬁ' shﬁ’ﬂu%:l'évél denty fid @k Sphtal tdbﬁafﬂl ocks form a

gl obal bl ock dress space in which each of the
V|rtual bl ock |dent|f|ers |s unlque Thus, each bl ock

e al | tified F | ob égé]g
n DS ERethER HohFOh  5 RB S8E cnon
is pmtnld%llo é’tﬁbl&ﬂhé(ﬂbbhbllelshﬁingwhdaﬁgh RkAGon bf e 'obﬁ@il @hahel for the
the interconnection network to support the high
I/O generated traffic to support a high-volume block-oriented shared storage over large
scale network. Major components of the method include one dynamic burst assembly
mechanism and one burst reservation and transmission method. As burst reservation and
transmission method, a random burst eligibility time method can be implemented. A basic
idea of this method is to use the flow control to accumulate the 1/O traffic in the edge node
to be a burst with a proper length before the traffic travelling through the optical domain,
and then use the random burst eligibility time method to access the optical channel in a

highly sharing way and also with differential service supported.

According to a preferred embodiment, a globally addressable storage network system is
provided as a shared storage system with a single storage address space over optical

networks. In order to cooperate with the optical network, which could provide nearly
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bandw dt h demand and scal able Quality of Service (QS)

requi renent of a large scale distributed shared
wermsagrisyst em Thus, the systemis desi gned POI/SG2004/000008

provide a better end-to-end solution for high-vol une

bl ock-oriented data sharing over a | arge scal e of

di stribute networks by increasing the utilizati on and

the sharing level greatly iy the optical domain.

e €0 SALY sl M B PO e

sh&rmg dridekigh | weilightivni oW)tha nsptidalgkhadhéll tbzlﬂhlkeoﬂ)eo(ﬁptfcgfaburst switching
channel for the |/O generated traffic

tical
(O§ Sbfﬁﬂ"'f)r kesupfabl ag HiterRRNISFléRIKneY Prkfor d larpeisaatt silamdaug;(aage system
S
in WA ot VAR, SORYE ML Eltport e R R St B i dymamic

bumhabsmblybnediants&smd/aﬂ)uan &8 atibR ARAIRALMRsITR IhQRbd &Snoted as
at ion and transm ssion nethod, a random

fana rséﬂs%‘[’ HY {img methad. et hod can be i npl emented. A

basic idea of this nethod is to use the flow control

to accurmulate the I/Otraffic in the edge node to be a
Aftpy thst bwtt length g aletermined gickorbowetht Hgventiah fan@ traffic starts to be

th h.th t |l d dth
soch Rl a0 TSt Biony i apgmissie el drevodedc b gBe tinention
nan@fly radbmchagngiibility dind Sieihd Sﬁlﬁ bé Qsé’@&’) cﬁﬁ%ratlhg Pul¥t e burst

differential service supported.” According t
lengih é‘ﬁ@rm@atl@hﬁ@mrmnon&tm to tba|pkgfeauur;msﬁ>ahecebabm@@gmg out a

b d_as sha ed, storage .system
ur&q{aﬁﬁgﬁsslﬁ% gfee d: arrgéugé/ri dl ¢ 8Q- gal eéiéaré O&B‘frs%ig%ﬂ]é‘y time method.
networks. In order to cooperate with the optical

net rk, whi c oul d Pr ovi de nearlyunlimted
‘Htaﬁpecéﬁ’ dpt SNl car be|sen dbrihatothe favhednirel is used to

accnﬁlfuﬁl‘z(ieﬁkﬁé1 /P usfiRhb ®efd Gk ﬁlé %QQBE«{}QF@M bEfoge% hhe téeﬁflﬁf: Jdravelling

utilization of the optica
throygh ke gpficat Idbmgm( @BS)thmemw kustirdsatvhiorf@nd transmission method,

I I h d
narﬂeﬂ{)?agﬁgﬂﬂnb g{t e(flgl;bllet%AV\%n eﬁma o) ar%}% %}geﬁ/ggt&?ﬂ glg)qeﬁgughghg dighly

shamfgwneaxﬂ&frsaxaiug@ﬂetdmﬁhusaﬁh@%@ porignam ¢ burst assenbly
mechani sm and a bur st reserva{Jl on and transm SSi on

nmet hod denoted as random burst eligibili ty t| ne

A i MR is A eh ngt deb b f
T the nvent?égﬁﬁgﬁ anS %]?dtgd( S ?rgp%re gﬁ‘?ﬂﬁt Stt%rﬁf; to be
preparedurTde preperlength aof rhadnirstabslm sedummwmrd@é@wydg&lded by
neg(g%tmg ?he R(\fﬁngacknowledgemcnt) window size, based on the parameters contained

in the I/O request, such as application require rate, application deadline and so on.

And then, the server preferably will randomly pickup a time between the time to prepare
the minimum burst and the time to prepare the full pre-determined burst decided in the
burst length determination step as the eligibility time for the burst transmission. Since a
high priority application will allow shorter burst to be created, in this way, a high priority
request more likely gets shorter response time and lower blocking probability. Low (or
lower) priority request gets slower response, but during waiting large traffic could be

accumulated. Thus, network utilization can be increased by this fully accumulated burst.
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namely random burst eligibility tinme nethod, may be
used to deliver the burst. The burst |length

waledosoaizeat i on is a preparation step to be preper/sdrog4/000008
performed before carrying out a burst transm ssion
met hod, particularly the so-called random bur st
eligibility tinme nethod. An inportant aspect of the
invention can be seen in th the flow control is used

accu I, e .burst ith.a
TR HOH Beforbion i bk Mo pirpradv® BF aDupItoR ot shaignfovel of the
optiegl dupd tianhel GRWRIVES, t1AS Ehetodns H@t%rﬁté@] r@){)t(f R84 QRation. It is
and transnm ssi on method, nanely random bur st
ingleadya Beneral ;ﬂptht&lréatﬁétansmlssmb nwdmisédsmh dataghinnal amdhantiell channel

differential
ark BB Q9 Dot B 1O R e St Yl e B e o
It Esﬂﬂiﬂﬁﬁﬂ]aﬂ the AEVAES, €k syStey Afdathe hRMYdIbrlony Fﬂ(ferﬁfoﬂreﬁé‘lx 4@ rSted to a
Eared The proper length of the burst to be
geaér@ wRfieH cilq rapseissiemiseiene distred dycaneeoingaenlpgthe Haffic burst
{acknow edgerment) w ndow si ze, based on the
par Afreters contained in the I/0 request, such as
application require rate, application deadline and so
d.th the server preferably will randonmly | i
tn g, s Brefiens SHsdmeres o hsrcopipledinie aFithy ingeation are
deBéHely and the time to prepare the full pre-determ ned

burst decided in the burst |ength determ nation step
as the eligibility time for the burst transm ssion.

i PO i TaCb bl PO G s onih o 4 Y ilprined futher

baseloke ah iR winde®! ¥iz€ tdicatii@rat Bimb&@ SITONSE phdkeB WhHih the source
| ower bl ocki ng probablllty Low (or Iomerf priority
compyigeds aglet to sendnbeforeawpitingefor pamt a@@pwmglgmmu By inghging this
pabiftior RO 0F S ANEE ipbRtR: LR PRl ision e dp dgoroper
bulsti temgthTdae b wvesitledrwvith fontizm smr&rsedarelmlslht;s ﬁﬂ:lﬁding N fiYdineter also
utilization and sharing_|leyel of the optical data
cOBSiShR PG PRI RIS, S HBNIOE ihe SPESIQf 4 Jurst to be
traBsthdedtraffic situation. It is instead a genera
optical data transm ssion nethod. Al so, data channe
and control channel are preferably used together to

TR O o KOS Bl ST P PR o PR3 e

furithiey ebakéd On ea phcket elzkeinatceﬂlng the? sige AT @ta PREREAWHEER Bhe source
transm ssi on schene instead of concerning only the
computey is-able, o gend: Bysinelyding this parameter in the determination of the burst

length, another important source computer requirement is taken into account when

si

determining a proper burst length.

According to a preferred embodiment, the control device is adapted such that the length of
the burst is determined further based on a round trip time of the burst transmission. Thus,

failures during transmission of the burst are further reduced.

The length of the burst can further be determined based on a peak service rate which the
destination computer is able to service. This parameter, again, is related to the operating

frame conditions of the destination computer.
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In the follow ng, further preferred enbodi nents of the
control device of the invention are described. The
w@onsnai23devi ce may be adapted such that the |pomsé2004/000008
the burst is determned further based on an initial
wi ndow si ze indicating a nunber of data packets which
the source conputer is able to send before “waiting
for an acknow edgement. Byjibncluding this parameter in
] ' er, bLrs . .
Mol P MieSonbE et BE Q03R4 1 i BleQRElo, BT byt is determinea
in depeiddect of 4 mifinmuinh &mciiore dgRaeidg o€ theaRirahétyr indREHMIAN Svailable
f]E‘:his pgran&ter al so consi ders source conputer .
buffeg §if OF thentestinasion fomppier Andh derending of dherpredeterntingdstimeant value
i T ; ' er he
pargfietf BRI S me W h SmpREH B Bt dfimed to have
beed edcenmedh ebhif wontténativa sefd paramatepa pkoviides | Z aitivdiaglgt Adv@ntageous
d tthe §.i ze .of dat u?agkets i]ﬁqh the source conputer is
eteqpiimalpg Of dRIPIPU PN ABF BHAVS b RREIBEEPHicient Heage of network
datPeiRmMEsivatrenr@k. t he burst | ength, another inportant
source computer requirenent is taken into account when
determining a proper burst |ength. According to a

B T T MW L A

the fsbiircf@bmpaee din€l the &R6NA the | dAtal [dTBe UanbiifteR WeRbrally equals the
transm ssion. Thus, failures during transm ssion of

deteympneq length gf e yrst fobe rersmites]. Impther wardishdasd ist dveurbulatet! until

the & f 14 j n k service rate

c RImHEAT St 87 (RSB R OB R Rl Al

thenT Riss withr lmndware , frang@iconditionsr ef eieeshstetn sbah@PWitRithiR0data size a
i on comput er. Mor eover,

fr condi tions of the destina
Suc‘?ﬁ%“ﬁé‘ﬁ#l“&@’ﬁ‘é@?’&%ancl&ﬁ?}b@ %&i&ﬁ?‘id such that the length
of the burst is determ ned in dependence of a m nimum
function dependi ng of the paraneter indicating an
The gortrol sleviee arf beegdagied sudf thath basdd onithraddtominedripngtie of thaGurst to

iNg esoredeterm ned tinpout val ue paraneter .
be |gn ?‘gg%dljnrﬁgé\urﬁémfe&ag ? o l&ﬁgc G &?‘Bﬁggpf‘é? Thifresd and ‘the burst is
tran$miated. "1k a0 sdrsatimSdilBgs tat Baotghke®res ot fr&din thBinStwork for

conbi natjon of parameters provides a particularly
tfﬁﬂ%{%&}&ﬁ@é&f&&&@@@?ﬂf Hadesued birsthblegkingegr dslayst | engt h

and allows a particular efficient usage of network

The control device may further be adapted such that the reservation and transmission is
realized using an optical burst switch network. Thus, the system of the invention can profit

of the advantages of an optical burst switch network.

The optical burst switch network may comprise means for sending a control packet
followed by the burst after a predetermined offset time. Such a control packet may contain
information necessary for routing the data burst through an optical channel, as well as
information on the length of the burst and the offset value. By said offset time, a delay for

processing the control packet at one or more nodes in the data path can be compensated.

The control device according to the invention can be adapted such that the optical burst
switch network comprises means for sending a reservation confirmation packet indicating

that reservation has been performed.
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data transm ssion resources. Preferably, the contro
device is adapted such that data to be transmtted is
wa@emsnsi2ad ed in the source conmputer until the BCEEGTN4/000008
the data to be transmtted generally equals the
determined I ength of the burst to be transmtted. In
ot her words, data is accunul ated until the accunul ated
data size reaches the deter?Ened proper burst | ength.
This anount of data then fifs with hardware frane
conditions of the systemso that wwth this data size a
As uCAtesiative QUTtEE prévad\BIY 86dcAbed ambbdikftn, B 6P \RYice can be
The control device can be adapted such ;hat, based on
adapted el that b ressrtgtian ¢ad tirpaspission i deddiged bandimidingsdn the time
Vit [s re reserved and
d(§ﬁ§8%@l§t dl; QE %r%%%gﬁngq {n}eddgglghagﬁl gy?uerétes ?I\C/%St i on ensures
t hat enough resources are free in the network for
transmtting the burst. This avojds undesired burst
Inyfassood; hpedstCratined datapath ogriransmisgionof sherysts afdeastonepiatermediate
e that e [ t 1 SSI;0R | o
B RN T R AL B AL VR SBE, |LAPIEY BB Festinaiion
canfpmites ygdyebe ahpltiventedaentdaoke staragprcomptiteofort Bmporarily storing data
net wor k. The

ant ages of. an,optical burst switc
’eg'g“t\ﬁi ‘8&?9 Ha?%lilt‘%ﬁﬂmlgh'Iﬁai‘%?%rwylvlm% PRg 8 daipath jospted between
the SO\ EorRp RGNt Qhe @@ﬁhatonf&Hpgv&,dinEme&iﬁle Qgg@ktgtf’sf %}ﬁﬁf &id path

predet ernmined offset tine. Such a contro
mayproxida thenfuaeticaalioyrofiensparatly stdring thedata trgbe tansohitteal. Thus, a loss
st thr an tical chanpel . as.well. as
ofthfSpn b A A0 BBl o B rsPeon i ipermmeqroperty.
value. By said offset tine, a delay for processing the
control packet at one or nore nodes in the data Eath

Thespnizel darsetidhe syentieels pFerbly afapicd sugtthet emdasghe dength of the
bulrdl§s HAVSNhLT vt r?sgr\%gaﬁ)gﬁdj tr§ﬁ§§lnssti$}ia£s Cﬁe%nﬁ%’o‘ bagsg{jjl on a random

burst swtch network conprises means r 'sendi n
burst shgibdity tmeauathed, hadélivar tha opttalibndt.dathis gortéraf the control device

. reservati has been, perf ar ned, As alternative to,
s L PRt AP e Bineaieendts Tpndo ismert guminimum burs
andetié GBneC 8 pRParRURBEIE rEdbrmtilgt bhRe i %@6%%1 pRReARY as a burst

transm ssion is realized by dividing, in the tine
elighihily fime Axssprding ¢ His configanitioned serven wall phndoaily tpjckodip a time

oL i ol S8 GRS Bl -
determined burst decided in the burst length determination step as the eligibility time for
the burst transmission. Since high priority applications will allow shorter bursts to be
created, in this waty, high priority requests more likely get shorter response time and lower
blocking probability. Low priority requests get slower response but during waiting large
traffic could be accumulated. Thus, network utilization is increased by those fully

accumulated burst.

The burst length determination on the basis of particular parameters combined with the
burst transmission through the random burst eligibility time together allow for a highly
efficient data transfer, since these components are adapted to preferably function together

as a whole.
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conmputer located in the data path between the source
conputer and the destination conputer may be

wo ppseerst ed as a cache storage conmputer for PCT/SG2004/000008
tenporarily storing data related to the transmtted
burst. If data are transmtted along a data path
| ocat ed between the source conputer and the
destination conputer, internediate conmputers al ong

said path may provide the f ctionalité of tenmporarily
Althoygh ﬁtj abpee grabedimgnisdaye hepardeseraied relaled to shq eppgrobdevice of the

_ ' . ) narl @i . ;
infeRlin 20 B MR CEBoUMALS LRI Be Rl B B mphod of the
imaatioe forafontrbiéing eetransomissicn of ebersglahy canlapb @d ifipldmented in the
tﬁﬁt once the Ienggh gf,the,burst Is determned, a
shyged sprage BeWeEk $YSKILALERE INYSB8%S si on is perforned based
on a random burst eligibility time nmethod, to deliver
the optical burst. In this context, the control device
In the followingy prefearfed reatblodineahéspefattie sheréd sthaige aydtémef et ineamnion are
d th@ éine to prepare a mninmumburst and the tine to
“¥r'8P%re a full pre-determned burst is randomy picked
up as a burst eligibility time. According to this
configuration, a server will randomy pick up a tine
Acgerdingela a prsfariedembodgneh of dhe shared stpragennbiwosk spsieing the at least

' the. f.ul | = determ ned burst deci ded
ond P SBELRI5 B il B LTRR ah  A58 18
cligltiigidealed twithin asefdrd Tobal ey sdtwbika M Tiss idval arSh Me€vork and the
igh priority ap&l ications wll allow shorter bursts '

h .
secplag l!%:a]_c?ré%\{@&',oﬂi 1pg, intergoppectpd &hf%‘!ﬂi glpbg) netypuksthe at least one
stogﬂléE QeiveK&ld/ing %E)_lel%é\%rkeslli_orﬁ Hi%ﬂ??retih@?coﬂﬂéjctécp%%{x tht in case of a

ocking probability. Low priority requests ge
readag ponste dngessddranapivhbe ai least loae gorageadlient tocond of the at least one

accumul at.ed. u ne k utilization.is ipcreased by
stopia5 SEV PR Jenglh (i  PHRLIF it st ine g end BT wiie aceess
is G@EralinddBdsbdon ARe phRnas ifdiedtingadd hedilBle AR ¥BEYrShe storage -

conbined with the burst transmssion through the

seryin@io thebtipmee @lienf prhich ytoraggeservsgearnetprage | dignt isr thg destination
j oy 3 ] 1S th onent s
colfpB of 5% blys| Esmiidh SRARREE L ThOee o §Ee QTR0 R b on
thevgredegerilinedotimgéout valua pavaneerniadicaminyt & tingyvftddagiich improper burst
descri bed rel at egl t %Ft he control device of the
rapSERIEY léﬁis,“m@gé% B FCALAEYERYodi nents can al so be
i npl enmented in the nmethod of the invention for
controlling the transm ssion of a burst, and can al so
Fuipleer; the fiestiaeeleated netwhek may comprise at least one of said at least storage client

and/or the second local area network further may comprise at least one of the at least one
storage server. In other words, each of the local area networks (LANSs) may comprise one
or a plurality of storage servers as storage providing nodes and/or one or a plurality of

storage clients as storage consuming nodes.

The shared storage network system can further comprise at least one further local area
network comprising at least one storage server and/or at least one storage client, the at least
one further local area network being interconnected to the global network. Thus, any
desired number of LANs may be included in the shared storage network system of the
invention, wherein the larger the number of LANs having storage servers, the larger the

amount of shared storage resources.
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shared storage network system of the invention. In the

follow ng, preferred enbodi nents of the shared storage
weymseei2ed the invention are described. Accor dP@mSGImO&a000008

preferred enbodi nent of the shared storage network

system the at |east one storage server is |ocated

within a first |local area network, and the at |east

one storage client is Iocatf within a second | oca

area network, the first | ocal area network and the

second | ocal area network being interconnected to form
Inaehegmpai st&ﬁ%é"@étklork_r@@teﬁi al RAstlone BE tiEt1OEAARIRIWSks Biomprise

| east one storage client are interconnected

a laukmg t:@taputsmbmg mt@toralecteé@s arlink bgiweea the aeleast@ine stogage server

t {t t f
anilon A0 kst BB MgBRE sfiblie? U e St BetuPRCasfomdbE wihghe tinking
cohfp%[b‘i B tthE OnARA@Ar HidBe tendihifg 1GANares n¥wde oGRS Esi oh the other
determ ned based on the paraneter indicating an

hagg.aSpednhp dinkirier epmpytoreasspCipled tatdopargiculae LydY muy prwide interface
seisvtlcets gcﬁlél%hla? me 1nma8@ba&'?£rﬁgl% L@Iﬁ\égg lﬁl?e; %I‘B{Jzﬁrn%g&)rﬁ Foernetxample

nation co ransm SsSi on

th@Hekifig abrputed dan Hehiéapitecaﬂb peiforniatteanslaties of a ﬁﬂdalﬂﬂéﬂcdadﬂfbss of a
t he predetern1n§9 ti meout val ue paraneter indicatin

blegkrfe wirehgccaysiic fesirhsh i 8 Physisad block addrpssof ithis blogk. In other ¢ words,
re (PR & &91{11@51&%% @9&&1 blEdss thh’l"sfaﬁgﬁ mal %€ uf,ag&fd in the linking

area conprise at |east”one o
coatputeeast storage client and/or the second | ocal area
network further may conprise at |east one of the at
| east one storage server. In other words, each of the

At R&&! onBrFahd @dcaPhles rebiRy cAMYe GANIPHCHACNWEkOSr & wired network.
plurality of storage servers as storage providing
Pagtisadaslya p @pi of Bwéx%lﬂcs map be Feslizedasqr copventigal wirgdpatworks whereas

ar3hf BAEaGR0 ydesiized U P HAl R giAge net work

m can urthe conprise a one further | ocal
area network conprising at |east one storage server

al}?‘/or at | east one stora % clleg ., the at Ieasé one
Pﬁéﬁtqfﬂﬁ?a‘re“ﬁ?fgasyﬁ‘S%F% B8 tRdNG mventias Rt beadapted; lgpperate
bagédo&?thenﬁbi’ﬂgé lf\let\ilf_&‘lh'%)g RAYstdeRidoBE Y (@WA QanlaAVis PgﬁiY:ularly, an

be included’in the shared sStorage network system
implesnentatientof ke systesr of thet ingeritigngerthe hlock dayse (lapdr Il)NNsthe SNIA

sharllrac1 Is{(])gag%t SodaPis advin agegus.t he larger the

In the shared storage network system, the entirety of all of the storage portions of the at
least one storage server may form a global block address space, so that each block of a
sector of a storage portion of a storage server may be uniquely addressed using a unique

global block address associated to a particular block.

The above and other objects, features and advantages of the present invention will become
apparent from the following description and the appended claims, taken in conjunction
with the accompanying drawings in which like parts or elements are denoted by like

reference numbers.
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anmount of shared storage resources.ln the shared
storage network system at |east one of the |ocal area

wmedodo6is34 can conprise a |inking conputer bei NBCT/SG2004/000008

i nterconnected as a |link between the at |east one

storage server and/or the at |east one storage client
of the |ocal area network associated with the |inking
conmput er on the one hand an he remai ning | ocal area

e r k. ar n ks. on the other hand. Such a linking
E«l@%@éﬁ%&@@%@@m&% a particular LAN may provide
interface services required at the interface between
the LAN and the gl obal network. For exanple, the

The nk(;qqg)agyjng ldtag\rin@ whixch agel insluddd toprveidear further understanding of the
R B R L B 5 bvenon.

of this block. In other words, resources for realizing
a local to global address translation may be included
In thedavingsiki ng conputer. At |east one of the | ocal
area networks can be an optical network or a wred
network. Particularly, a part of the LANs nay be
Figtat il zhclwasn eptivalbigstiswiormby stint sctordthgvor tke pMbredrgas
anot her part of the LANs may be realized as an opti cal
networ k. The shared storage network system according

[
Bt 2 L ol B€ (ARt RE a AR Ak Eor AR S IET method
st andar khovwRafrem ¢hel pridrart, an i npl enent ati on of the
systemof the invention in the block [ayer (layer I1)
of the SNI A shared storage nodel is advantageous. In
F'iéfiﬂ‘e 3RAGWEa GinerdRgRarh OF YR ItianSi4iBAof & BersEAchfdiig/toQhe HET method
of the storat%?e portions of the at |east one storage
server knoynifsemnthe pjiosBE! bl ock address space, so that
each bl ock of a sector of a storage portion of a
storage server may be uni quely addressed using a
Figuire| destgivabseherhativally ahld taysss stagsioe iaat@ding toathp StdrhgaNafworking
bl ock. Tge ab‘gve .and @éﬂgs obj ects, features and
advant agdustigrAsAgation £t sion will becone
apparent fromthe foll owi ng description and the
appended cl ai ns, taken in conjunction with the
Figure Ashovys aghatedisliorage network systenh akeording te a preferahenticsliment of
are dent?‘ ed rti)f¥o i ke reference nunbers. Bri ef

0

Descrip %glﬁ'e T he Dr awi ngs

Figure 6 shows a shared storage network system according to another preferred

embodiment of the invention,

Figure 7 shows a data path illustrating the transmission of a burst according to a preferred

embodiment of the invention,

Figure 8 shows a data path illustrating the transmission of a burst according to another

preferred embodiment of the invention.
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The acconpanyi ng drawi ngs, which are included to
provide a further understanding of the invention and
weonsheed e a part of the specification ill ustrat/eG2004/000008
enbodi nents of the invention. In the draw ngs: Figure
1 shows an optical burst switch systemaccording to
the prior art, Figure 2 is a diagram show ng the
transmi ssion of a bur st accqrding to the JET nethod
K fronhgh? prOr ; Hm.F gqure. 3 homg.a time
ci-agt—e e TSI S S-S 0ur st~ adcording to
the JET nethod known fromthe prlor art, Figure 4
shows schematically the |layer structure according to

It the fsil@wi;»ge tthSNb% KSW@agenIH@tsvtorly Im@xg@zi@aso@ntiqxsmmﬁard which is

4 E r e _net

PRl AR B npy R AR Re PR P he S A8 e R system of he
mlvéhtﬁiﬂ]; wilhbe d@s@tb’eﬂ réfefiipe Fig.ghar ed st orage network

system according to anot her preferred enbodi nent of

the invention, Figure 7 shows a data path iIIustrating

S i I r

ST 46 BROOSE TR Hoddt I bttve PR HORlfl M SRIR, §%ed Storage
Mpdtli’desctribﬂs toramon gtordye airaflﬂnasm‘reSSTMapér mbmnsiccordmg to the SNIA

he f
SUHGBh o DR 8 SUE e oG, D Ibt<singi Scbgme of dhe SNIA Shared
St Qﬂldﬂ%f‘fs%sﬂﬁhi&:ﬁ@nl‘“&vﬁm' on In the following, the

A (Storage Network' I ndustry Association) standard,
mhlch is preferably included in the network

Aok, SE A St 1 PPN E0 PR i S, Blegis RIS & Javer 1401
reﬁ'e@@nltlﬂg the 16v8E o Slorafre| deyides BBGELtotaBe GRAVAR! FOARYT, a level II 402

net wor , the SNI A Shared Storage Mdel descri bes
deagigpa bl gql%@&fgée@ﬁm% bpsfy e%tworhq@ld deydges and it thys subdivided into

th%%cs‘ﬂf)ﬂ&{}g 1120 fbh ?IcsMéﬁeo%Eﬁgéjﬁggr irf 4b3 lléjﬁlto';'ﬂiteﬁdas tahfllegﬁﬁoAd layer

n of ef wor yering schene of
mﬂhdmgcﬂaﬁbmea&gxd fMedgbktemsand #uthhs zedividedringo 4wo sublayers IlTa, ITIb.

Beyond this, a level IV 404 is provided as an application layer.

In the following, layer III 403, the file/record layer, of the SNIA layer model 400 will be

described in more detail.

Layer 11T 403 packs small things such as files (byte vectors) and database tuples (records)

into larger entities such as block-level volumes and storage device logical units.

The two common implementations seen at level IIT 403 are database management systems
and file systems. Both provide mechanisms for naming or indexing files or records,
enforcing access controls, performing space allocatidn and clustering, and caching data for
rapid access. In both cases, the file/record layer is located on top of one or more volumes:
large block-vector stores or byte-vectors provided by an underlying block store or

(sometimes) file system.
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According to the SNIA | ayer nodel 400 shown in Fig.4,

there is provided a layer | 401 representing the |evel
wobkooshenage devi ces of a storage network. FurtpPer/SGz04/000008

| evel 11 402 denotes a bl ock | ayer representing host,

networ k and devices and is thus subdivided into three

subl ayers Ha, Hb, Hc. Moreover, a layer Il 403 is

provided as a file/record | yer i ncl udi ng dat abase and

ile system it t s sub V|ded i nfo.two bl ay
The FRcRLPTORESR R 1 LS oGOl 0 DFORHIGMON Y iy aher ifferen
plg&sappl | catl on layer. In the followng, layer Il 4083,
the file/record layer, of the SNIA | ayer nodel 400
Wi | |- dodelyl s theilivetd these arsrthe treditivhal hostyteased file s48@mBamk slatabases.

I SYBh GUSIRPBALE HUF AR TR ey TEer SRk gresides cotmpierely n
th® hm@ﬂkaddQH@inté{chbl iPthe 8idehosldeviRER A el ISck-RBtdr Mvepni t'S.
The two conmon inpl ementations seen at level I11 403

are dmtlwblagberxmnéqemmth@yw@ﬂw smﬂlafd Trstwyrkt dile syBonhsuch as

oyy,;de ni or Ophiles or
NF% @%Oﬁﬁ%r CI§ nngem tc%fsi;?nc {nr oqn geg}'e 0 g ysem) cetc. Such
mqiléxﬁ@rﬂitiom s%mdheﬂ fasit @S Dewean theadieht (ngst)d@tdahé SrvEraghtem.

access. oth cases, the file/record |ayer is
| ocat ed on top of one or nore vol unes: Iarge

InhOff o\ifﬂ% ?dé/elshqlbgsna%el ?ﬂé’&% Sofﬁﬁeg’gllll %’ mBBe 400 will be

under store or
descnitedi ons provi ded by the flle/record Iayer can be
i npl emented in several different places: - solely in

the host: these are the traditional host-based file

Tﬁé’ﬁfo‘é@a PR reALEDRNERevel Bofdde o SHighe MByerd, "G pically with an access
gg enentatlon of the file Systemor database resides

dpledupports anger mese linegn deaters of fixed-sizgllocks. t he
storage device is at the bl ock-vector level. - in both
client and server: these are the standard "network"

Uftﬁﬂa@elﬁy&tﬁﬁstoﬁ%&dm amtiEStdrigd devides Ehélﬁasﬁﬂ&t &ii)es, $JlidState disks,
[ ste etc. Suc

CommnlnternSA FlleS\ﬁ rg )
afﬁdn‘ﬁl"‘eﬁ%}‘ﬁsatn‘?ﬁ? YT €21 Reivpe digeatly opis the et ofagsh thepprovide can be

) t f.ol. i ng, .
g%ke' Q@Bllflt%j{r%% orﬁggﬁl@%ﬁg&g&% t(iYﬁgéjaé% of H?Jr{?ﬁg t%%{& gf%,n& provide
reflendancynndel 400 wi Il be descri bed.

Secondary responsibilities of the block layer include a simple form of naming, such as
SCSI Logical Unit Names (LUNSs), caching (and, in particular, non-volatile caches for

write-behind data), and (increasingly) simple access control.

Block aggregation comprises a powerful set of techniques that are used to serve many
purposes. These include:

- space management: constructing a large block vector by assembling several
smaller ones, or packing many small block vectors into one large one, or both.

- striping: apportioning load across several lower-level block vectors and the
systems that provide them. The typical reason for doing this is to increase throughput by
increasing the amount of parallelism available; a valuable secondary benefit may be the

reduction in average latency that can result as a side effect.
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The bl ock | ayer provides |ow|evel storage to higher
| ayers, typically with an access interface that
wWGeuppO61234 one or nore |inear vectors of fixed-BC®eG2004/000008
bl ocks. Utimtely, data is stored on "native" storage
devi ces such as disk drives, solid-state disks, and
tape drives. These devices can be used directly, or
the storage they provide can,be aggregated into one or
nore bl ck vectors to. increase or _decrease thejr, size,
PGy e G pachon ey e S 5 s SR e s Th

h gl S f ng;syc
o6 KRy (1) Q3T RG] AT GI0R7 b puri

regardancyu(RAIDBon4y e, at.i)l ddditnals fdatresmtike Q)Ob”ﬁhll-mldle copy can be
dat,a ncre in | [ | e. access control Bl ock

PR RO SF Lo BeipHisohl PRV GO GRS drR Gl 8ysiem, and to

askiBBecéVesy ﬁ&ﬁ%tﬁe@kﬁﬂ%‘éﬁfaﬁlﬁféﬁ purposes. These include: -
space nmanagenent: constructing a |large bl ock vector by

assenbl i ng sever al snaller ones, or packing many snal

ve s _into ;one one r b . - striping:
R%E\}Jf)rpr)lcl)l }oo‘ri{‘li 5 ﬂ] grede ?tc%a ¢ g%‘@?%‘l S’(Sg rﬁ(’g% Or‘ﬁf‘%ctg A Preferred
enviR@irBén ofithd lﬁmtlslyszﬁleﬁse)tﬂmmpr ovi de them The typical

reason for doing this is to increase throughput by
i ncreasing the anount of parallelismavailable; a

Tﬁéas])hgl%gl i@ency ! p(@ﬁlnegdotco ltscge hg? s{o %9 %E:llVQPS(ﬁlnand a second

aver age t can res
stca‘ﬁgee@t\zepﬁﬂ’z?/ fulichgning eusidrageprobiding mﬂief,‘ as¢lﬂgov1d1ng a storage portion

I t th f. st d fail
Ol i S0 O ROR SN IO e

m f 501 bidof fRA &d d stdree setver 302 RAlMIRY ih
% EQA D- 3, 04 T )geséldletrl onal featdr@?ﬂ?mﬁ%meaomsm

(
(Slptwrnmlr“la-itsphmnamplyy @Sawlmrlqo@fwmelm) e\mln sdetar 205 beingsiindded into

+ UL 8 L 5 SURTRIRY o REpa B s

mﬂ‘efsebtiUne@f a mefr&rdolungn hd Fingtrix ro&)Sh&ﬁﬂﬁhlSﬂl@kaﬂﬁltﬂﬁf Yodskociated

system 500 according to a preferred enbodi nent of the
to 2o e RIORRY FOR B Shecfahre0r AL R e b bl Wentifirs of the

bl&ﬁ(& o5 !for?nyz?%l BB L KCLITRES %ﬁée B WhitR b éltd}rtﬁfgﬁrtﬁﬁrb\ﬁ%k identifiers
cond storage ?

501 and a s erver 502 tunctioning
is spignaage provi di ng nodes, each providing a storage
portion

The shared storage network system 500 further comprises a first storage client 506 and a

second storage client 507 each functioning as storage consuming nodes.

The storage servers 501, 502 and the storage clients 506, 507 are grouped into first to third

local area networks 508 to 510 interconnected to form a global optical network 511.

Each of the storage clients 506, 507 is adapted to have read and write access to each block
505 of each of the storage portions 503. Particularly, the storage clients 506, 507 have
access to storage provided by storage portions 503 related to a LAN 508 to 510 which is
located remote (i.e. associated to a remote LAN) from the demanding storage client 506,

507.

Thus, if one of the storage clients 506, 507 needs some storage resource, this storage client
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503 of the shared storage network system 500. Each

storage portion 503 of the first storage server 501
wansoé728hhe second storage server 502 is divi dedr/BG1004/600008

plurality of sectors 504 (shown in Fig.5 schematically

as columms of a matrix), each sector 205 being divided

into a plurality of blocks 505 (shown in Fig.5

schematically as el ements of the matri x at each

e T R RN TN R —
dith asie s@%e%‘f% ddate debreresii, 756}! Xntpéan%zld @k i l'gfglr%]rﬁtlgn from there.

virtual block identifiers of the bl ocks 505
gl obal bl ock address space |n whi ch each of the

i rtual .block identif The shared )
Th G ietie r@ i uirRa 308 fo,s T SusipRntd % thain case of a
reall O agfriteldceRs oPBRe 8N theXtFREOARNE! V62967 ¢ h@l@ﬁst %QZ of the blocks
each functioning as storage consum ng nodes.

5¢%, éhOa‘géugéﬂWrasldsi@&s)f &blpck 485 thwhich @ﬁ@g@salesm 15 t&a@¢gated into a
PRSAEPREPLBHAS o 1By b Pysich oM with 55, vt block

optlcal netmork 511. Each of the storage clients 506,
507 |s adapted to have read and wite access to each
t gl Frea Rehverk OAR caenrisse Hhdis dwkingogomputer 512 being

mPe?EJn'nQ&!:(?H ¥ tinit Bﬁwgérgfh@%stcsltdrg scérégg()l gg@gr}ﬂgﬁo@?g fsi network

to storage provi y storag portlons rela
508 dséa¢ifGOBwith tlﬁiliﬁrsmllmklil’g ccsnplmﬁétl@abnrthﬂmeeha@d aad the remammg local

assaqci at t rmt e fram.t he demandi ng storag
argq P@Wﬁﬁ@ gher F? olfed %F‘“Fh’é‘a%‘te&r‘g@ g Ipgabiaeea network

5T0&mpridés H8QBad %ﬂﬂﬁgs&)ﬂfp@&? 512 80Mf GRerchiMedtedt R, "’lﬂﬁ( lﬁatween the
client506, 507 can access the storage provided b

sesenst sigrage client 1597 5 the Bural lopal areacrstwonki 116 @mcaatccbwuthehe second
A Bl PR S o SRy 50 o

thaoehar haidwor ks 508 to 510 are interconnected such that

in case of a read or a wite access of one of the
storage clients 506, 507 to at | east one of the bl ocks

ERBDF the Bnkih &aﬁﬁmé}k 648 A4 ess QJd @ g@heﬁﬁ O ﬁgpﬂggﬁb virtual

access i's desired s translated int yS|ca
blackiadslsess 106 a bihsktS06 yto wHhéchpdegess dadesiibd ko Hesphysiablddoaki 4ddress of

f [ ual block. The first |ocal area network 508
th@&ﬁ%&#@%s a first linking conputer 512 being

i nterconnected as a |ink between the first storage

server 501 of the first |ocal area network
In the following, a scenario is described in which the first storage client 506 desires to use

the storage portion 503 of the first storage server 501 to store data there. For this purpose,

the first storage client 506 sends a write request to the first storage server 501.

Before a burst transmission from the first storage client 506 to the first storage server 501
is carried out, a control device of the shared storage network system 500 determines a
proper length of such a burst and accumulates data related to the write request until the
amount of data equals the determined length of the burst. The length of the burst to be
transmitted according to the write access is determined based on a parameter indicating an
available buffer size of the first storage s'erver 501, and based on a predetermined timeout
value parameter indicating a time after which improper burst transmission is assumed to

have been occurred in the optical network 511.
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508 associated with the first |inking computer 512 on
the one hand and the renai ning |ocal area networks
wGO®s5/08284 on the other hand. In a simlar nmannNECT/SGHO4/000008
third | ocal area network 510 conprises a second
i nki ng conputer 513 being interconnected as a |ink
bet ween the second storage client 507 of the third
| ocal area network 510 asso%hated with the second
I i nki ng conputer 513 on the“0one hand and the remaining
| ocal area networks 508, 509 on the other hand. Each
Aftbr RVengl dePdenitd SRR ES R fata i %&uﬁ{u%t@djﬁﬁbﬁﬁnoé £ this burst length
performthe translation of a virtual block addfess oP
argl pithsegueBdy, rasowisesc lof abe espsicals nefessirk 6d 1i ateordskmved such that the
hysi cal . bl ack, addr es f .this block 505, t he .
achhpgfidg S5t pE PR eG i O poli® Persitek ShT el e st storage
clRhO3G0 thd fisnitoPOsete&isngs to use the storage portion
503 of the first storage server 501 to store data
there. For this purpose, the first storage client 506
It 0 flLlst rage,server 501.
REERER B M § EURHrdCrlsBi, bl S07 P FaE s Fpamer prefered
entbddémént oD thetinvenkien Will bt esglainede server 501 is carried
out, a control device of the shared storage network
system 500 determ nes a proper length of such a burst
| .
Coporf i e RufeR, 3h8% B Bkl IS s o FRESRL starpd storae
nepworkhsysteor 660 shdven lirekigg.6 i9 fmdre syimuresricat. cTHeeshared storage network

transhijtted according to the wite access js .
YRt e uuEd vb 7 dupling RElogh! sreyPeETPUrinterconnected by an
optitall doAtie netWoie605 IBa6h Wcaf 418a héthdtk B0PERRRIEEh ¥REt stfdge server
and based on a predeterm ned tineout val ue paraneter
601 s esesang stpragerrervar 6@ as,iorege propidiisetodpsasd a storage client 603 as

1 SS] | Sy.a rr.ed i

» 46802 Rtk e TR IFE obcl HEARTIR BT oF B LA o and e
optiealglomaiméSais perfaraedinylad indkthgaoaputr 504 hsotibied td BAHILAN 606.

| ength and subsequently, resources of the optical

network 511 are reserved such that the accunul at ed
Indad @omﬁﬂn%zeant SRPABY Qe m@ﬁmﬁitg B fBbditfhios e Js}stem of the

fromthe Tirst storage client 506 to the first storage
ingentippwilbbd givRef erring to Fig.6, a shared storage

net work system 600 according to another preferred

enbodi nent of the invention will be expl ai ned.
First, the system architecture of the shared storage network system of the invention is

described.

The network system of the invention is designed as a solution to the layer II (block layer)
of the four-layer SNIA shared storage model, as discussed referring to Fig.4 and as
disclosed in [3], with the optical networks as the interconnection networks. An aspect of
the system of the invention is to provide a huge storage with a single global block address
space over optical networks. As the system scale increases, it is able to provide nearly

unlimited storage space and I/O speed at reasonable cost.

The shared storage network system 500, 600, also denoted as globally addressable storage
system is designed as a large scale distributed shared storage system with the optical

networks as the interconnection networks.
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Conpared to the shared storage network system 500
shown in Fig.5, the shared storage network system 600
WG bmdnei2ed Fig. 6 is nore symmetrical. The shar ePCES6G100g@00008
network system 600 is constituted by a plurality of
| ocal area networks 606 interconnected by an optica
domai n network 605. Each | ocal area network 606
conprises a first storage server 601 and a second
storage server 602 as storag€ providing nodes, and a
storage client 603 as a storage consum ng node. The
T 1thi#S oM RadhOdREe 6Qbrie RESeOf stﬁégb élfélﬂt 6gﬁkﬁ d c&nﬁuter) can
optica domai n 605 is per f ormed by | i nki'ng
caumuBisalo oVity eagh pdmee ﬂuﬁu&mwtb @elatal @annﬁé Which owumg tha nptical links

dv z? é’m% tﬁgnh 2,? \t{vh fdy of 51%“‘5%9 Ir%?% gnnes He2- eEthemet or a

emo

détijé‘a‘téﬂ’ﬂlﬁﬂ‘cﬂfUhhﬂfél usr $hofn fhrfe ﬁhﬂliee\dhcﬁé QyREf aBR1¥a rﬂﬁge storage with
system of the inventjon |s descri bed. The network

a §91§%eeh1\061f aglgyessi pgeth ineh cach blegk imée system éoplebalbin identified by a
gltoﬁ ﬁdljelss (l"mﬁ%lﬁirﬁ ?sycﬁgc%ilb%ﬁ bERG 2K efl: Xce to?gg g Iag 8

are s orag scussed re e
and as disclosed in[3], with the optical netmorks as
etmorks An aspect of the system

h t {
3t4¥2 @If@%&%ﬁ%‘#y. dite PEER d\?ﬂ%@eO%tl}?uﬁfétegt 6#thde clispified into three
ﬁl:§ ﬁér@%ker@éro%ra‘%@%ﬁﬁé ﬁﬂﬁﬁ% CB%Eﬁte&Pfthé: H}iter 1 also denoted as

mor S t he’ system scal e | n¢rea
blpﬂowddd@s trenslationsaiverriBASES )s Actagee sspac eodenid alnbﬂ}: ap@edide storage

bl t. Th h d st t t
refyte” Y SR Bt o S0FasE EID AT 2 SiarEE AR NGV RHGGRAN). A
storigd elvnt ﬁodﬂ:€i§ b @08l toa®nsurh@§tBRgS b csl ErdhT thB 'é%s%in,sé'.@.rae&mputer
he

storage systemw th the optical networks as .
hashlkiscRossibletiPom nade tooagk s bath: sierage jesvearmndeserhgnditat to consume

S R TR

channel , which wll be the optlcal links and a
be a low data rate

t h
InGRAHRRRL B he Sorfat B LiniGpocs. d PS8 it PEmaLn dmlsmented in
th@ Sy SEAVOnE df fthed bsic I&ﬁnﬂﬁh@ﬁse o Rl §HeAC Issthgtsoﬂlcﬂp Q@mﬁctlons are

storage with a single block address space since ea
avpilddk betiveem thesghisniend serygr cmém a}s data phanhielefdr ygryahigh geefbrmance

I/(? lcggar g%lgsggrteg‘ﬁf: dgggt’r;ré?%é n "B qiEe ryI ebs(taa%ll?h%ldol\),\f/:t\\:’v\ﬁeen the client and
server. However, this assumes that every node has a direct interface connection to the
optical domain. A BATS node could be installed in a LAN as the edge node to the optical
domain, e.g., a edge router. In this case, BATS acts as an access point to the optical
domain and its optical link could be shared by those nodes in its local area. Since the
communication between a BATS and other nodes within the same LAN is local area
communication, a BATS node could natively extend any local oriented storage

transmission protocol, e.g. Fiber-Channel protocol, to wide area.

In the following, an optical burst flow control method will be described which is important

for the invention.

In order to efficiently utilize the huge bandwidth in the optical domain, an optical burst

flow control (OBFC) method is applied. Major components of this scheme comprise a
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Based on the functionality difference, nodes of the

system can be classified into three categories:
wGermsagriser ver, storage clients, |inking conpetE862004/000008

(the latter also denoted as bl ock address translation

server, BATS). A storage server node is a node to

provi de storage resource to the system e.g. a storage

server froma Storage Area ngtwork (SAN). A storage
torage resource from

ARl b O RenBly MG i 2 R e S PP Spl EapghEsiopmelbod. As

inNBElBurkOregdVatRh A ANGHREISH etV £ Fandbid b‘éﬂ's‘? ré %ﬂﬁg kififlmethod is
to consune some storage fromthe system wh

use@ agGonding émefisst prefeyeediembodimgns, andra tamjdqmam divmon trlethod is used
cl,ient nodes, the BATS node is optionally

accgrd n@rﬁgﬁ{gg%o"idﬁnﬁ)ﬁgm%? ‘tem One of the basic

assurrptl ons of the systemis that optical connections
are avail abl e between the client and server nodes as
B%P&(‘ e HEnPYRMEGES gigined glh tb@ﬂfcbrrmete, tlreaimnac burst assembly

qgl%{neﬁrﬁ% g&gthgméﬁlcaﬁ E)ﬁlg ﬁ(ﬁg%&ggen%el? ‘Sﬂé (Xl%;\%i\pgrt?e 1/0 traffic

tohi]nrsasaﬂ&mmeork Iuahzmoarlyutmod@ahﬁsma apiplic@Gén teqtiRéhaie
onne ti onpé%ﬁt he optical domain. A BATS node could be

Afteraps, flsngéh QPRI hwrsiar EUEat HiQeqpest it decifind; dhet random burst
1R imEmBthod A IREPE shR4HIE For lﬁlglel}rlégan&@ﬁl%ufgﬁlg WHM networks,

as ah access point to the opti omal n an
proyitlé @al efficiekt woy | fdr idatastensedssion vdings epticdi dmrst rswitch. It provides
| ocal...area.. Si.nce th conmun i cation betwee BATS and
sebE BRI TRUIORD frm: P SEITE TmARDY BUsbios Prapuais
conmuni cati on, a BATS node could natively extend any

| ocal orient ed stor ag)le] transm ssi on rot ocol, e.g.
Thej prerdeeipian | the) opticd durst dengill & escle d/ rfmuf«ﬁenakes the arrival and

e 80 S e LGOI LR et

widr the dyhamiefoluist assmmbgy mtohlamzm ilh ehelwayelehgh dwiitdh bt 1he uitmhedlate
an optical burst flow control

ti | d '
PG PRI B FiagREe s oA At SBHOR dstasaRermission method
deﬁ&@@ hd £ (RIS dRMIGE mBGSE m%i(é’s ﬁ§€ o Qwhsarﬂlﬂg % @SP gi%esl;ursts to

reservation and transm ssion nethod. As in t
the Siseevadn itiore slives to ampieve sheontikiaatinn dyrtlzer revad dm dpticst domain by

| nmet hod i s used according to a first
re(ﬁ“ etﬁégeéﬁly?% ﬂent and a tinme domain division

rret hod i s used accord| ng to a second enbodi nent.

In the following, the optical burst switching (OBS) network architecture will be described.

The optical burst switching network is used in the system of the invention as the
interconnection network. At the ingress node, edge routers determine the data burst-size
and the offset time after considering I/O request requirement. Control packets, which
contain information including the egress address, offset time, data burst size, and quality of
service (QoS), go ahead on the communication channel, which can be on separate control
wavelengths or Ethernet, and the main data burst follows the control packet after a given
offset time. These control packets are converted to electrical signals for processing at every

intermediate node.
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Based on the paraneters contained in the I/0O requests,

the dynam c burst assenbly nechani sm prepares the
wopiosoed23bur st with a proper |ength by accunul etT/68G2008@00008

[/Otraffic to increase the network utilization, but

not agai nst the application requirenents. After the

| ength of the optical burst for current I/O request is

deci ded, the random burst eljgibility tinme nethod,
ation.in bufferless

AP e vdre ot bisgtiahLR resereg ot thegiApomssiog e of the data burst. The

eléh&l$ ThaaSheed t8Sbndtipbtedaln Byt ex?)%ﬁneteﬁhg drd @6&‘!{1@ gr:ogabilities,

service differentiation in terns response ti
latsneys tandl psacepringh titmel Thip.infohmatpmedederviisdsahe opticah@ath at the ingress

tiical burst length for eac /[Ore st makes t he .
P hE T BHER 91 b BhrsE AR bR S ST emutipe 1
(intérher predial) padkRis inal rafRf Sisnp Sdhe 2Bt rezmﬁfiﬁ% Q& retransmission

W th the dynam c burst assenbly nmechanism alT the
hapgled |ie pgrameders.t swish a5 offset fime.ebursiddien, @nd o mbluerpdes essential in

. q CTh .
o LSRG TS T e n R RO BE o
di vi si on nmet hod nakes use of such ability to map the

bursts to the fine-grain tinme slices to inprove the
Nextia dypamichirst assembly gehanisgracsprdingdp theoipugniiopys described.
reduci ng the setup overhead. In the follow ng, the
optical burst switching (OBS) network architecture
Theislystemeof dieesinvéred.is désignepias ¢ ablubionm shplemeitedinigydrdl @Wdodk layer)

of i, SN B FpE BO0T, A AR (erEn g eni) serehanispgcatied optical
bus? wioRlE Slodedonirdl (UBLEMEscAShA HaYb&dn-abgRd @d"glp#gﬁtfﬁw &htrol of data

time after considering 1/0 request require
betwnen rao Ptopage kabiest anth slerrge gurvar pairnThe AdEK ovindow |siadi refers to the

, ' d b ' d
n“g'ﬁgf I%? ;P%glietég]?{t/ ﬁgi tlia %@?I é%{ygg%négl%élﬁslx ﬁénsé befofe. ’wa'latpng for an

ackimwiedgen@hi. Thisokiadowe lsize whische tepotiited and s@pa wod before data flow
hernet, and the nmain data

contr ol ve| engt hs or FEt
capy i Plﬁfﬁm qp%églc‘aﬁitrfgrw [Faeke schpme s gropogadhtopeeypplate the
traffi ' -be TREGE IR ﬁvaﬁP&gﬂ e cgﬁewohﬁﬂl.t 0

el ectrical signals for processing at every

i nternedi ate node. At the core node, bandwidth is

reserved for the.transni ssion. ti f. the data. burst.
in 35 Salihnk & pY BB E s 6 i Bus! assembly
meRgiige efe de@ined:e bl ocki ng probabilities, |atency, and
processing tine. This information determ nes the

optical path at the ingress
u: peak service rate at the storage client,

R: round trip time including the data transmission time in optical domain and the ACK
though the communication channel,

CWi,ii: initial window size

B: reserved buffer size at the storage client

T: timeout value before sending NAK (negative acknowledgement) in terms of round trip
time, e.g. T=pxR

P: assuming the fixed size for the data packet,

Lourst: €ligibility length of burst prepared for transmission
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node. At the egress node, a data burst is de-franed

and di sassenbled into nultiple IP (internet protocol)
wW@aRe6=34 N a rather sinple manner. Burst reorBer/samo4/000008

and retransm ssion handled in paraneters, such as

of fset time, burst size, and QoS val ues, are essentia

in achieving an OBS network. These are assigned in the

i ngress node of the OBS net rks. Next, a dynamc

r nechan r ention i:
TUCEIREARR Sl EREU B BT R, P e B e
c&xtﬁﬁbﬁé‘ly QAd beREWRIRhE %rlam alcﬁa(&ﬂedgen{em R6UidbBYBEAt aBid. Liur is the

the SNI'A shared storage nodel

eligibikiolangt g€ arbnis) pmwhéfnrsmsmasslbe at tbpsnom@b strvesdndringlg/P is the
tr.ol CBFC schene h
OB A B s oT o g BOPLECRCR SUtpdel oaeet clen

redfiéhtedl riafed@@efiRAVG pair. The ACK window size refers to
the nunber of packets that the transmtter may

conti nuously send before waiting for an
k mAedgﬁge This wi ndow size nust be negoti ated

CgﬁﬂﬂgﬁPee anpbePore data flow can take place. Such @)

optical burst flow control schene is proposed to

accunul ate the traffic to be the burst before
Tharefoed, therbgrdeneasadhdefined bpt i cal domain. In the

following, a plurality of paraneters introduced in the

dynam ¢ burst assenbly nechani sm are defined: u: peak
CVefi¥R&wate at the storage client, R round trip time (g

i ncluding the data transm ssion tine in optical domain

and the ACK though the conmunication channel, CWnit:

i Dt dal W ' : v f th
tf i @ incb RERNE GBS of SAPEL Einl b oodiat GpRlich Lows shout
be( agmilave acllargevdsngabterﬁu)t il shdu&lr etothe rappliieatibii ideadline and not

Sun1ng the fixed size for the
CX&s{@hﬁE\s@wvmﬁa&@rgehe‘s Hegi 869 ty 1ength of burst

prepared for transm ssionThe OBFC ACK wi ndow si ze,

which is the nunber of packets that the transmtter
Letay continuously send before waiting for an

acknow edgenent, could be negotiated. Lburst is the

B = axPx CWy (3)
and
T=pxR @

In equations (3), (4), o is a parameter indicating an available buffer size of the destination
computer, and B is a predetermined timeout value parameter indicating a time after which

improper burst transmission is assumed to have been occurred.

Then

Liurst = Min[o,B]x Px CWipi = Min[a,B]x Px R x u (5)
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eligibility length of a burst prepared for

transm ssion at the storage server and Lburst/P is the
WOEBHE06CEs W ndow si ze. The m ni num OBFC ACK wi PCDSGEI0Z/@00008

to neet client requested rate is defined by: CWnt/R 3

u=CWm 3 Rx u (1) Therefore, the border case is

defined by: CM1n, = Rx u (2) In order to increase

t he utiIization of optical mai n, the optical burst

E be ac g

Th6 SieBechilictis LGV, e a6t HRkre e Blion Sitcsk Bistomee client to
feBdhOth® dhtacidir et fehRtddsiblagé sV HaRleGerait chh®e %EéneﬂBm Fig.6 that all

side. Let B = axPx OM1n, (3) and T=bxR (4)
théeftmiigeﬁi@n(/@)wer (nayes age atthg swammmaénetwndi p@mmmg Itais clear that the

j f tion, conputer

ey D St Eln B 386 faol W8 Wt "Blp B Betats 7 Mhe shared
storagé aetiviofigsyBtetri. Vehaal 4 BATSMiodh id 1ﬁﬁileﬁﬁl§1ltedb Bists can be prepared at the

transm ssion_is assuned to have been occurred. The

cqrisspending Ipgad BA TS godebetoyg patering W aptigat demair. x u (5) The
schene nenti oned above appears just for read operation
i ssued by storage client to fetch the data fromthe

Inrtherfitlliowstg) thegendonr bt eligihvikityaime intthodwild expsigiaed for deail.
Fig.6 that all the storage client/server nodes are at
the symetrical network position. It is clear that the

TIRX kb ﬁﬂﬁeelfgﬁhﬁﬁetlﬁ@rinaﬁodj%eg bhQE bkt rgepﬂﬁof?fand transmlssmn
storage I/ O operation in the shared storage net

mstygd ermhe\!mmS%d GRBFE mytied.ils optigil domningthe blaual\sstdsh xsan hinge that it
Bl ared at BATS.,node before

|
ent e g dereo At e ca‘F‘ﬁ%‘P‘ﬁgﬁ :%S&F]r?ghfgur@@f | d\ﬁnr?ﬁé’onﬁeﬁgne becomes a

mbﬁridxpﬁnﬁmr@jslﬁkar@tmllty time nethod will explained in
detail. The random burst eligibility time nmethod is a

basi ¢ burst reservation and transm ssion
Next, a plurality of parameters introduced in the random burst eligibility time method are

defined:

p: control packet process time at each intermediate optical node

d: propagation delay of the reservation to each intermediate optical node
H: Number of hops

0: Light path setup delay

The parameters are linked as follows:
0= (p+d)xH (6)

Once the client 1/O request is granted, the burst starts to be prepared and the server will
randomly pickup a time t within the interval [min(6, Liust_min/(Pxu)), Lous/(Pxu)] as the
eligibility time for the burst transmission. A control packet containing the random burst
eligibility time is sent out though the communication channel to perform the resource
reservation once such burst eligibility time is chosen. In this scheme, the random eligibility

time Tt will be used as both the edge delay for burst preparation and the offset time
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nmet hod in the proposed OBFC nethod. In optical domain,
the bandwi dth is so huge that it can even be

weonsiersed as unlimted with sufficient accureCySGXio€000008
response tinme becones a nore inportant QoS paraneter
Next, a plurality of paraneters introduced in the
random burst eligibility tinme nethod are defined: p:
control packet process ti rre agt each internediate

RS, BT BB CSEL M B RS2 s

mhmﬂﬂﬁt elﬁg’:lblﬂltyiléhgtm dfeuaey gir reﬁ%ﬁ(fﬁﬁsﬁﬁ@sx@{ Nd éxprefl cﬁﬁnmon to the
Once the client I/O’request

foll “e‘% é p+d) xH
nm@mgrnaﬁﬁ the fata buansshasg@ be giyen.oviveh peudd he éntrodnerditiyghe protocols

I m ck atinmet thin the
aéog’ge\é%tw({the”%&gsomﬁrglt mug/(leu)) L\kIJMUrslt /[ (Pcu)] as

the eligibility time for the burst transm ssion. A
acket containing.the random burst eligibility

trol
Parfigalarts ifdb fanggm ltqﬁwélglbglﬁé temsrihictcitalorthe éetdime between the
ccgﬁ%f P{)&Flt 41 he M Hafst” 1@??&\@1“ %gwﬁ & ?wﬁg (Ellﬂa ﬁ’ tz)tath setup n%lelay,

ity tine is cho I's scC
resdrv:gldnl ¢anfiymatione packed bd:cotm:s posgdblas The timet hﬁge(ﬁgai tepiek up the
re ratio the offset tinein{roduced in

bur st
el I8 TP HIIL GV JP 15 0BHoALNR IDIREAONS P-SurTeh delay, .. the
toldedbfe endMdl&ld dBAY 6t deh§ sEhdRivERV oL 'ogérklh{eh;ex P}cﬁ&gﬁ I@VQIfP) traffic is

bur st é)repared or transm ssion. No explicit
argherfd AQ inem Assuming Hieninaximusi nember ofidopath i ar she. bargrol packet

ven mhlch could b trod

prhCsfie e his R S obeaifinh BRSPS B ah tis apppri iameter
oﬂdﬁ)e lﬁﬂﬂﬂm:ﬁbﬂm‘qﬁloﬁé yigidoid Night pblhrﬂétupVﬂBlfﬁyfbﬂ Smd! Sificd M8 eligibility

offset tine between the control packet and the data
tirpg, € 4$ randgm@f pigkey fram eiplativelyowids tame t4nge [comparingatonthe light path
scllS ahf! 5! Rpodt i8R 1AL AERAL Kol AP R REEH RS UiRmation
mﬁkmgmﬂtllty tinme is roughly equal to the application

tol erabl e end-to-end delay, e.g. the tolerable

end-to-end del ay of delay sensitive Voice over

In! o4& 18 FlakEFRERERn EfBRAidd Fsibfe ihShe sufficient offset case, the control
message will record the latest reserved time at each intermediate node along the traversed
path. Once a reservation fails, the latest reserved time recorded in the control packet will
be sent back in the confirmation message, if the current time plus the time for confirmation
to travel back is not later than the eligibility time indicated in the control packet. The
confirmation packet will release the resource at each intermediate node along the way and
perform the new reservation. The burst prepared during the postponed period should be
included in the new reservation. Normally, the ingress node will not expect a reservation
confirmation packet. A confirmation packet will indicate the resource reservation failure
using the random burst eligibility time and the latest reserved time recorded in the

confirmation packet will be used as the new burst eligibility time.

By the random burst eligibility time method, high priority request more likely get shorter
response time. Since the burst length is proportional to the edge delay <, higher priority

request allows shorter burst that is discarded with a lower probability. Low priority request
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around 150 ms. Assum ng the maxi mum nunber of hops H
is 5 the control packet processing tine pis 1 ns,
wanasacpsopagat i on delay of 3 ns for an OBS nep@Ds&2004/000008
di anmeter of 600 km these assunptions yield an |ight
path setup delay of 8 ns. Since the eligibility tinme t
is randomy pickup froma relatively wide tinme range
conparing to the |ight pathz%etup delay, it is nost
likely to haye uff|C| time W a reseryation
st aesPP B tadibing HERE 1o Bath ity ShaRanLed Hnceope chance
isCHdrmBRt AR oROSRiALi6n 'cBulHrl% efchicdl q‘BE r@ﬁcfo%?%u&?%gglblhty time
the control message will record the latest reserve
aliawse aatesetrch resereationdeenfemaiere patketgwhich ¢analeevesethe burst drop
fﬁthl Once a reservation fails, the latest reserved
P ?}E "Wecorded in the control packet w Il be sent back
in the confirmati on nessage, if the current tine plus
the time for confirmation to travel back is not |ater
Referring tockigi7, gidetal patly 700 ghusiratdng the deinpmissine of erturs|according to a
t n acket, Wi el ease, 1
P I?geg‘%gr%néb a m&ﬂ {# Eﬂﬁl’?gedrv rgr}tie}(fﬂl af%éﬁnbc?dgésg oeng P h‘@h\xgya ﬁﬂ'&fml packet

fqﬂevv%d)bymﬂ)hﬁ;tisamedﬁﬁexrauﬁmlttmg.daﬂje burst prepared during
t he postponed period should be included in the new

reservation. Normally, the ingress node will not
t
Ag)éfr?](?%? rsrglte:h%ﬁl&gga{? B3, 7091?tfa tggﬁgngxﬂg&rﬂ efgogﬁ‘ra source computer 701

(erz s stovageiservef duringr eread hcngsst dfea staagtortich) e b dedtingiidni ¢dntiputer 702

ti nd the | atest reserved time recorded
(sl Fibiae SFiemHonine G FRoEcorshat Seangerise 3ol dhe invention is
prebided belltfdluné tlﬁﬁranﬁﬂlsﬁlbﬁ ofanslesn iU 8. @ld @it trddshhittdd Rlong an

met hod, gﬂ@prl ority reguest more |ikely get shorter
optisalpths 50? bugit A preeedied iraseontrehpadket A)Spwlipb is seohstlifted with

reéq%(g{r{agheeg@,@st ttﬁ)all tol,ffss i gheroriority request allows

|scarded with a | ower
probability. Low priority requestget slower response

but _duri ng Lti nrg g }E@gffl c coul d be accumnul ed.
Aggoeding frothg grghitectp b ¥R 37 Fise» trcosplcicytiel frsigeiéamines the lengh
ot‘%oll)ﬂrﬁ 1R tb e iRASHARed MRn! &4 Rﬁbé’h‘ﬁx&ﬁmﬁéd Q'agédrﬁ\.&é(teﬁ LA& the size

| ows a resource reser vat ion confirmation
Oﬁ/\lﬂusoamcmnlaltedv\éma eqeald thesdetetmipedpleogthbif| the )bursRé'ﬂérThemg network

re§ouéce§gre ﬂlf% oglzt%gprglttt#rggz Qlél’é Zézg%%é—atﬁ% no%tlﬁep etfeé\ﬁ)rgd707 is reserved.

Apehst] e kbnted] pabiet 705 editdifing \tbhtkol RfolBR M (BRTsizd & the burst 704,
which a control packet

etc.) is transmitted, followed by the transmission of the burst 704 after the offset time 706.

Then, the data to be transferred is received by the destination computer 702 where the data

may be stored.
In the following, the time domain division method will explained in detail.

With the dynamic burst assembly mechanism, the random burst eligibility time method can

greatly improve the utilization in an optical domain. However, some bandwidth may be

- wasted during the resource reservation period for each burst. Since it may be too costly to

wait for the confirmation of the resource reservation request, there still exists the
possibility of the resource reservation failure along the light-path, which will result in the

burst dropping in the intermediate optical node.
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followed by a burst is used for transmtting data. As
shown schematically in Fig.7, data is to be

wo ea@smeaizss ed froma source conmputer 701 (e.g. BCEHSGI@YE00008
server during a read access of a storage client) to a
destination conputer 702 (e.g. the storage client
during the read access). A control device 703 of the
invention is provided cont r%l ing the transm ssion of
a burst 704, i.e. data to be transmtted, along an
optical path 707. The burst is preceded by a control

Fig&Cédivs 0t phifBO0SIIERAtng thd Listinidsidh 6©5BE
lgurst s zyf/\IBan 005116¢ t1|n$re ! ififtrditsioh of 4 lt%{ aéc%rcﬁﬁ?to another

praﬁ%vhd eobodiment pbthe invenfpe, in, whigtethegime dbmdla\dmexohlm&thod of the

in ;ermnels e(pe | ength of a burst 704 to be
Y?“‘Hgﬁﬁ‘f‘f@& Then, data to be transmtted is
accunmul ated until the size of this accunul ated dat a

equal s the determ ned | ength of the burst 704. Then,
Inperdop f chimignty dlass bpish tiapwaission setuandshdyt @ndgh possibiticys of burst

I d Af t t hat
o A Y TR SRR b B e e
WOM getvgork elmfhetthﬁe ldomain ifi@éloneﬁﬁth))dl ﬁlet(ﬁﬁﬂédTWabﬁémgth is further

foll owed by the transm ssion of the burst 704 after
diyided gppg the ttﬂil%@%@ intqrp geriestof imgslafs 8Ol ofefixaddengtlerwhich is the

t wh
mighnb Bl BY L0GaAGD SRA' S WpERTPHLBRe Haf WIS el fiocation
(R¥ &) sietiodmedeiad esiablishex pigath pett fon tlihﬁtrandmltsjs\fﬂﬂ Ef tHeeburst can be

) c.burst as ani sm_the random bur st
fu&?ﬂ“é 'rgb!i W‘SW F?%?F@Ttb ‘Pfyofasteﬁweﬁ Pxeleyeth epyighyaent igantrol. The former
opﬁbh lid ﬁﬁférﬁ:ﬂ dc@ox@ﬂ)go@tth@ HveHGIRIThe EMENE" of HOTBWA on TDM has

bandw d may be wasted during the resource
beplesmvmam B Eﬂ@ﬁfﬂ oul afreservatiomrdguesttan iiegereninbemaf tltme stoamWﬂl be

as;qgr%tglr% t[] ¢ i3 rces&ljngcr ah Hétf ngHTH talug%sgrg'gtti(?qi\é/mage setup at all links
algn@Sthi patt 890.0Herthall RS GRS Ehdr BQTViRS kK1 Bk | uhdBrs®o@N all the
the |ight-path, which will result in the burst

m‘él’”@ﬁﬁi&tﬁ gptilqal pofles, g dhakili BroRagapien erd nafscRsodepgiorBdedpwehich will
be%sg@hﬁ ogﬁhﬂgﬁg gle éh '3t & Bll%teh@?otg 5%92%2@4@;%? [hé?tlrtnﬁ éiomam

bur st accor gto anot preferr
divisioe ntethod, resarvativinchuldie ct)ﬂcrperdﬁﬂ){ﬁiqnesﬂj vi si on nethod of
the invention is included. In order to elimnate the
burst transm ssion setup delay and the possibility of

In BEde$ ko make the time domain division possible, the arrival and departure time of each
variable-size burst should be predictable. It could be solved by the optical burst-shaping
scheme. Once the u and Lg, are decided, the time and duration of each burst transmission
are predictable. After it reserves the time slot for each burst duration, the traffic source
could just send out the data upon its turns. If the source transmitting rate falls below u,
some reserved slots will be empty. However, such over-reservation situation will be

avoided on the next I/O request.

The time domain division method is defined as a reservation and burst transmission
method in the proposed OBFC method. It could operate independently (alternatively) and
also could co-exist with random burst eligibility time method based on the traffic QoS

requirement. A description on such coexistence concept is disclosed in [1].
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droppi ng at internedi ate node, the tinme domain
di vi sion net hod nay be desi gned over the WDM net wor k.
w0 mooshe7284 me domai n di vi si on et hod, the divi dedr/SG2004/000008
wavel ength is further divided along the tinme domain
into a series of tinme slots 801 of fixed length t,
which is the m ninumduration of reservation. Such a
dynam c routing and wavel engsh all ocation (RW) nethod
used to establish a |light path for the transm ssion of
the burst can be fulfilled by either a centralized or
I6lih$d dpedititAibn) @AY EbIRVELE doGs A REtitdgont rol . The former
option is preferred according to the invention. The
feasibility of the RM on TDM has been proven in [2].

(RS0, Bl LB ORI Aol ARCEBATP B fens o

such ti@eS dGumbtes esey Faime Widrl the IBEBEUB0RAN1aWireless LANs”,
i nks along the path_800. Here, all the |inks
charact%@?@ﬁFEQOE“@JEEEBQCGﬁH@m@taxg by all the

i nternmedi ate optical nodes, e.g. the |link propagation

and node procession delay, which will be used for
[AaB.cWeas Kid. Shalisgerh,t “Rdutimp) waldlagli add singd-slonhsi@mechi€in time
path. By this tinq domai n divLsion met hod, reservation

coul d HEVISYAe MPLIPleYed) Mayeleugth-roned, optical VDM engtiarks”, 1EEE
time domEOTOlMVIoDRoMbIPNSHI 40.1450€ arrival and

departure tinme of each variabl e-size burst should be
predictable. It could be solved by the optica

S T RARIAP CERETT shA S bRFe SET, ST T Broposal Document,

transmpilon are predictable. After it reserves the

time slot for each burst duration, the traffic source

could just send out the data upon its turns. |If the

QUIG& 1y dot nBgtEAbRrst i ] ryed i

[Ail ot(g c\’/\ng{(?ﬂﬁe en’p?g ! I—bmgvg\l}vl,talsf{?ghﬁ%s\té-%ﬁ%ré(g?&o%r an optical

si t uat iloternet"| ). High Spesi dNetivarks, tviob 8neod, dp.60-8401999t . The
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reservati on and burst transmnm ssion nmethod in the
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702 destination conputer 703 controlling device 704
burst 705 control packet 706 offset tinme 707 optica
wE@aios/080284 dat apat h 801 tine sl otsWat |s clai nedr/s62004/000008
A control device for controlling the optical data
transm ssion in optical burst sw tching node between a
source conputer and a destination conputer, the
control device being ¢ conn &ted to the source
Vﬁiogﬁy er anq to the destination conmputer; < adapted
At CHMEYMt case of a burst to be transmitted from
the source conputer to the destination conputer, the
| ength of the burst is determ ned based on o0 a
1. paceniwsl devicnthr cantrolting theaopdiciladataetrinsiissionsin optiodl bulse switching

destination conmputer: and,o.a predeterm ned tineout
meglsbt'ftweﬁgragﬁgﬁcgf ﬁnaﬁﬁe£%{{$ar1‘éesﬂnattﬁ’ﬁﬁo'5‘PP@F’ whi ch i nproper
thdedn$iol ddvadeHdinpsi on is assumed to have been occurred.

2. The control device according to claim11, which is
* adapemwgctsd ththe Reurce pempusergant] tofhetdagtinatios tomputer;

det er m ned rther based on .an initial ndow si ze

- P criaeeh T A erse R cchutl 1h Bei@pamfien dom M outspemputer to
CONpetdREtidafoR Bbipdtér, BRNEnIILHOME b¥RE &ide@rhRAkd ggsed on
acknow edgenent. 3. The control device according to
cl ai ma @rparmeftijindicatingaagynidable beffertsizatoftthe déstingfidn @imputer;
the burs n' s determ ned further based on a packet size
i ndi cating the size of data packets which the source

conmputer ai predddtrenificdl §M@0ut value parameter indicating a time after which

improper burst transmission is assumed to have been occurred.

2. The control device according to claim 1,
which is adapted such that the length of the burst is determined further based on an initial
window size indicating a number of data packets which the source computer is able to send

before waiting for an acknowledgement.

3. The control device according to claim 1 or 2,
which is adapted such that the length of the burst is determined further based on a packet

size indicating the size of data packets which the source computer is able to send.

4. The control device according to any of claims 1 to 3,
which is adapted such that the length of the burst is determined further based on a round

trip time of the burst transmission.

5. The control device according to any of claims 1 to 4,
which is adapted such that the length of the burst is determined further based on a peak

service rate which the destination computer is able to service.



10

15

20

25

30

4. The control device according to any of clains 1 to
3, which is adapted such that the | ength of the burst
w0 2006062841 ned further based on a round trip tPEESGL004/000008
the burst transmi ssion. 5. The control device
according to any of clainms 1 to 4, which is adapted
such that the length of the burst is determ ned
further based on a peak ser Lsce rate which the

stinat.i n CO ecrvice. 6. The contro
6 e 0Bl BRI AT IBE S T ISt 6 5 whi eht s
wRRAPE efdapted ! r%u&lh@ﬁat tthe lén%'ﬂgtoh tRd bhRe 1§JldEt§I-ml1n§d in dependence of a

determ ned in dependence of a m ni mum of par a
miminiuoaef the paramateaindigitiog hofaveilabdd bteffanfsmhné thke destinatidnocomputer
out val

C er and o pre et erm ned. t.i

o e Plee finPec g Lo Sl P EF indieRRRE F (Rotitr vhistsimproper
bilrsAHEMRSi0R s ds§mﬂ&§t@|mde b&nhRyv@rddeen occurred. 7. The
control device according to any of clainms 1 to 6,

whi ch |s adapted such that data to be transmtted is

alﬁ)% (ﬁtd[%wc e toP nS[%,u é%f%nfgéji? until the size of

genera ?y equal s the

whlieh 6§ Hd]dp&@ sluehl @lﬁdﬁ d@fa tbhﬁ teahsSiitteldois REcuniA& S i Hﬁdsouﬁ:e computer
The control device accordin (? to any of clainms 1 to
B

unfjhjtha, size; of theflata) tashi: Hansutte %@élymuﬂﬁ dhgj é@témi*iilﬁblfngth of the

bdrgqggptrgﬁsn{lggd burst to be transmtted, resources for
transmtting the burst are reserved and the burst is

transmtted. 9. The control device according to claim

i S, ada d such eservati on and
?@ﬁﬁg%@g‘ﬁ‘gﬁe?gﬁgf fozaé‘?ioggf EH) ptical burst switch
whih WPidapted QuchTthat, BAsHdr o thel ¥t HRindd fe%gdl' &t%hd Busst ﬁ)' 159 fansmitted,
whi ch i s adapted “such that the optical burst swtch

repirees Ao temppitinghe bueharefreserved pad thy barst intransmitedc k et
foll owed by the burst after a predeterm ned offset
time. 11. The control device according to claim9 or

9.1Me coditial ldevise mianﬁ@toajlmin g hat the optical burst
sw tch netvvorh ri ses neans for sending a
which is adapted suc that e reservation and transmission is realized using an optical

burst switch network.

10. The control device according to claim 9,
which is adapted such that the optical burst switch network comprises means for sending a

control packet followed by the burst after a predetermined offset time.

11. The control device according to claim 9 or 10,
which is adapted such that the optical burst switch network comprises means for sending a

reservation confirmation packet indicating that reservation has been performed.

12. The control device according to claim 8,
which is adapted such that the reservation and transmission is realized by dividing, in the

time domain, a burst to be transmitted into a plurality of burst slices.
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reservation confirmati on packet indicating that

reservati on has been perforned. 12. The control device
wa@emenaizeg to claim8, which is adapted such tphat/SGHe4/000008

reservation and transmission is realized by dividing,

in the tine domain, a burst to be transmtted into a

plurality of burst slices.13. The control device

according to any of clains Lio 12, whi ch i s adapt ed

h that, in case of a r%$ t.erm.n data path for
13, Skttt dsts aoiatap o ol St Tup 19

_ anng ne internediate
WHRAPH RGptb @ S@dheMhat, in LR &tad BreRaktfniR&d u,@tﬁrpatmﬁ)ra%ﬁxﬁgsion of the
conputer and the destination conputer isinplenmente
barst, aat daash eons tinteergedigo rpoupater flogatade imptheadath ypatht betivegn the source
data related. to the transm.tted burst. 14. The contro
bRl BENE T O8 RPUEF L EPRBUAEH gs atacl floFite omputer for
teMblstRAray seuap dith adlaten ectht Mandeied buf. the burst is
determ ned, a burst reservation and transm ssion is
performed based on a random burst eligibility tine
Erehno 0 Lver i t /cal: I 15. The control
1 devi chngélcdg rglglle ﬁ(\é&tr (ci)ﬁlg Foa?]&] %ﬁu\ﬂg |lf ct:?ia?s adapt ed such
wihieht is adiptedesuehtthie emct e Tehg® of hdb@ricis Qlefermingt Al Burst reservation
éﬁrst and the tinme to prepare a full pre-determ ned )
ang, pransmyissiqnais perEpymes; hagedion, g rapdom prstegligghilityi thpg method, to deliver
t}{eidgﬁcal%ﬁrst.A shared storage network system conprising
a control device according to any of clains 1 to 15
for controlling the optical data transm ssion in an

i cal hurst swtchi node, bet ween one of at | east
1%'%"&8?@@%‘"%P?Fé’f‘ﬁg%gﬁd?)’%a’di ng a storage portion to
whith i§hasrell sicaraga ARk Weiwees MBS Biead Hraif: Qfmiﬁfmdn??ﬁltst and the

e

one storage client adapted to have read and/or wi
timede prepuig afull peedateramgeddrugit igyandmmlyipivked ip as a bewt eligibility time.
of the at | east one storage server, the storage server
and the storage client being the source conputer and
16.he sltheat storagd mntworkngystemt . 17. The shared storage

net wor k syst accor di to claim.16, wherein ¢ the at .
COTBRLY ot ngg{oE Fﬁb‘%" §‘§P{f£19g fasany, dmsyli (onfonfon centpalking the optical

d4t@ GRhsrAES8n RLAYBHtical burst switching mode between one of at least one storage
server each providing a storage portion to the shared storage network system and one of at
least one storage client adapted to have read and/or write access to at least one storage
portion of at least one of the at least one storage server, the storage server and the storage

client being the source computer and the destination computer.

17. The shared storage network system according to claim 16,

wherein
. the at least one storage server is located within a first local area network;
. the at least one storage client is located within a second local area network, the first

local area network and the second local area network being interconnected to form a
global network;

. the at least one storage server and the at least one storage client are interconnected
such that in case of a read or a write access of one of the at least one storage client

to one of the at least one storage server, the length of a burst to be transmitted
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« the at | east one storage client is located within a

second | ocal area network, the first |ocal area
woedndosk3and t he second | ocal area networ k bei PQI/SG2004/000008

i nterconnected to forma gl obal network; « the at

| east one storage server and the at | east one storage

client are interconnected such that in case of a read

or a wite access of one of sthe at |east one storage

client to gne of the at |east e stqrage server, the

" engtrordiedd fead vt apons dRlbrmipad Lorai R ¢ ot he

read Olo Whé pEramefe filidating@h @U4T1aBRDLUERE 69 BP 1R stdlSoe server or the

parameter indicating an available buffer size of The '

st orage s¥oregs chentt wdicht storage sehicernr, stovage felishtoisathe destination

server or_stora client is the destingti.gn_conputer .

of the burQIPUleT T il dranSuisein vt prith the leley vite access

wite accmgs; and o the predeterm ned timeout val ue

paranmeter indicating a tinme after which inproper burst
t r ansnios she prodgtegmingduimaoyt Nalve patsereteciodiceléng a tne Ifier which

shared st; cordi.n o claim17,

wherein t ﬂg}%g\?[gtlvk?)%lgﬁ" %é%éz%}% %Jrg)]}a 8? %’ﬁ%‘rocfg% i ses

at | east one of said at | east storage client and/or

tg_g second | ocal area network further conprises at
18. dhe shagpid stgrage petwork sysiem agepadiag & glgin dér whereingthe firydocal area
RPN R CIARA S Kkl YPLATALSEL Y A s o
arear meaworktfudhde comppisassit legstamne loétstat lrast omit otosape sseN er

and/ or at |east one storage client, the at |east one
further | ocal area network being interconnected to the

1991Thd Hardibsivagknetwrk sy temsdadr8ig3d %f&&lﬂﬁk%% 18ystem
according to any of clains 16 go 19, wherein at 1| east

COBIEISHE A st @fé‘a%‘“h?felﬁcﬁeﬁtr%ﬂwod@mﬁrm a leastlonegtorage server

anfiRRH" Bht R orall SGANIRE LEecRP offe AR DELAIP G RSk being

east one stora servér and/or

- intstconeagpeedab itlergloted nétiverk.ocal area networ k associ at ed

wi'th the |inking conputer on the one hand and the
remai ni ng | ocal area network or networks on the other

200 2AIshatelt stok g &Wrﬁégﬁ&ﬁ e diNE tRHy o YainE 16 85 £ di Ng
to any of clains 16 to 20,

wherein at least one of the local area networks comprises a linking computer being

interconnected as a link between the at least one storage server and/or the at least one

storage client of the local area network associated with the linking computer on the one

hand and the remaining local area network or networks on the other hand.

21. The shared storage network system according to any of claims 16 to 20,

wherein at least one of the local area networks is an optical network or a wired network.

22. The shared storage network system according to any of claims 16 to 21,
which is adapted to operate based on the Storage Networking Industry Association

standard.

23. The shared storage network system according claim 22,
which is adapted to operate on the second layer of the Storage Networking Industry

Association standard.



wherein at | east one of the |ocal area networks is an
optical network or a wred network. 22. The shared
waet@sagrinet wor k system according to any of cleBETEGA64/000008
to 21, which is adapted to operate based on the
St orage Networking Industry Associ ation standard. 23.
The shared storage network system according claim22,
whi ch is adapted to operate gg the second | ayer of the
St orage Networ ki ng | ndustry soci ati on standard. 24.
The shared storage network system according to any of
Lt
2 TR PR e eIk el R0 Ry bR 6 %,
whiek s¢ adﬁp&:dsiuoh dbm theenmeretyf ofr all af gie(ﬁwx’agdabmlonsadﬂ tleS& least one
sgace. 2?. A qﬁgagﬂﬁ%? controlllng the optical data
SIQTREEERY L S9TBHA £ 30dress $PAPSt  swi t chi ng rode
5 bet ween a source conputer and a destination conputer,
conprising the steps of ¢ connecting the source
25c dnpgthed fop conteollings therfalttllcdndacta) tlpmsslon in an opisel bfirsa switching
to be transmtte e source conputer to
it et el AORBGL 1o G BABRAPREEE e Bngth of
cohipﬁsf@grtﬁdstmsgd on 0 a paraneter indicating an
avai |l abl e buffer size of the destination conputer; and

* o acpmsdEnghpEomser eimptaIto ﬂaldqstlrpaomn@nmten, ndi cating a
.St ransm ssion is

10 ;;geahg%t te 3 q\g\‘g\lfép g)eg%‘)n rs{i I,t?éé érom he source computer to the destination

computer, determining the length of the burst based on
o a parameter indicating an available buffer size of the destination computer;
and .
o a predetermined timeout value parameter indicating a time after which

15 improper burst transmission is assumed to have been occurred.



