5

10

15

20

25

30

WO 2005/ 064482 PCT/ US2004/ 040418 MULTI PLE | NTERFACES

IN A STORAGE ENCLOSURE CROSS REFERENCE TO RELATED
WOARBENEATY ONS This application is related to tIEI/US2004/040418

foll owi ng copendi ng and comonly assigned 5 patent

applications fi I ed on the sane date hereof: " An

Adapt or eRPEP ETNITERFACENIN B 9TORAIGE ENeY d¥krEUNG

Seto and Deif At allah havi ng attorney docket no.

P17716; and "Encl osure Managenent Device", by Pak-Lung

Set, havi Oy | . 1/
BACKGROU M§ g b ONsht s

rel-ptie aﬁﬁhc@h&ﬂsﬁ@ﬁted&% $heefdlloRid d@)ﬁ)@ﬂdlﬁ@hﬁ@fzorﬁﬁhﬁw dséiBfed

multiple interfaces in a storage encl oSure.
patddé spplicptipomfilefl onlike Roteadaggtheseal: [ 0002] An adapt or or

mul , ne r ot o con [ a Vi G
Cou i RaT RuboRRe Bty Pk by, BURak g SR Deir Atalan,
NOrRvEIREASARRE ISP TES; &t Or dl ng to a storage

i nterconnect architecture, also known as a hardware

i nt‘dinclasare MpragsmentPevied) e by Bak-husg Sgh having attorney docket no.
ar gz:ﬁgture defines a standard way to comuni cate and

QL

reco e such communi cations, such as Seri al
Attached Small Conputer SystemlInterface (SCSI) (SAS),
Serial Advanced Technol ogy Attachnent (SATA), Fibre
Channel , etc. These st&&éﬁ%&@connect
1 arcﬁatdectures all ow a device to naintain one or nore
" conmections to another end device via a
[0001]i THe presapo Embodiarnsatiatto aancthod)isystahpahd @opgraaf for supporting
devi ces, an expander ﬁg provi ding a connection to
mu}ﬁ’tl?hlﬁ@?”faé?ﬁdnd‘es\“/‘?ré%%em V. f abri c conpri sing
i nterconnected sw tches providing connections to

mul tiple end devices. In the SAS/ SATA architecture, a
2. SADgewriptivs ofihaReldatAdl one or rmre SAS PHYs, where

PHYlnter ace c | ayer, j.e., the
100§ D pkon a5 PR ek Bl f GHeo g s adlebRieopigi fo the
adaPRY td'GmMhichi |\ﬁtlpéﬂét&%%re Ebﬁﬂéde@éﬁﬂ de@@%&%ﬁﬁﬂ% ®Sstorage

romthe SAS PHYs in a po are processed 30 by
mtdrcroamsqj camhlﬂeatyeer glsb&nowhas a b@ndwarél' éarface.swvizare atsmp ort

f terf h t
intepOh s ar BRI Teliiey ¢ Stpiias vl 18 foRfn il and A6 g Sy
confiBidiBRnk Such BE SSHYP AHaBRQLShall SompdRY S?ﬁeﬁ%&@ﬂacé {BﬂSI) (SAS),
is used to interface to ot her deV| ces and ¥S| cal

SeriahAdvirxed Tephnalogsr Adrshaiens (Sl AR & 1t$¢\§hameﬁ,| ateclhase stosage

ex ders escri,bed
1nterconne§ arc%ltecturé% aﬂow a dev1ce 0 malntam one or more connections to another

end device via a point-to-point connection, an arbitrated loop of devices, an expander
providing a connection to further end devices, or a fabric comprising interconnected
switches providing connections to multiple end devices. In the SAS/SATA architecture, a
SAS port is comprised of one or more SAS PHY's, where each SAS PHY interfaces a
physical layer, i.e., the physical interface or connection, and a SAS link layer having
multiple protocol link layer. Communications from the SAS PHYSs in a port are processed
by the transport layers for that port. There is one transport layer for each SAS port to
interface with each type of application layer supported by the port. A “PHY” as defined in
the SAS protocol is a device object that is used to interface to other devices and a physical

interface. Further details on the SAS architecture for devices and expanders is described
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1 WO 2005/ 064482 PCT/ US2004/ 040418 in the technol ogy
specification "Information Technol ogy - Seri al

WO @0a06wdsk SCSI (SAS)", reference no. | SO | EC PCT/US2004/040418
14776- 150: 200x and ANSI | NCI TS. ***:200x PHY | ayer
(July 9, 2003), published by ANSI; details on the

in tﬂfé 1‘@ fho glifidgisd t‘ﬁl%xﬂ{aﬁoﬁ"[%c&ﬁﬁ&g"y bedidi M\ ttddBed SCSI (SAS)”,
nol ogy specification "Fi bre Channel Fram ng and

refeﬁmga abi IS@/THAL &477eE30; ZWWMNSWCE‘ SI*g¢y208€ PAN 1ayer (July 9,

b B2 RSB MRS VA S B S g e
teclﬁgﬁygyﬂg%ﬁ&%ﬁd‘lﬁ% Chhhce @raﬁin@bﬁ@ng‘ﬁEMg It ¥acel. ddument no.

003 [0003] Wthin an adaptor, the PHY Ia er
ISQéEth AWML 4tlﬁé-2§ ed¢tauls erothe Sl A éllChli@ﬂ’NféraéfP @wcnbeca@tthe technology

spewﬁsét%%tv“%%ﬁéle%* AHEH Spoed SehPRTAT BabiBnof? B, PR {fope 2009

(003 Wit ddapesahe PRy E?Mﬁjeﬁfahn;t tHegefiglas phfalléh@)nl%f\élon of data,
| ayer of a 10 receiving device. In the SAS

s0 thqi@@raihebéata iritansmétted tp daystreabore thefPHY daver.apdssriplglata is
traq%%@tgerd"f%grsr% t %{[q%(ﬁarr ’thr%&gﬁ &@%h?gléaq t?l%tkfgféeﬁf) gl??cg{—rl_&"t lgifel ofa

recéi@ing dbvie@nketht SAS Sii)e&lﬁeatRinTbﬁef@i)! ®he sé O(f dinkégterofor padhhSAS
connects to a port coupled to each PITY layer in the

PHY dayst.c th ¢tieei valnaacd Link layes pyipeod enging srqoapledip 9wwllel-t0-
f
serFAY er s ST PP AVBnRUARA DA PRKLRC10 PR EolehiL o cach
PHYNay&r irlthe ﬁﬂambmhdabmuatt itne physicdl Qi€ ceAnitiax [aaotﬁelr delvsce or on
a deV| ce that facilitates conmunication ac\ﬂﬁl prov 3
an gxgpndes deviegy Wh&Fﬁ)&P@ CREMICHIR BB ARYRAPIRIISS 2 Cipleqs etched paths on a
devi ces and addi ti onal expanders connect
pr1rﬁ%ﬂ éﬂﬁoghpo%%? on the expander, where each port has one
[000)4] AnexpaBAS iPeidsvianthat wtlrtaspmrdmuglcpﬂwsm@rowdes for routing

i nterf he expander ends the. di.stgnce
DO AP, BOPTEH RS AR IS abd AAbhl Fifpters
conﬁ@éf td @ﬂétp%rtb Bh A BhRdbr] WRER 8adhe)0rEiRas 0neRdP afdré BASIIEPs and

PHY on the expander to another SAS device

Commdmgl physical inteefacesx Jawdaspardelyalso exteiglsghe dgtamge ohibe
congesnpBoehuie A5 FatBrbp SingGhaT inut b FRRLPS S g dovice

conkRM g6 & SIAY PIIY Bnf thé BBpandertB ahdthet DA S [daViae béinecting to the
converter, which may be part of the PHY, converts the

exppedse PHYS. dafASE peing ﬁ@rqxaandeé repirgaedditienal seial gupasallel

i nt er nal n t rt
conp PafiaC Ty b Y, AP S B P DRSSO 4l seral-to-
pardlRe cASrtBEhiEYmEPBY Birt oPiE PIHE|cotpdrts thOredeiviedldatddtomn serial to
t hrough one or nore encoders and convert serial data

paralls] poaontel igternadly 40 en PBIRYhSAS PG Wikich copiers Hif frarae framgparallel
to sglnael 38 heq?{ggt %Q/? de’fﬁe SRS %ﬁs Q(Eylggﬁgerl a}gagﬁ)lll %fl‘(r%a)to B, lti’igta

I ncomng seri nto

thrcfugﬁ gue BEMotEhepias endtortves seiigiata. to paradlel das khrn@hoj padfllel
the signal may introduce nojse % error | nt o

datashyjlslgr ancapepdr nppradrpstersond BRasey (&) may be used to track

incoming serial data and lock into the frequency and phase of the signal. This tracking of

the signal may introduce noise and error into the signal.
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2 WD 2005/ 064482 PCT/ US2004/ 040418 [ 0005] Referring
now to the drawings in which |ike reference nunbers
WO 2psecdst correspondi ng parts throughout: FIK&ESL/UL20041@#0418
2 illustrate a system and adaptor in accordance with
enbodi nents; FIGs. 3, 4, and 5 illustrate operations
[000%]13I HEALAL nb 16 BR &Q@ﬁig@ in @hichllf referedbé ndmberd rgﬂ1§sen§
Il ustrates a perspective view of a storage enclosure
conieapcmdmgpﬁansduoughdult enbodi ments; FIG 7 illustrates a

e. en ebacklan dattachdsto
sertBR 1 4 BBbhRenod Gr R AR o iR AE e Hap P g Sodimens;
' | 48isr AtLSn@P ﬂﬂigﬁ@&ctgkra%%(s iApla@eEdante adhsthr of FIGs. 1 and 2;
enbodi ments; 10 FI G illustrates a front view of a

r acIG. |6o11uaﬂnam§ agIeoAPaeiey eariew of a swsaggrrackosyrg én gcqondance with

accordance with enbodi ments; FIG 10 illustrates an
embodReINS; that may be used with the storage server in

FI G/ 7'1I]ustﬁ€6§Qrsﬁcﬂﬂg‘@erwndshreedﬁbmﬁhm&ﬁ@attaalﬁ&ﬂ dtbrege dekver in

il lustrates system conponents that may be used with
acc@ndenqre*@@h pipbedimestserbodi ment s. DETAI LED DESCRI PTI ON

[O I ri made

ool?@é 8a %%gegr? i ekggm QQPWI ac%Hgﬁef‘%{rﬂm&gﬁ%kg@ehﬁer eof

andrieh i9<ihudt1}atds31tﬂc&it eleS\EUH ﬁlck erohathhgretoiage ehdlogises and servers in

understood that 20 other enbodi nents may be utilized
accendgnest Witle eipodimSAE; oper ati onal changes may be made.

SURRL 8, Bl ) O FESORIEGE LB B 5

accéfdvhdeonitie ambodimshiscindenbodi nent s may be i npl enent ed
A host system 2 includes one re central .
or ods 41 rilastles vtemegmponasty Bl ey hetised i s descgibed

emyQHiAthike menory 6, non-volatile storage 8, an
operating system 10, and one or nore adaptors 12a,
12b whi ch mai ntains physical interfaces to connect

with other end dei@éﬁggﬂﬁiﬁgégﬁﬂtigiQDOint_to_pOint
connection or indi r nore

[0066‘]pa'iﬂ %éfoll%ﬁlg‘%fesw&)nsf@fér@ﬁlﬁﬁs lmrzldéltdc @ %b&n‘ﬁfa ?ﬁl% ®REwings
nmore devices in an arbitrated | oop. li'cation

w111ph Gymamparehénaot a'ndrwlmle dhxstrstelsnvmrdmtgpdenqﬁﬁ Jtgs umbsm@ that
ool AL K08 020 O RGP A Rab TR B9 mce.
interfaces in the adaptors 12a, 12b. The host 2 may

conprise any conputi ng deV| ce known in the art, _such
as a SuppaftingdMultiole Stevage frterconndct Asehitgetares in an Adaptor

o, 857 B P O TR e o
impIREAGE A0St Sfstedd 2 ilildes one or more central processing units (CPU) 4

(only one is shown), a volatile memory 6, non-volatile storage 8, an operating system 10,

and one or more adaptors 12a, 12b which maintains physical interfaces to connect with
other end devices directly in a point-to-point connection or indirectly through one or more
expanders, one or more switches in a fabric or one or more devices in an arbitrated loop.
An application program 16 further executes in memory 6 and is capable of transmitting to
and receiving information from the target device through one of the physical interfaces in
the adaptors 12a, 12b. The host 2 may comprise any computing device known in the art,
such as a mainframe, server, personal computer, workstation, laptop, handheld computer,

telephony device, network appliance, virtualization device, storage controller, etc.
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3 WD 2005/ 064482 PCT/ US2004/ 040418 Various CPUs 4 and

operating system 10 known in the art nay be used.
wPrgoes2 and data in nenory 6 may be swappedPGTUSR004/040418

storage 8 as part of nenory managenent operations.

[ 00081 The operating system 10 nmay | oad a device

r 0

Ve i e P and
dataiﬁ\tnelﬁo@cﬁ‘mnruyl be swappgd inte istogagerfeasspapipefimesdonymarggenesind

al so load a bus driver 24, such as a Peri pheral
operg§iRBdnent | nt er connect (PCI) interface, to enable

18 nbdgﬁogcﬁa dEHed r 208{28bl 300for B4dh

[Ooﬁterfgg)gialg? S%\%érgrl b in the pugﬁecatl on " PCl LocalpmtOCOl
supButed iRéhe adap®t 12a Idgbmp siadle ngmn@cat@pn witlca dgpise communicating

oSSR 1 P i

IriRAt In?&c&rﬁﬁcﬂ?@ﬁﬂfe@fa@é td Bﬂab@d&ﬁhﬁiﬁﬁlcdﬁ(ﬁl w1t113*bus 26. Further
ich may occur during initialization or dgnam cal | %;,

detadly off P&3 inthrfacsase describedoinibe pHtlicapomyPElegcabBus, Rev. 2

O N . S

20c@ppidted b¥Qhe ac?dgitbrs 204, .12b@pon deteéaiigehe pfeeerdae\ufcl& adaptors 12a,
drivers 20a, 20b, 20c  may support the SAS, SATA, an

12bFwhick nenaeaser dsiginitagzasisogr dé’fl%ﬁ%@@yﬂlsﬁ?lé?& the sase Wlﬂéplug-and-

" play déex}l&t Sl EARSH Iﬁ"ﬁfeg@rﬁtfo?gﬂg&g%g asegl gh@?ﬁéraﬁ{#u%%{ 1(% loads

r| Vers na
threé@%t@@oldfevmeﬁﬁvéﬂ@éO@,@@bI 20c. Tdr snsemoe tthe dd\ﬁ@@&ivdﬁ a, 20b, 20c
nt _of adaptor 12,

illustrates _an enbo rTE
e BIRPTSEE SRS SERs GHLE DR DS O Ot ST IR -
1nte€ﬁqoﬁh§crt %dhﬁt)éctﬁ;els p @ﬂa{tﬁoe ahl S LS RRER cﬁ’pﬁrs B8Pbe 103884 based on the

transm tter and receiver
nunthet ofldévige dmttm&hada;ﬂmnﬂemppon’us har dvvar e. The 20

(00BSRTIcE B udiefheh SBCRLRFT AT Sap ol DI Ty I e b agpror
12at {24, pABY ! g%ﬁﬁ orQRc1hNgG aH:l'luﬂah@ﬁoﬂiih ﬁHéltmﬂ%ﬁﬁééé 30@MU0bI. 3@, §vhich

Via etch aths. The physical interfaces 30a,
may3iblude :Blnmtrmmltpar@nd desetyicf Eigguaimy apdh 9@pt@annc¢itcelrlfaad:\we The

phyRgiploEiof REGEPHIEE: SOROTADREvICSOR CPaF ConARERhg! oF ppiated

c1rc§ﬁ%/o§t‘ﬁT36 tﬂﬁ‘ﬂe@fée?&gﬂl@ @)ﬁhfb@rcu‘cﬁit BbhrdcRnininiéaté R letched paths.
Channel device. Each ysical 25 interface 30a,

The3diysical3oterfaags e, %Qh,lpg@dmﬁﬁ peovidevdiffageat plemical Biesfaces i

aiffiepl S REPT e At TN Ry a0 4By By conneating

to Al AYShateddiidesandaneiiar Bhatkt fer STECRADSING] devide. &claphysmal
phased | ock | oop (PLL). The PHY |ayer 32a, 32

intoniogt 80 A s cHon A e Pl I PEIY 159 S iapy 21180 2 iihin xpander
f |
34. PR UAE 298 308 2 oy B8 o by SAOMELAcAInENH HPstloh, o

trar@fate ik, hiea cloeAE Achatian sach bea prasedlockdo@a(Rilll)eThe PHY
converter to use when perform ng_the conversi ) ltl)ata,
layqrs2a e v 340 H?u]ﬂﬂ@lﬁ@fe?pﬁeéﬁal ioppATAlle] ComYSTier g B the sefial-to-

parélfel COMEELSE5hPhe PR to track the i incoming data and provide the data clock of
the incoming data to the serial-to-parallel converter to use when performing the
conversion. Data is received at the adaptor 12 in a serial format, and is converted at the
SAS PHY layer 32a, 32b...32n to the parallel format for transmission within the adaptor

12. The SAS PHY layer 32a, 32b...32n further provides for error detection, bit shift and
4
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SAS PHY | ayer 32a, 32b...32n to the parallel format
for transm ssion within the adaptor 12. The SAS PHY
WO 2008064382, 32b...32n further provides for errRET/US2004/040418
detection, bit shift and 4 WD 2005/ 064482
PCT/ US2004/ 040418 anplitude reduction, and the

amp‘?fﬂﬁde%d%ﬁ {r@% oﬁﬂ- o r‘}gt@%a %ﬁ&%ﬁ%@&t%sh an operational link

oper at | ona I n anot her
w1thnlmdthm SAThBHYen ratnothb:edefvaxme Trheyerreinésr faco mayeefoh yesihe ahysical

terface or. the nterface rfo pm 0 tloson
intefthes GrBe YOGS REHOMHER QRO e KGR el ingfepi as
circéiﬁné/oglll%lthThe PHY | ayer 32a, 32b .32n further perforns
speed negotiation with the PHY i n t he external
[00H\VITePHY dmenBRa,i33h. . fdndutther pdeiptoy the 2peqdrn6<gemtsanw1th the

P T e AR 05V S RbGSLraBl b L ol Suiipents. the

PH‘?fla I 85 £30pt. . PLAhACHY Srobfaaiedd thtall6g speed MeoHiali®h &1d detection
ferent transm ssion speeds. For instance, SATA and

of dﬁﬁ@emtrmn‘@mﬂs Slanssitingretifee warecrdiidorsaidsansmissivamppaeds. For

ns "SRR SRR R BRI Sl

spe&ﬁ%@llﬁ%lgﬂﬁtzf((}ﬂzl) éﬁkﬂs WHZ &d HbrelCIMAS tfaigmisdioh? bar{bz detected
and Because |link transm ssion Sﬁigds may

bechf: mfm trﬂ@émlétefﬂ g} 0623t GHARl 4 1e B andeh 25 Fﬁwausequ
tranﬁlg %ﬁg«‘%dfs agﬁ%e' (?iﬁ%l%ng%}é 8%?‘%%%%%%%&%?% N PEAE fSer 32a,

32bi rTIZhrrHW daﬁct(stbrsglﬁﬁtéﬁfaé@rhadinfgfchffaﬁht Istkospegds by maintaining
interfaces. However, certain djfferent stora.edé&

informpléer %&eed%i%ﬁlf%eféﬁé’r%&?dn@ RS- r?g‘%)" ?Vﬁéﬁﬁglfl crepfestorage

1nte§fa5@§ édc}]kds %%ﬁeﬂﬁl GAfA SY 95 smif ATHOBarhd ﬁiﬁl@%@é&s and support

ot bco storage’in aces transmt a sane
conimcnktram;peld prdatb@nis. t]lfetore@d\(nﬂeﬁfyms t@Rsmit 32 samShnk seepd, then the

PH?@Y%%” b oPhg R e S i TR CR RGeS gegable of
trangﬁl LSk Qﬁ}atf: %é&ﬁboytcﬁecgﬁﬁgeﬂlg‘tﬂﬁﬁmhﬁﬁon $ér MR8 determine the

ace oto€ol, where the Iink protocol
stordgef mtaeﬁlce hed plwmqmtt\’dremﬁlc digk pfotoend definesrthe shdraeipusiics of the

i ncl udin eed a ransm SSi format. [00111
tranﬁ‘ﬂ?f'ss}‘)ﬁsfr’gh@g"g Scpﬁ%(P %ﬁﬁl‘%&oa%rlg %tol can be
[ooﬂiﬁtdr ”195%&@ efle BALS Al S/A13A( thrd"t&bdl cait b@aﬁfﬁlgﬁsm n%p@ﬁgleby their
but al so 3/ their use of ignal . O he
ss

tranpm@sm@pse bhlsedy theippse crfﬁh«hQQB agnaiopth@r@r@m@ole;@sch as

Fibsz nB?l CEll qqt y&ghfﬁjﬁéls ﬁtsl @Jg)geoéﬁg@fg‘lSlAéq&odeS&F A%lﬂrhave a four

byt&pShitiay "Iﬂl@%ﬂﬂﬁﬁ@@ﬁ@ATﬁQaﬁ be gistibyiishedfbebhde e ﬁéﬂﬁ‘yte of the
primtive indicates "K28.3", whereas the first

SATA@HSABVGH@IW%r B283nwbsreasghe firgt pyte qfies AP agd F1 Fybre Channel
Th . .
mri G0 i S B 8 AR R P T BB
bas&y bethe@bniehLd i the hiextitliney Bgtes mfmhein paiinfifieds, whivhsliffet éThus, the
content of the primtiyves can be used to tin
confsaf R PFIRt BRAN Bameddadlisimgrigh bewan d1° @}@t %%’gxg'md Fibre
Ch@ggl ;{;It)@rﬁgﬂs' Yaddllibd 85 Sietefnt bGe BEAbAAL sieh AUEAS 384 PR

Channel have different handshaking protocols. Thus, the handshaking protocol being used

by the device transmitting the information can be used to distinguish the storage connect

interface being used.
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30 Channel have different handshaki ng protocols. Thus,

t he handshaki ng protocol being used by the device
wWQ ewRe6m482 i ng the informati on can be used to PCT/US2004/040418

di stingui sh the storage connect interface being used.

5 WD 2005/ 064482 PCT/ US2004/ 040418 [0012] The PITY

n r

[oopgyﬁfep}gw?%%@za 32)8(%3; efpﬁgégés ﬂ_ll_lﬁgrahlfeﬁtgﬁh% grg&r ﬁgell 36% the
expmrﬂienﬁal fihaligletayef 3@hmymnﬂlmalﬁlcﬁrseéaﬂ¢161p¢miﬁ daradach protocol

supgesy oo et gt merih S B R A e Sy Yot sP

, frarﬂ_ééné‘ SbﬂlﬁQ‘uﬁh&'ir%cﬂlotc(c@ﬂ_{@TN%@%@f 3880, Se@aﬁﬁl’ah@éemené Protocol

Mahagenent Protocol | ayer 38c, and

(SMB)dmyee B8¢iank al Fab@ﬂlaaueltlmkdwéﬁd ta PP ihesE mﬁh@nel protocol

o BRSSPl SR PR U B gyone P

to aBG@EN erhe FHRAEMittANSHrinh86h mBY aichilel @imibRys, bAcdetid rames, etc., and
primtives, packets, frames, etc., and nmy be used to

mayebt wisHite bstabitsh demensnestinn and @pem i addessafiames & roulgid0 rautes

o s a2 R L5y Sy a2

Theid8tef 90 hRint4ids ARbUIERRBIS 42 plir(Wiﬂlﬁg ah abdoelaﬁﬂ;n pf BHiYdiang's 3Da,
associ ation of PHY |layers 32 2n to prot ocol
32ben33anrf@smtsz@pl engmes é%m HZb,rﬁaﬁh &baf ? gﬁ%ﬁ%%% fropy HRHY Ipysy or

pro‘!ggg reg o r%sdﬂ)ﬁ]l%cpt%(ﬂtl &dnﬁgeﬁx‘gwc‘éﬁﬁﬁgl‘?%et %raPHY layer, respectively,
indic@se ﬁﬁﬂhb V@ltyr. tabieﬂﬂdl dﬁthe(j)r(btnccﬂ leaginesd 2, 4ma@oﬁt1the trinsport

t he protacol engines. 42 sup ort the tr

PTO‘BP@E &805SPeS TP, SMERTb xOER B RISV B Btediak layer
38a3%ig3 ?33@53%8 ﬁ&a?@iiﬁgtﬁ@tre{rﬂﬁﬂsidﬁktﬂeﬁﬂﬁéro%.ér 3G%nay3Re ’ang%hmque

orwar transm ssi on he router
knorqayin mlmmlwseteetiimomgjme nklﬂnp\ha pmtod:di engints 42n, 42b axprocess the

ampng the nmultiple 42 42b t
trangedeschas 1B o e R auiER DR CB RGP Depmetie a2
utﬂﬁéﬂlfll DetcNTHR3S6E G}ﬁnﬁélqir%%l c%ﬁ@)h@& e %anéb%?t layer for handling

zation, etc. The Fibre Channel Protocol conprises
1nfd11met1d>rr aarspoited bmy @rbrf: éﬂharmh storagg interffasy Retd oy be communicated
ansn1%ted on. .a

in B kRSP AELr 20 T AP bR A e sPP it et A

tran@ﬁor@fb%\exoédﬂﬁfrls@sﬂ&@ SiF RSy TSRy §eTTvat okﬁﬁ‘dlﬁ/ateﬂ tHalB & use to
transport |ayer conprises an%/ circuitry
9

provide awdm@ eorf-frommeinsto peindewamnectiontiaallpw fostae fcr@nsmlsswn of
rtual error-fre. 10
i B Bt SR SR BRL A Rl compted and i
the bY@t BRlek. OThORANDEH 18RY NGB 6QalilRBEs, tigd PR, bed dissolves
information arrives un-corrupted and in the correct

congecdions bativeen faiessort | ayer further establishes, e.g.

I
e
pro&dd@fb% Rs&Biodmpldthes aandspoanidsdrakitengdefiped e du m&iilstm etdndad,

enent a tran sgort | ayer, often defined b

such ﬁ%lﬁésr JATAak e & anglyoff. aiedpasspashipxer andgre O@Jam%épompnse
thoftl tfansgSHE prot IBRRRELritl e eif At ShOk REGHn TGPl Fotocol

engine 42a, 42b comprises the hardware and/or software that implements different
transport protocols to provide transport layer functionality for different protocols.
[0014] Each protocol engine 42a, 42b is capable of performing protocol related operations

for all the protocols supported by the adaptor 12. Alternatively, different protocol engines
6
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those transport protocols described herein and others

known in the art. The protocol 30 engine 42a, 42b
Weawpoéaes t he hardware and/ or software that iRgl/EsROM/GI0418

different transport protocols to provide transport

| ayer functionality for different protocols. [0014]

}Eﬁgyﬁioﬁ Q6@ pr61086 18 E FoRstaftedd fo‘iodb@@@%ih@@ﬁ mR§h dﬂ A8 same

pr

ocol rel ated operations or al rot oco
transpxpptaweze @s p&ot@cmlz cagiapttea ondifiarang poi@f tra@ipprt lelydrs. eE@th protocol

engfl o8, Bing PR B 1P Bt e b TN 553 5P transpor

layd?48h 0TI} tr@@bi €ayé2 DEHTESMB HRRGO 16y 468MRd alFiBRSERnhel Protocol
rotocol engine 42a or a different set of

trants%g g;@t?%df dpeiher, thegerhtasplbenginss 308 RYbreayspport e transport and
ner RYSE R S aBRhoh St e op B R TR ke e

betdv%‘ﬁhe RblblaySivR 8h) 38bs BRE, B8 ayethe 4quter Md&h‘?trbﬁ@ort layers 46a,
Channel Protocol 5 transport |ayer 46d. Further, the

46bpfen, 460 @ﬁtjﬁﬁ@gfowaﬁogebthﬁﬁwr% draasRork Ingerior dink derer. The
PHggg%ad@ w%&h @ﬁ&esﬁﬁ{@&lgghﬁ@a@ Ak 203 86X 30B8 300 may be

ed’ pro ayer 2 VHOerf aces
orghiftatEetd doser maork pbry evierd8eh S@Eﬂ)porﬁﬁhs a Bhghe/s AS alidress. The

router 40 and the transport |ayers 46a, 46b, 46c, d
Ol'tt EURASHEIMPIEBE PRAMSHUGE & Wﬁg%@g’r,eyfggqs e %ﬁ%%‘@é’c &né}égrfess
isbd zmér fer u% 0i efﬁY | ntga@vwe?&bccmﬁ%enta%e p1otocol e)glgmes

orres I'ng physica erfaces 3
42ap2blRay figther methde phe oonerovirtwel BB datess towineble ceamturﬁthﬁon

witlg%glﬁy%ﬁe%&{g? 2 a%d ' &2 Tﬁyg}% oarélégigg?rgﬁ é’k—ﬁ(e‘fchat connects
to 2ASHEOPE Y- ind¥e SAEE ﬁ§ﬁce GAARG 8% c2fYndl BeNt.| Dhftrdhg@sitddQo the

i dentify a device or conponent. The protocol engines
virtdgd @V Ripicadly does ndterced tregaitieoughe scrlalﬁtvfmralled torerpay

001588 i oS B 2T 5 e Pl PR tvers
46aPhb0, 1bAU68 ONREE tiferd & dr@ t@ﬁ%dﬂﬁlﬁ}\é&"ﬁ%ﬂt&%&&mﬂ{ eddi@ype of

devi ce, and not to an external HY. Data transnmitted

applieationdayey #83,48b, Wﬁ@mﬁm&patyondwg 5AotThaepplicapiogdeyer 50 may

r.al | c el
be syt Bineh 1287 RS Do pAETRL R hepkRRD R e end
useR! FoPE@lantd, MSIBY tradspyegyer 46ﬁand4lﬁbre demineiBdtocoh@CP)
there is one transport layer to interface with each

transggstlager 46 plerfaea wﬁh a4y applgeation Gryer 43 thenS iy ransport layer
| &
46 BP0 RSP AORLL AL RT Y TR0

and WM@SM@&&nﬂlﬁirv\nykr &wiriviecfasestwith h maangtmens &plﬂlcaﬁaﬁ layer 48c.
nst ance, the SSP transport | ager 46a and Fib

Fur@ﬁadm@is ¥t 4TS te@m@fn)gy 3¢ derspBed iny thg Byblicgon ninéwre?élen
< al a #l C€ 1no.
Tec}%&lggf /g'gﬁ't %ﬂ{ﬂ B Etﬁﬁﬁe&f §§ 6 (kﬁ?@ B\ﬁi i dggféfén

aces Wt dvanced
AN&IMHEE&& :(OQIASe;ampbem%OZ)n | ayer 48b, and the SWP

a or yer 46d_jnterfaces with a enen
lﬂo{a@p‘w Bty ygpse}ZazLé%b S5 Ry ShP Broteat gy G Bfstocol link
layetr§ %P RRLOGMy BE & sgﬁﬁﬁﬁ iRk B ERE 1RKEhYe 3k ARk lalg ﬁré){cocol 38a,

I'nf or mat 1 on nol ogy - AT Attachment wth
38b) $ce B 8ditoe caclGPYIRT AFuKTiER) eagl rotocsl engine é2a3¢2b may include one port

layer 44 for all ports including the PHY layers 32a, 32b...32n or may include a separate

instance of the port layer 44 for each port in which one or more PHY layers and the

corresponding physical interfaces are organized. Further details on the operations of the
7
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ANSI I NCI TS 361-2002 (Septenber, 2002). [0016] Al the
PHY | ayers 32a, 32b...32n may share the sane |ink
WO 20080644821 prot ocol link |ayers, or there nayP@EUS2004/040418
separate instance of each link layer and |ink Iayer
protocol 38a, 30 38b, 38c, 38d for each PHY. Further,
phy@i%ﬁlha?é’rof’ﬁsf%ly& %'ékzﬁort fa%@r RRMspoRClh earﬁfﬁ)plﬁ@&ﬁon layer and
l'ayer” 44 for ports 1 ncluding the PHY | ayers a,
cong®ients mplemenmg/such éat}{md@c&@u@@e arg ﬁQQIl@\hbTéle dﬁchnhl@gy

oG g TR et S0, Bl g avore

[OO%QPHH offbr 46un&\k}§ﬂ1eqﬁ&tabélsen§meg ey, apet@tdiemanehtetth@ny of the
2005/ 064482 PCT/ US2004/ 040418 &hhys. cal layer, PITY

PHY dgyers 334, ARb.| @ger Thedwetopeheagines fam dgbeommaitsate pasellel data to
{
the ?El% ggra :ggg ) Z%y g{% ggzgllcrlllolgggﬁx?g Izlel t%%ﬁﬂ%%hb%&of H)CJE)nvert the

parsRe dhthit€ 8driad Bath et t@rnﬁﬂﬂitte@ thrégghihelcogyspondiap Iphiyswal 1nterface 30a,

Attached SCSI (SAS)", referenced above. [0017] The
30by o3rer The aamwsbetq%n@f%%%ﬁo %%%‘.erétéh@;met &121510@ gr an

f I

1nte%ﬁéﬁ@#%x? anal etxgalﬂféy ] tirggfsdeizé{ Hg(% %@%1%5 @)a\?lg'@h érgféflPat 8-
trandaiiteedt f@omtalseuﬂabi‘dr irﬁtyaEdeeS’i&& att82ipting ﬁﬂmmmhmciite iwith thd earget

parallel -to-serial converters to convert the parallel

CVata to serial data for transmttal through the
M Wb Sfthe § 2389, tocoP 42b

O e SPGB a2 P P st i o2
havmg the] poraad wemspog leyetecanaharegp anoenissidng tamydtiplddRH X dayers 32a,

LRSI RON ENRE A e -
onl% g;g@(;ﬁg@ iy cﬁle"&gEﬁ‘ c&rﬁl%cttl(ﬁ{ z&eat tlméi eHb%verE@ QLBYs Wetdp Eﬁ@lced from

i bed enbodi nents of one rotoco
the tmgit e o2 apemt@mnettéon, Hp nrm@cpicﬂngmrﬂdax 42@r®pdnscohwe pigd

e RS MSRTAREULTD by AU S bR

latehékﬁdélﬁy%t i@P Hos&RS N 8SvidedaryifZh dsiblidba etineceHnd ag@igrbdiment
orie open connection at a'tinme. However, if delays are

provdpegieatnceidizetionp theeretasajsngion bardvidiehy dlbnviag eadrprotocol

el e o RE AT Bne A S SSMIFRg Mg, o

profobaltengiree #2£ ANBAAE bRyida ird¥Picd hak@peary baielvwlth thed the target
those target devices trying to establish a connection,

devipgi s Batibe taresitdevige BypeRipubisdawerthen theipselop)enamerida, 42b
0
R0 4 0% BRLRIBEASCHR ol bR A28 B 8860 cE

bet\ﬁwntcﬁffer%ﬁDPlHYS 0DASCHi.BR%. to Timagpmattiptotargtgi nes 42a,
and, physical interface have ]greater bandw dt h t han

0015?]eA]t1%1W1@6t011@ QEAPG engige fonkandieygu 1g}e9tg§ge§§efy{tggr reduces the
rur SRR 45 SHRFE 5GP DR HE Byl e
targetsgl nes 42a 42b may nul tiplex between different PHYsS

t | {s.
[0020] FIG % 1Ilustraters], op(e)ragoarg]sape?fonrrlflleé lbg the lgl-?{(qaeye?s 32a, 32b...32n and the

link layer 36 to open a connection with an initiating device, where the initiating device
may transmit using SAS, Fibre Channel, or some other storage interface (storage
interconnect architecture). The operation to establish the connection may occur after the
devices are discovered during identification and link initialization. In response to a reset

or power-on sequence, the PHY layer 32a, 32b may begin (at block 100) link initialization
8
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25 [0019] Al owi ng one protocol engine to handle

multiple targets further reduces the nunber of
WErwsoeds2 engi nes that need to be inpl enent ed RGI/URH04/040418

adaptor to support all the targets. [0020] FIG 3

illustrates operations perforned by the PHY | ayers

by é@&vmg%k mma%%n erhdifon, kudﬁlas paYBliveAGib@A @P@fiafor device at
connection wth anlnltlatlng eVICG V\,ﬁeret he

oneiphysicaltinterfactedlac 380b. 360mEIG: RhnE PHYSRyRy 33As2br. Binecoupled to

v SRR P98 260 390 PR A0 pgoion

to ehfife BN ORIk peftds a@ﬁ@lﬁ%lﬁefst fequechey. H@émﬁﬁerﬂfﬁlmems the PHY
di scovered during identification and Ii

layer r32a,| 3Rbi. 2341 mludq:shthf: e3)sbHEE 1q detectapd é@got%f#e ey fop different

B L

chaﬁ@th'skffé’so Qcﬁfh% Qlﬂﬁé’rexhﬂtytrahemgsi\on Rpedds akd/onirhnsalibsiat infrmation,
|nforrrat|on such %grlmtlves froman initiator

suckiavisdhe ease voibethp ST ThTAiene Etra Chaner) stomps interfaees( FihgPHY
1aye%)32a Tﬁ% é_%nﬂh@l)f ﬁétfﬂ%l&g{%s @fplock gg@ tﬁg g@h@g é%rfaéeh?sed for the

f 6C€1Vi ng physi ca ace or ns
trank@issionac kestablzsh thp eathecrdgn tihithi oay bd: detenmﬂnecbfroimathe trAssmission
i nk operates at the%?hest fre t\; In c%rtal
spegshih S HHBIS RIS S opiSRe aife?la@éav thoibiage Bietee qrdeen

cha%tliafe]rﬁﬁ‘&a&* thé Ir¥nshBsSIGE §6dh e@qgfoﬁﬁgl%ﬂ fﬁttﬁe ﬁ@a%l‘éf%f #he I“cransmlssmn

erent storage i nterfaces, where the different
formitafalgetranshessiag ete e @ TN fafyer 3, 32b forsaids<atdriock 106) the

infaloh % PRk r Sh RO B oA RES FRerie (LG
(SA\g/ggT%ng FFAS/BATATP nd Fi bre Channel storage

interfaces. The PI | ayer 32a, 32b...32n then
[OOblle]tIé(zmhm 108 ths! d@tﬂnnmd)stqrm mteoﬁaa‘geomph@ rfidcige el

prolgle e B BT B mertat v PR R RRRE LB

necéJsa@' UP{A BRck N8R pMHE $5h1RtiSP 8Elizek $heASAY Sicdb&A, t‘hbﬁ thedink layer
storage interface or from characteristics of the

36 proeassesi (esbloek 1 E)@h QREN fnmertadpisiming tha2A R drgganoriggrotogel to use

(e. gprﬁf’l? g@gsélg@”aﬁbggggﬁg}eﬂ)rowc% t ﬁ‘%ﬁgﬂ(‘:ﬁ P%g}e 1?%19611 fg%rded (at

blodkf 1) R@tHeRdrMitddS AS plotdcayBiik Ber 383 88H,i38¢, 38di (SBP, STP,SMP,
detected stor ag[;e interface to use 15 SAS/ SATA or

Fibrej GraanelReatesp)) to poogss] The gratocsl 15&4(1331@85)8%31?@ 38¢, 38d then
e RS TASHELD BREPEALSoLARE SPIPLIES I Roble T s pu

of tﬂeﬂt%beﬁé&ﬂcdﬁﬁedtwht e cagddction st hmaq&ﬁsausmg tHe QRIEN iitanek

108) the connection utilizes the SAS protocol then
betyerst g1 igkiatenpad targef noFiedus @gm(rgmlqu% ay i)ggman @pmRgetion is

s 5 B 3 SRS gl e e

PHOREM $ Afearpet pohtelf (bidrlueksd68 ahail 18)nhe storap4itetface doenplies with

det er m ned. SAS pr ot ocol |jnk |ayer 38a, 38
a pqinjsjo-poinip b hanpelgyratope] s thsa thessogpection)is ?%h%}sg%g@égﬁ’ck 120).
OthRRis® PP BRJcké | B¥Kar PVRY th38ForagBitterB8E compliesiWidlthe Fibre
Channel Arbitrated Loop protocol, then the Fibre Channel link layer 38d establishes (at

block 122) the open connection for all subsequent frames transmitted as part of
connection. The Fibre Channel link layer 38d may establish the connection using Fibre

Channel open primitives. Further details of the Fibre Channel Arbitrated Loop protocol
9
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establishes (at block 116) an open connection for all
subsequent franes transmtted as part of that opened
weandee8on. The connection nmust be opened usiBGI/URe04/040418
OPEN franme 25 between an initiator and target port
bef ore conmuni cati on may begin. A connection is
are 8&%1@94& ahed 8&)&; “QfGmafeh 'TQéﬂn'oﬁiggr- 6 hnh8EABARted Loop
Inftrator p one SAS target in the SAS
(FCtAL g%, hpwing. dobﬁm(:rzttnobANSléNC@BS a%it1998) the storage

ool S0kt Fbaetacryiods B8k A P8, i i il to
detdr@ineth®§torabe Rhterfald L MBIt stofageahiteh Qg kBat 1RBsaNdt difent

the storage interface conplies wth the Fibre 30
tran@néssioslinkspeedsander hawplifersnaismissinarcherpsterishese This

detegslgrpelaé %%egl?l e6%¥ wrts %ﬁlqtl%ihsg&llg% gé}ﬁvt%r#er a{%lpe l?rﬁi(la% t%&@e to

dete@ﬁur&asffl‘ilc@ fink ¢0RN B d@Nandliignspol peotédod piede tb Ieﬁlﬂabﬂlﬂmﬁé
38d may establish the connection_usi ng Fi bre_  Chann

conmyélnn,muphqas p S liggleyerarotgeslas-&s 38 3RS 40, pr hediin @annel

s SO0 SR 1250 VAIRUATHTR oty it

plocehﬁﬁg)td‘r[edﬂdm Technol ogy - Fibre Channel Arbltrat ed
FC-AL-2)", havi ng_docunent no.

(00283 ;ﬁ@ggglluqt@tﬁz @peWplhs Rriged by rlwgeuteﬁﬁ@ é‘hﬁlﬁ%ﬁ .Pemgcol engine
4zas{%r gg QY B r §@e?v @éen LeRR mocﬂ%@fmmnhmon

face rent St ge I nterfaces
frorh lﬂ*&tprbfoaﬁlslmli lagér 3$laf 3811r é&t 388, mhasanfmmeppadkeh krispieed stc., to

and/ or have di, ent ansrri ssion characteristi.cs.
establifiLa ERGF S APIOF L eD A TOBIET G 4 IITGY IES Fbipaanipef 2
prot\iﬁ&"@% %%%25 Og e er tHePETY @2@ r32§6 39 fdiRartifhg tﬂ@&@ﬂs‘%lﬁh‘i’on then
I C 1ayer protocol ‘and transport pr ot ocol
the tseert46 fes;trabi (a3 blackd 54 ctha tressnission suthh pasgoep] SASNE .4a¢<, 42b

s LB e T30 4P b B G e

41 &Ueghgtcﬁbxsldte Qﬁtassﬂ?%bétlgﬁ oflg PHY l%géir' an@l A{ﬁid)tf)éﬁreﬁgine ah@ if (at block

processing to handle. [0023] | ustrates
1560 ﬁermuoomi@fpm mxrsneﬁ‘aldaycomréles viithdhe 36 TdoorsEbeecEhamnel point-to-
en 4 4 s th
poifl R i ooty ARgeltar (b Pk T3 ERgnee P RE LBl e based
ond §e‘l’é§hbﬂ erifiiat feflas ldadkoalaayiak, B38ad robdh) etc3 8¢ (atIBstk 1903 hil
as a franme, packet, primtive, etc., to establish a

protooolresgines ﬂ6a,|4ﬁb (cgpabée eichendkng thg dp‘@gpg}edﬁ)g@p@ol@g[e busy, then fail

is 17 ovﬁi ga[% %I!%Z( @gi?%@ghég%&l at %Bg‘g Frg{lsqv\l}grgsg&ll Sp%k&ﬁe 48 eat block

1609 &?ﬁ%ﬂ&o‘& ghife 4681616b i§ Heilei] tBen ik protoval éh‘gnﬁeﬁ%ab h@lcis selected
the transmission to the protocol . engi ne 42a,

(at lalggle 6t useuor Fha (FRASTHSFIOT e At ERPSTHSSIgRaS f@m\ta&edttameeselected
at block 152) the router table 41 does not

pmt%%()l englen(ean associ ation of a PHY | ayer and protocol

[00241dif (et badudk 156) {trtprojocsliof tﬂe&ﬁ))médm)npecptest:c:dmmfes twhith the SAS or

transm ssion conplies with the SATA breighg {%e
Fibgsdihpnnelaidergied hoompioiese then e ipuiasd0slses (atadode] e oae
profoRbl diefekich o8 B8 BERH RS seRBEINE itbRa. U] alA8586168) all protocol
engines 46a, 46b capable of handling the determined protocol are busy, then the PHY

receiving the transmission is signaled that the connection request failed, and the PHY 32a,
32b...32n returns (at block 170) an OPEN reject command to the transmitting device.

Otherwise, if (at block 168) a protocol engine 46a, 46b is available, then an entry is added
10



10

15

20

25

30

on a selection criteria, such as | oad bal anci ng, round

robin, etc. If (at block 160) all protocol engines
wolgws/06ud82 capabl e of handling the determ ned pr@E/G$2004/040418
are busy, then fail is returned (at block 162) to the

device that sent a transm ssion. Oherwse, if (at
(at tﬁh&&h 2) 168k r8utef &bm' as88WGALIER tHORHYAMEh, i3h avah féieding the
en o e protocol engine 46a, 46b is sel ected 25 (at
traninission ¥64) ortecprateolf angirterbat 4Gbn SFHegenien4@ pignels éat block 174) the

pick T30 Sgis AEEEF ok Ll SRS G BEALP o roter 4

forv@e&ﬂ@@a@ bioeR 176 HanGRIEbA &Sthwlsélbctb@ﬁro&fkﬁl efiginé 464, d6b.
Channel Arbitrated Loop protocol en the router 40

[0025 | Additor(adly, @E@pkhqi@@? layigeS0 pragosebt cepscHen ieEansagh
1nf011%gt;1'lc§r§ olb a% ev1 Iﬁﬁlhl?llaatﬁ{gé}lg b h%lbl e%pf.lesQ gx]fangg ?& §ne protocol

en I'nes

engh@ndhi 400, bhﬁg ﬂﬁﬁ&falﬂn@ﬁ@ opEtheothler @eﬂ@mhg?‘ogchntcjmenwhére the
PHY receiving the transm ssion is sjgnaled that the
pro@gwr@gtne&ﬂa;@%mpwraam%wﬂ knyersiyas e39ngn conpgstion geages to

the f(} ; 4%%9 (dﬁ%ctqgg fiffic i]nzgghc@ﬁonqj":d\g Eﬁir?ﬁtﬁatg f ! g%)% %@8§HZ layer.

[00P6]HIOC S Iﬂlmte@ %pé@.&onﬂﬁdﬁfdr&eﬁma&b abimeor IZTE)anableelrdeN;ce driver
is added 10 WO 2005/ 064482 PCT/ US2004/ 040418 (.‘2k
2021 7%, 200 o spenpRRicde gEREIONI0 4duge] devich JhioHg Mgﬂﬁ 122, 12b
(F Ié.zg AL RIOVRHEN E‘Qdﬁér”% 204 rﬁﬁsméﬁlﬁﬂllfﬁﬂlﬁﬁnﬁ%n to 1n1tlate

pr ot ocol engi he 4 46b. "The touter 40 signals (at
conbhmﬁkatibﬁffb)lﬂt zheonriébfédkihube bheemlmp@tbloon292) information to a

t abl | shed, d the PHY EN
profogpkancioar 4t d6Vies Er a0k PesD A Breh MU PEsFRp o
selef&g Pﬁ)%c%? Flfﬁn@foq&sec The RALEE eﬁ?ﬁe 466860 %&Q@l?g’ﬁlhe transmission

I ona the application Tayer ‘50 may open a
fomardme:tblcmh 206) the dassmission b e rmttem#{) t16 (at bﬂ@ﬂkg%%) thevaretecol

v LR 0 35 0 S8 TR o g roco,

ther® ARBoRENSY sci@hEGE bREK Q@mm%zamgw e31heonnRétel @Sl target
engi ne 42a, 42b transport and port |ayers transnmit the

devme(dlrm}yrwcmdlmtly thraegh ere orgrpere .e&pﬁr@prsm atfabrg)facragsgassion

tial h
andchty P L S A8E SR Bl pPRE ORI G At YAl by e
devR@IdrREEeh, QUb 1200 iedapiOihe lr%nirﬂlsﬁﬂﬂw SA 8 oflBibire Ghdﬁﬂe\]/ Alrbltrated
20a, 20b, 20C to conmunicate information to a ta

Loage theadhe toutsudh selecta daiptenk 219xa PHYG32, BPles 32n)to ugg tOo?SE?é’iéSh
COHPH‘F%F%%? e%l'ﬁl% G%J,%X e({CVfC%%,’ﬂd %8(5) an gl%é{ fortﬁg ?dﬂt%lstable associating the

proﬁﬁﬂf@@r@cﬂﬁeﬂmﬁﬁr\ba‘rdﬁgﬁb ﬁgns(rmbswli mth t]i’é)s’b)edterﬂ Hﬂmo that the
a protocol engine 46a, 46b. A device drive %
md@eu@d pgﬁeoqiﬁygls@ ARG PYL#g vsseionEpBRuptsatiensd 70@8 ‘f%at AS or
e I
e OUATR ARRELOTLE WiEeeTlE PACLARRLOTHAI RS it o1
the Toben EPBSTNS B Mt tlmougmethe sal¢cted PIAY 326, wx 3ph tmthe mgm device.
he_ pr ot ocol sed by He devi ce er. 20a

10028 Bpvebed oped et ainefe P FB‘F&?&BPI?S it

different storage interfaces that communicate at different transmission speeds and/or

different transmission characteristics. In this way, a single adaptor 12 may provide
multiple connections for different storage interfaces (storage interconnect architectures)
that communicate using different transmission characteristics, such as transmitting at

different link speeds or including different protocol information in the transmissions. For
11
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then the router 40 selects (at block 208) a PHY 32a,
32b...32n connected to the target device (directly or

WO psoesd y t hrough one or nore expanders or aPGHELSA064040418
for transm ssion 20 and sends the transm ssion to the
selected PHY. If (at block 206) the protocol used by

: Bl :

B A e R e

storbpedevides onautelr or4@ovidbeibie sofeectiphoiok stRlagy davieetywBlRin, the same

2b..32n to use to establish comunication with the
CnCi0§¥ et devi ce and add an entry to the router table

0085SQA] AkhBY wWithhe BERFHBEPEMBAEMRELs4BBre rRbbd exily@nd s&ial to
[ ?ﬂe transrer%gss{i onevvith the sel ected PHY, so thg,;b the 25

parlleticoatesiorpbadwerothe G yersridaidp. A2rpari@aingparallel-to-serial

comuni cati ons thraough ,th SAS.0 Ribr e .
confRPE A 81 TS0 BHEE (720 PR BiscleG Ehentations
wher® iedxasndedts 1obA6Keddml tottheadipert, theRResliebro-E@ il esiversions

thr ougO the sel ected PHY 32a, 32b..32n to _the target

mayfes peréormefl 0@ crnmpaisate dgtaditamisticaraettiong ibthedauter (serial to

hoi for al ; ; : e
T L B ST o
adapto B 186 cOihespGemstha peliiedol 3Agift {sedaleotpatallal)s @estainadescribed

characteristics. In this way, a single daﬁtor 1§ may
embndémenie climinatq e Bebion BER PWEST GIVESTONE PEAtoWg thg parallel data

in :
o B RO B P09 AR P IS CAL KEF A Shme i
congvas@e Redishg o, nusibeh ofparhiieines sirid cogyeadionsdinkifoeresgonding PLL

i nk speeds or _incl udi Hg di ffer enEl r%tyog‘g%e
trackigEgPaHee? 612 AU PHETPRARSHIREPOEOdySH by fhggfeauency changes

4 %@&f& ﬁ*m i 4R h

pmgrr%gélggqﬁengﬁg%gﬂ eil(!n an esgc os%fteéatﬁ %eil{&félﬁgy g%ﬁ}ﬁect e%cplts%él%
additicnbl @neersgmer age devi ces on a rack or provides the

connections for storage devices within the sane

encl osure. [0028] Still further, with the described

enbodi ment g,c1biRE A dMicRe FHMHrAREVSRIIEPrdtdtols

paral | el conversion between the PHY Tayers 32a,
[002916F1G3 Bril lpstrafes rarstavgg gpencidsiuesl 200das ingi 2eplurabiynefenl eib dA2aand! 202b

. th r ot ocol i nes 42a w.thin t.he adaptor. In

in wiich Skl SRt AL By 65%ed heihirabd it Paf SRRt o fhovanle

dislEXh&T £3] mhghetib BaRUBKE Bive, tdpeBsseas, dpltied] disk; S&id @hte disk, etc.,
conversions nma tperfor nmed to comuni cate data from

be ]
may beinsentere o‘tliﬂmmgg polytthie slgs errshpwarany| numper ghslatsiray) be included

. fraomthe router.{n.the expan t .

in thq APiaer Ep P ER00 e SofEPERE Bl o AfafrBoRhag wigpone of he

phySRANGEf266% 20da! 1082 RHOL04K) 12065 gh BSadlgRdrieal08taf the enclosure 200
parallel). Certain described enbodinents elimnate .

thrqugh one efithestots 220?02 th eespedtyille rds Pakdlang campeifsfycitqyé board

. ral | el e e ' I

Bl ) B By TP L e SR Mt 252,

25260730 RtprisReite epate foheceivitipelic wbrapatait L3 atidmag be dklineated

conver si ons and. correspondi ng Pf_L tracking reduces,
by yplysicahsirusture oF perslatieia FUGheRP WALS; e Eice 4T BIRYtOREPrise a space

occlé%i%@ B? e, stgljag%%&éﬁsthgf Q‘Hdr gty bg’gg?f Eh&slérﬂ sfrﬁ%ug& or

nverters and may reduce [atency yS cause
boundaties. The physical interfaces 204a, 206a and 204b, 206b correspond to the physical

interfaces 30a, 30b...30n in the adaptor. For instance, if the storage unit 203 is capable of
mating with physical interface 204a, 204b, then the user may rotate the storage unit 203 to

allow the storage unit 203 to mate with that particular physical interface 204a, 204b. If the
12
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addi ti onal conversions. Enclosure Architecture

Supporting Multiple Protocols [0029] FIG 6
WO 2105864482 es a st orage encl osure 200 havi ng a RITUSA0D4/40418

of slots 202a and 202b 20 in which storage units 203

may be inserted. The storage unit may conprise a

S SHaheasit gabidiérfdeandesli2okb, Othbﬂ/&w user ma
stor} apqugggéf?iea%%o%tl calg&gll sﬁmsol id state disk, Y
rotamgae blerdgesiitt29a assamtbio Lifhdesress to msteswish oh wleealsmiéxmes 206a,

n unber of
2066 4p S5 P8V aGenele fe P Rlsd BrorfRe RS o RS B BBice,
mteff&ée% h\a&ré Bif@Rent Phydidse contptsativak, suoh s h difeser Qe dideidons,
and b, 206b on a backpl ane 208 of the encl osure 200
diff@sntt lnteofagm sigere ast diffgeent piwtigtepqppgect apapgen@dpect i vel y.
[003%(1 ﬁ?% & slct)a"rj}lrég 1n%nR£1#1 %%Z)g@l ntﬁsC Hle ph?fgﬁé\lﬂnte gég%gﬁ g.lrl]d §O6b may
be caf)aﬁbl@ btggess withe SSALTNSMyswﬁBﬁtBrfaaéﬁnﬁ thephy sisdsntetfeces

ace for rece ng the stora n 20
204end Aedh way b ﬁyéé%}ﬂ%féﬂl%ﬁllg il 4 e @kéﬁnegﬁﬁﬁ&éra %%f?ace In this
wayoéésg H%lg%gwgbﬁf 20 ?lgxﬁrgsgnéﬁﬁt’?ﬁ Wltg E%é@%ra?@{ﬁgf h%x?n%gl}?féﬁ%? interfaces
haviﬁ% cﬁff&reﬁﬂl Iplﬁiltsﬁ:alf comfipuationse §208 insBthcbaifi gzdagﬂtorg%e uih203 interface
physi cal interfaces
wasclspigaepinijug gite ﬁé%égfgdm@rfg% 2@%@%&8‘% éva?u?cg@éaate thegitorage
umtI 2r@)3tt5' Fr’nt ch%txﬁih th'é?)ﬁ#l% ﬁlﬂ@ﬁﬁ‘oe bk, tZU@a 3PP Ragg that IntedBe,

g with physicdal i'nterface 204a,
whezéhfshf thb lseomagehiatevfaes waa@esrgnedtt@pltugentgta@b@éﬂmncl in@8face then

allo e st e uni t.
the ey ol ottt it AP B TBieith ks bR ripg ehysicthe
1nte?f99€5/e%6%%g PCT/ US2004/ 040418 st or age unit 203 is
abl€ of mating with physical interface 206a, 206b,
[0031]eIn cetiginiesehodinegnts, thst iorege Wit 29omay enthrdetomgne physical

i BRRE bt RSTRRR L R d fheblse

[0032) i, QQH§st1faQ=Is afi le@{bd@RndAR bt the\WRASRcRRYSH tB@backplane 258 of a
i nterfaces have different Bhy3| cal confi ?ur ations

storggeénciasuee 20 peahersenelpgue dDdreiaxingrisultipleqis 25emesob, 252
(thrge %rgﬁ gﬁ@hlf’ulg %ne(fr% 8%&%6& rfagl %r (gavr%gtéedj %ﬂérgrgrﬁfﬁl'fﬁﬁ{as two physical

inteSABRAI 5381 5%a, 2918, @mbmzszad 256tt eThasissicaDitterfanek 274602 Fviby 254c
be capable of mating with a SATA/ SAS physi cal
and|2r56@,r Sébe2%ﬁ¢dnwﬂéavs%}f&reﬁlphmf&@rcpaﬁg%rat@ms Eadtye sagnsions

and. pn%( %%f%?[ ! E) s%;)gmﬁfffegen\@ﬁsfo &% 1Eﬂchroﬁn%gfmﬁ sdgal

way a Sin

SA’BMS)NS aﬂiﬂiFibregCh\armhl t Aa e&pmchg 26 on thei‘mvkplgnqﬂﬁﬂshas ahultiple
i nterfaces 10 h chr fferen

eXPBBR PR AI2BrRIIOF B b sneaider IR EOgh JO2beP Phimavss
orgénﬂ%eecf fCbhe M@ﬁorg ftQ R &cﬁlpg& it MR d RABARAR or more PHYS.

ace, then e ‘user woul'd rotate the storage
Further ton2 @3 Y 062a)262H, 9)6@0 may fre cheplpdh yeséachipair of physiesé interfaces

T G N B L N

266 LRREE fol bR B Pnyl%%za, 262b, 262¢ to destination PHY's 264a, 264b,

264c from where the information is forwarded to an end device directly or through
additional expanders. FIG. 7 shows the destination PHY's 264a, 264b, 264c connecting

directly to the physical interfaces on an adaptor 280 in server 282.
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the user would rotate the storage unit 203 to

interface with the supporting physical 15 interface,
W@295/064a86a. [ 0031] In certain enbodi nents, tHRCEBUS004E0418

unit 203 may include only one physical interface to

mate wi th one physical interface, e.g., 204a, 206a in

[Oﬂﬁmbn géﬂ?&in eﬁrb?dinﬁ%%z% ulfi @83 ebnrdekter 2664, 12666 T6wk @&te@s from the
enbodi ment” of t

e architecture of the backplane 258 of
physical stiterfaggefoe padhd¥iiY €624 262, R6RC 4z ommed the alots 2638, 252b, 252¢,

havi l'tiple s]ots 252a 2 2 20 (t.hree ar
Whe%?ﬂ)?/ﬁ,%ng&l” ltlﬁifoﬁ ng%ﬁeg%qboég%eﬁ)@ B%ﬁ‘i oeoréea(’?ﬁhe
inteSthQ¥s 2825 A568: BABS L and TH4R] 2 e fespabidely2 Rbile sRRHB2a, 252D,

256b, 254c, 256c. The physical interfacés 254a, 254b,

2528 5dspectavedy. 28 6ayltid®pron2Eey comprisesacuimhficaiinn e /witk gultiple

configuratiaops, e.qg.. size dinensi d_pj
acecs Poienartedne perestisiud pEiP T En Ay Bpcagepdthts. eiched path
accdsS hEIEOBIRETh (1§ GAY e il B&rop @ofnector PAIVAIEARe Bhgkidal boinection
Channel. An expander 260 on_ the backpl ane 258 has

to diffetrerit phisiod inierfaged én owe-plet, wborg tho diffremt physicafjterfaces may
havcg ﬁgf%ge%% E?B}Esglgag gfrgétl%io\&% gﬁ@ pin Qﬁaﬁ%%?%(ntgeTo %(Q)%hgﬂi}q% Hlﬁgegeélt

ere-eac I's”assi gned

phy§16& iderfagysSthPiYgtidropdbhteetor 268w 2BBYY, 2582 serniZfiatbns idfddes
__may be coupled to each pair, of 2g%ysi cal interfaces i
differsatzphysisal-conpecters forgainguil thexigrenistarage dergpnnegbphysical

) L2 ' ) ) .

i e e S AR

driva’,HM§er%g4g 1he2566&2528,§25§6,4252& ragdmmina{te fhigeicalnfierfoed 2%k, 250a,
orwarded to an_en vice direc r._thraough .

254 diopT i > ShepaRsaRdHasepEOTICCkiin A, HESIADF i cgrprise cable

"rpg‘ﬁg‘%@g g?a%gfl a%@ﬁﬁbgé}@nectl ng directly to the

sica n ces on an adaptor 280 in server 282.
[00343 PIG. 20I0GhAG4 48R pRETHitUIBRIN0 40 @4pxLIer POY33]0, buchcasrekparnder

BT LTS e LB e
laye\%g 8%t0 pEERm FTYOpeRHORE afd 2 PREY BhPla5e SR, AddiBOnalkDée PHY

ere each end on the nultidrop connector 266a, 266b,
laye? 662 niay pediophédle ereraives désctihed withtresptetde sheoBAY lapsgdla,

254D,. b, and 254c, 256c¢c, respectl Yl 0 TN
320058 in 54502 V05 SR jopS ARAep YRR T Kiour¢ T Byl PifY Tayer
302 GRAYB6MAE tHeQUAPALI RS0 AcRONFANRIMERIoOnURatac Reistiést for Biffekdnp herdware
access points, where the access points may conprise

intetfadsisel. acsiersge pueraenneciareltitegtuses b g, 2OHS4 TPof Hhirg Channel, etc.,

l.n this way..one [tidr r [
v e S D TSRS
linki 18y @362 Sib&t thatihiRatidittodictdse ferddpily of thaltarget worhgeésice of

may have different physical dinmensions and pi

the ERISEGRALIN S locThe SERURROBY SORmIoe terbe EEHyBPeaThis
a8 B YR IR 5 Bife 88 Bep i rom
différeht iape thistéihethecldiebfvessaningtdiffagat tradseristmngetacteristics.
[00?5? yfﬁece?(pander may further include a router to route a transmission from one PHY
to another PHY connecting to the target device or path to the target device. The expander
router may further maintain a router table that associates PHY's with the address of the
devices to which they are attached, so a transmission received on one PHY directed to an

end device is routed to the PHY associated with that end device.

14



10

15

20

25

30

interfaces e.g., SAS/ SATA, Fibre Channel, that may be
on the storage unit 203, e.g., disk drive, inserted
WO pooshet48] ot 252a, 252b, 252c and mated to phyRITES2004/040418
i nterface 254a, 256a, 254b, 256b, 254c, 256c¢c. The
mul ti drop connectors 266a, 266b, 266c may conpri se
[oof%hgﬁf resgﬁéct% FR@W%@&&B@Q 280 i12thB bR ELTB L ink ¢ Mdud2qRs shme

| Ustrat es conponents wt hi n” an

arcmwmamrth@&d@mmz isHKh ?agw&»qg@wf@é ﬁXp%dvs%@tszrombengme

42a2% a%lﬁt(sedf% %’?’ 8%%;%?5 %(?S?%b Sl %:t::gn %1% e%@ﬁgﬂ?ts of FIGs.
?dl and51Y The Ry ER0 r88dvesAdtli ﬂrdrﬁlﬂiﬁ dxpanddre 6Bl thel styrge
2 'may performthe operations described with respect

enchoeurt: 260 PH\COInaW_tm 299 and iendopvard Suafransmpssin tp opg @§ ghe protocol

oSS855 TR ISR, e R P s
284t bA s GeBieer @ﬂapiblﬁl@&h%i t@inkectgo b@lﬁffdb]f\tf storagd elvddstvedrel each
i nterfaces, i orgé i nt er connect rczifg tect ures,

destinagion PERGAGIRT AGA 26t on CheabsKPIAG.£8S exDagfies KGR b cotpled to a
i B 030 o S onla gl e

encloBiires At 4 Storce eAcloans td tumnecido dferaft sedverst ar get
e device of 25 the transm ssion ,to SEI ect

{
(00 Sﬁﬁg&e fesqybedphaditents. S1pge YiEgRCh g8 K Lriven aving
dift gﬁ éggqggéetfbgﬁmfeﬁacés ttﬁg@#ﬁ:ﬁ WAHRYS 1l d QWS 5341 @ 581 PBRE EIIG. 7)

ata trans rom different Storage
on thebaukplne 68 baretatib@theloriestatiaw ditge diok-dgeremt assembly when

transm SSI on characteri CS. 0035] ., The ex may .
inseriing e storage| W 4hg ok eFfuﬁﬁisr Wﬁd@maf%i% Qs Bﬁ%ﬂ“ﬂ%ﬁ’sm
frorg i B%Wplaﬁé&%‘% RlierPf usRp '&ﬁ?& bftGidrled MeréHndtarchitectures,

evi ce or o the target device. The expander 30
suclt amsAS/SmigA fmd Floee Charined, diynncludiog thercomgioinents laad performing the

associ at e HYs wi.th the, a e vices to
opegpenderabedaove e OIHEETE 20k AndS. JAHsSE, §gle
stor@ftEerRIéutll 7RGhBHall By 8t us€BflsteR) ge G8itd, §udlpastcﬁsk doves Newving
TY associated with that end device.

differe05t 0B ge BrerfCTy, US2 @tmag@mmwn{lmgwpltwmws,r\@glpééfer% physical

T TR e T

adaptof D8FhmibexpaRdc 0O e el Sblcrntt th’cl@;bl@@@lbotﬁ REppetingRasage
42b architecture that operates as described wth

interaonpedt brahgeethies davia difbens tepsimseign charactoristigs, aug., Hpjgspeed
The ad
e e

sloth E\t@fhgfe phyeled ifitbeades d@lSdIfmenMOMQe anecafnethachiteatwenk.g., Fibre
i nes 288a, 288b in the manner descri bed above. Each
Ch@ﬁ?sﬁ@(SAMerface 284a 284b, 284c on the server

[oofﬂaﬁ%"@ iR fR% FAREEGHL 5 &cﬁdﬁ%@%e@éé}(fﬂgglh 312b and

osdre an st i nat1on da, 264b, 264 on
storbfeervhaskipds 81 da, 238b e Omisnihar of26¢h amt)shbwn,(:lnu phe dutberacapable of

di fferent, serve ther al | ovm i f server.s
beingaceammodated by thg laypite gﬁ{ Q@@ax %f? re[’éihla%alﬂﬂe each
servik 912091 80& REHEFed B LONREREe Eﬁ’clgéufré SIRNB I ML VR forage
enclosures 312a, 312b may include a backplane 258 as described with respect to FIGs. 6

and 7, and each server 312a, 312b may include an adaptor 280 as described with respect to
FIGs. 2 and 7 to support storage units using different storage interconnect architectures

that require different physical interfaces and have different transmission characteristics.
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[0037] Wth the described enbodi nents, storage units,
such as disk drives, having different connection
WO p0806é4482s may be inserted within the slots 25ZBUS2004/040418
252b, 252c (FIG 7) on the backpl ane 258 by rotating
the orientation of the storage unit assenbly when
Each gt%? deleRGIokilE afid rdtamaiiinkude niI€pIe h@iptolFuakdderalloWter
aptor 280 may support” transmi ssions 15 fromthe
addmmnmpbammUDﬁs expander 260 using different storage

ooy SRRkt B RA oR i ROR A by e

subRBRAEQ TP tH«Qad ﬁ)r 289@‘1& FI(B ONSonleaed tdxad s@bdgé%nwlot;lhre 250 Adaptor
respect to 4, and 5. In this way, a | e

320311@u@ﬂ@@ rémhwfrp@ﬁg 5@2 nvalyergm@vporfdnclué@s & %tl)@ﬁraé’ s 324, and
G:rja%ateciﬁgiﬁgggél ﬁas eg P % 1499 3 P gr 32%' z{ndq{l tents‘]%I%{o%gFlink

age in erc nnect arc tec ures

layei, lehy. Cinf S8 @K 1apé°rmog ad;TPZan ratye[rmbgsm)rlmglamfm@c, and a Fibre
di fferent dinension pi n arrangepents

Chogad Ryptopoldinkdangs53pd.2d0 a0 3@%{?&]’1@@ PEDGONShatnqe sharé a link
layer E?b gﬁc&l Ihe g@?lc]%?%e Ce?% hggp RngHQ%(e?P%@g‘?bre Channel Protocol

connec it €S aV|ng eré
334b rmm@bﬂmaﬁh asza;gmn SME waspert ryer 334k SheBHY lapet 326 and

a format, allows foQr_ co cation with an
i,

ks 398 inethe spbeEncs of FG- RS fteOPORIgREOLbg PERElavers
32a%' zgrlc tﬂd{\ﬁergg ltl?é‘r%% afsgf %(ﬁiibfefl gﬁfﬁ% gﬁ%gtlroqggs& IS%] tgi_%_,cﬁﬂinﬁp% detect

the frox38§sidt &Eare&tarishcssarrdadoe&spomltr@sm@'ege atdrc@bect architediumg
mount ed servers 312a, 312b and e encl osur

thergirgm ang P&%theé%reytegwpr%e @?&WH&PC& a§ R%%f”f%tatpr%%ﬁs ﬁ?ﬁm‘élfet and

detecfﬁ‘lﬂ‘%bchg hﬁ% y@x%ﬂﬂ)g@? %WB?@ Syipt Pﬁ)ré @M&’dﬂel Plotbd¥ to use.

e’inclu IS exanpl e, each server
Howd2a, in ﬂihZflmb(Ehmerrtrerﬂ@dZ toulgplePTEY dﬂyagsen emdtiplspoets may share

314 Th t 30 |
TN T T T T
PHY h&Sits Swn HAR [oker AtFeRLAPOrtIAE HEbwa béd laydt dRd ﬁﬁﬁsﬁo%hﬁ?

an adaptor 280 as described with respect to
theraldpioviding ghopior tedyndanay ef comhpenentsi dge &T&"fr@p@ﬁ@l @m@ﬂ@g@es
SAt&terconnect architectures that require different
ysical interfaces and have different transm ssion

(004013 BE4cBibES bmB&dimbhts WbV AO brcBRtAE2s RGIIWS2 8841 dBdBinterface

Each storage enclosure and server may. include nultiple
to baasgst terinterfrepswith devireswsingrdiffergat tosadinteéieaed e shpsage

. 0039

1nte£c‘fongﬁét ar (5’211 %tlrlr%§2‘{sllletlil§ gérﬁé 8?%1@&0?%%{1@?1‘3 e\ég,lsg hﬁ%ﬂh non-

oveﬁﬁﬂﬂﬁ@ﬁnﬁ?&edﬁ 'F}llﬁov&c@rﬁémme tigghtion viteee Sbmghwaptor/con’uoller
encl osure 250. Adaptor 5 320 includes. a plur

suclha SAS dpyice, ABPel WRBAIT BoFALCiHEIcaRRest BBt iuLs al@‘f lefefent

R e

mayen®.suppuit HSFitre Whahief énted@@decHIEP shébnda ddapier c&ﬁﬁ)lb detect data
SNIP |1 nk |ayer 330c, and _a Fi bre . Channel Protocol

transmified usipgrthe Bhge Chennehayisriage éstorag? infyEonmIgtisarpiftachie) and thus
canR&rIBacﬂlﬂ@El@ce@seJrﬂr BKvers in the operating system to support Fibre Channel.

Additional Embodiment Details

[0041] The described embodiments may be implemented as a method, apparatus or article

of manufacture using programming and/or engineering techniques to produce software,
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| ayer 332 and the transport |ayers, e.g., SSP

transport |ayer 334a, Fibre Channel Protocol 10 334b,
WEIPsveassport | ayer 334c, and SMP transport |BYEUS2004/040418

334d. The PHY layer 326 and link |layer 328 in the

enbodi nent of FIG 10 performnms the operations of the

a 2%

O i TR T N 7
Clr@lﬁ:ﬂrﬁ?bms usthbeteimaefms i dete arashmet erdesrlogic pplemented in hardware

di Al
logic o ot GHRERRIEE GO, PP B0 S BHO Or Bgab PG Rpeligation
Spe@lﬁ@ 'i‘ﬁtEgr%EeHr(ﬁréJﬁ (ASPCE %ﬁ: )t(h% doafeer reéddidblt melieiraf fich@s magnetic
' ayer protocol SSP, STP, SMP, Fibre

storageamertim e gt, el distodnies, 1l pﬂdvdésl@r, tapenete heonsienlotienagm (CD-

o Tt TSP Bl o
ROMEK}Q(@MSV\RQWDRM fBRzQNISOﬂtrﬂWEHe plﬁ)gﬁlnfﬁlablé)logﬁﬁet’c) Code in

has its own link |ayer and each port has its. ow
the gramputéragadableraedivans proessel 4@ ﬁ&ecutqdrwraewycw@fv i Wheiyythe code

orl rlcglglte%écuéecgl&r %ﬁ#&é{ssﬁ% 61%6 {ﬁ%ﬁ&%ﬂlldge nfge gﬁé?ltuﬁﬁ Mg the

codPbON6biders IetiisttRe proc@sort thatadxleovethsicodsd Badetbfpdmrthe medium. The
interface to be used to |nterface W th (bces usf) %hr
codejinfwhick nreferest agodimenss prgdey!emented may &rg@é e accessible through
a tran 1%1‘1:"53 ANNEEs oraﬁ(‘gﬂ:,atfﬂg LYLESov W%Eﬁvoﬁﬁnﬁ Qfcntch&sshe %f"t&?e of
aces use different and non- overlapping 1ink

man%%e,ds in Whica tlma/mdewmmleﬂnentsd tnagtcnmprmdne trenamissiong lredia, such
adapt or/ controller, 25 such a, SAS

as 29 PYSK{raseBisEgR lhivsilem e OR mat Sieba® plosk ehiaghrough
spac%' Iad?cf SWes, IAARIT 33108 cC HRLAGRE*dr8dlb 68 maftaBuAS” iy comprise

case where an adaptor supporting SAS/ SATA may not
the medmnrﬂn wiiieh fielwode Srearhodiedi M detiticradly pbe Suticlenfmhpnafacture”

adapt or cannot .detect data smtted
s RAGARBIIat t & FHOY S corgr AR B REB R v ieh the code i
embgﬁfea' él%@és‘é&?)an@%chféﬁs 07300k, thoRdkiIRE if BReasS®IVrecognize that
rivers in the operating systemto support Fibre

man@haodifibatiod® nMdJennamab tiEsrbordfi gveaitonDetcethpisth aiclq ofm@mfacture

descri bed e as a net hod,
May(RRTse 48y b‘ﬂb ﬁ?attﬁoglbgam?ﬁ X‘ﬁ‘&%ﬁ’f@gmngl%e ?Iﬁg pr ogr amm ng
[0042) 4 R1iti ARAY AL bkt dbe PRIV s sepriofocp! @itees nsdyf Benatptemdified in
2005/ 064482 PCT/ U52004/ 040418 firmnvare, hardware,

one or many integnisEd eir¢udts ontke edsptor ph en tha mothgrhored. e of

T e R T L

r&&?\ﬁérﬁs (s8clfas th@@xpdﬁﬂ@gindtlﬁdtocd)lreﬁ}lgirks chi giterBriog irapieaieh@tions,
Array (PGA), Application Specific Inte rate

layegs meyibe 1r(1plsm@)1tedem & manger (hff@@ﬁb‘ihlﬁ’é phavan gy iBstasgi Uigylink layer
and lnlf{\}a ﬁ%&%ﬁ ﬁl%}( g?( ﬁ‘ﬁﬁ@@gﬁtem hUtH§ él%g(g:oli glggqﬁ%tdg'rtgg}éort layer

may Ka:lmplemented in the expander.

[0044] In the described embodiments, the protocol engines each support multiple transport
protocols. In alternative embodiments, the protocol engines may support different
transport protocols, so the expander 40 would direct communications for a particular
protocol to that protocol supporting the determined protocol.

[0045] In the described embodiments, transmitted information is received at an adaptor

card from a remote device over a connection. In alternative embodiments, the transmitted
17
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30

ROVs, optical disks, etc.), volatile and non-volatile
menory devices (e.g., EEPROMs, ROV, PROMVs, RAMS,
WORAMIG44BRANME, firmaare, programabl e | ogic, eRET/YS2004/040418
Code in the conputer readable nmediumis accessed and
executed by a processor. Wien the code or logic is
and fEERLH g&kom{at?o 0GRS Yy: the BendpobiGH#blobdl 1w lodl devied ddeer may be
the ne |um|n(1:11 uding the 10 code or logic as well as
recetvied famo e sgsoate phaesseoreewiingdn thessamsdempiial dal whichhe Hevice
. medium Th ode .i.n which preferred enbodi nents are
d”VPrr%detF?é‘ﬁP@gP‘f?g‘ipof fHYHEF B accessi bl e through a

[0046] 2T$ Bire:sh ARpIEREh[@LiOHs, fHe@idvRe diiver Sfimearo@\w@iptar embodiments
network. I n such cases, the article of nanufacture in

mayvire ioblutlbbincoetenpuser sirprayiaeli diag gejoregmenniigler such as a SCSI,

transm ssi di e 1.SSJ
L T e P
nondvdIBUIE: ISiatslp 8&eagerddice, svaly esa nmiaghetir disk diigy)sdps, meelia; optical
~ Thus, the "article of manufacture" ma¥ conprjse the
diskpretdi dmakternglinedmplenecnsasions. the BEHYSHET edpploa DO ERRAtY Jay be

..t Llart f f. . i )
b G BT RRIOAL ionPY ORI 8 s
switohésch the code is enbodi ed, processed, and executed.

course, those skilled in the art will recognize

O .
[0047 atIn aexaip implFmRenEations Hae AP anaYaRfe Qg apicdo transmiit data across
a cab R oL Akt ’foafkg)r@&gth% Q@ﬁ%&ﬁ 9n ?Eltﬂ'léi"! ettRbirBRY Hacdddpfor 4ty be
may conprise any 1 nfor d k

tion bearing medi um known in
confi@edd trafsfiti@ita Actdistdtared iphths onheprangbeiteit, bortdysAlianatively,
protocol  engi nes be. i enented j one or . nore
the Fdspisg eRORMO BPY B ST ATON PR el nétwork or
confi®4iBggr board. [0043] In the described enbodi nents,
ayers were shown as operating within specific
[0048]) rTp desmibsd esbotingnts; the storpmidterfagersuppotestnl the agintes.

IR LA AT 01 B8 I AV e
inteffﬁ@és@ﬂalﬁﬁbe @ﬁoﬁé&] kAth‘i:iM&{al@mﬁe'aHﬁ}koi A EdespRBEBHupdTElg

be 1 mpl'emented wt he protocol engines or the

t
ceﬂhiaymsporayYOBEOISnpgeﬁSgR;tF@@reiGhafm@ PéQtpg@{dng?, '({nd(ﬁMF.o irhfurther

. he scribed. enbadi nen [

impleisaR e Preroraasre 2ol Bafg SORPERERRD

tranSRSIn I RithShe blipoRe@btompt itagideesTHByipSorpRistdrage interfaces may
different 30 transport protocols, so the expander 40

trangmifluging diFerentioansussioa dhavasteristicsac-gadiffaentdmk speess a8

.10 tha ot-ocol. ' ef-er:m n :

airpptaplochl i8R il HRERISH o1 Y FafFAEE PRaRE AhGFRYsical

intetfAtrhmt hor diferepiohyviesl @hfigmratoiaypi.ef theaamdgémanhaad number of
renot e devi ce over a connect itgg In alternative

pinssarsorherabysicaliperaonBFeior Ve th diffsrons supRRSIFdiprage interconnect
> [ ' i nformati on processed

arclgt)%&ugég%&rg;d[hfg%gr?tgp%zgg%gégﬁﬂré@%}& or device driver my

[005% Tircshptet 12 haybe ispleartcated qoraoeewsrkeoaed, sticngs d Periftheral

same conputer | ich the deyic . .
Component Inrtrgconnect &CI card or some other I?O card, or on integrated circuit

components mounted on a system motherboard or backplane.

[0050] In described embodiments, the interfaces in the slot extend along the vertical
length of the slot and are in a parallel orientation with respect to each other. In alternative
embodiments, the two interfaces may be oriented in different ways with respect to each

other and the slot depending on the corresponding interface on the storage unit assembly.
18
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driver and transport protocol driver execute. [0046]
In certain inplenentations, the device driver and
Wozadoe4sadapt or enbodi ments 5 may be i ncl udeRCT/HS2804/040418
conmput er systemincluding a storage controller, such
as a SCSI, Redundant Array of |ndependent D sk
FurtilgiAirPqult%r{%li 1?19&% 1@ 1J)I€srm01te|%ﬁ'atn alaiﬁféﬁﬁa%estrﬁa}abe included
non-vol ati atil e storage device, such as a
in thm@me“bn the diffdcemtriratecolt atg@orte@bwhecﬁ]ﬂapwal di sk, etc.

oo B TaReaed ot bR FCR Ot S Ahy SR AT s FURBL i geonan
ordér ngj &'l@e?nﬁlv%te%lﬂﬂﬁn&fw tceRhih Vperafibii map bé 9&1&"@&1{&% Eﬁlﬂé}ént

0 swtches. [0047] I'n certain inplenmentations,
ordaldmpdlrﬁled nayerwedo pMorgervescopetationameiibe addedtodbe @lsoye dﬁscrlbed

log1cabg5)6tflﬁ% ect gia%%ﬁsé ngdlglggts %%ﬁe%{lo d;ﬂ{ofng' rdEsQ?'Bed herein

ma}I mﬁl‘o‘é@qhe&ﬁaq@ o@féé@aﬁﬁ optrahieh 1hat besprobessedin pairaltt]. CYetﬂllrﬂher
board. ‘Alternatively, the adaptor enbodi nents my

operatinfs way bel persomnredrhsid singla PrEOCETEIS Wnitpirky Egtelb H@fl\m%swg
t15 connection. [0048] In described enbodi nents, the
Ut orage i nterfaces supported by the adaptors

[0032) "G S B 1 AT Aves SAS@Iedritdtion cﬁ]maimlnqiuterlarc}ﬂtdchuta 400e0f the
enbodi nents, other stora i nterfaces

storggpgmv@}qsws Al e AFIGE, DR Sadthin BPRETY b a8 may dneiue o

roQUBFIOLLER, 4G AT QR PLOLREE! o3y v

andlsfmzhgenﬁ)ﬁt(atgl ansn-toeilastapizes sunimys mﬂgmmmdmiddiu\telsmmical disk
transport prot 0£I s used for transm ssions

drives 3iae &dves e§radleisiragerdaay cRRRTSE ApdhteRg! gp@gg&nge oran
atta&l‘géa%ﬁ"fn@ﬁﬁﬁk g@é’essﬂ)fe%’fb?ﬁ%et P%%IQ&S Ghh f}fees'fcﬁﬁée 46@9&@ 'IGa%l%d &to the

racteristics, ferent |ink speeds and
mertloryf4éd ent emcmnt@ﬂm the pfmemsat #&hini sohurebe étnwwn fin theeart. The

t.ransm ssion.. Furthe t he rfac
arcsgurer et BRBCP Yo reRior Bo ey T aosR e e el Y. 1.7 o
enabikla ?& 2) 1rﬁ'agnﬂ@ém9§5v1tﬁfan%ﬁd BkvVi8e, 306h é%tzh@ll%k BRYShsaibly. As
i nterconnectors, when the different supported storage

discustedy ceotaimeattthe deibastreast have snultiple diettask epnds pﬁ@éﬁ]@‘&ldevwe 410 is

onfi guratians 9] The apt.or 12
usef fomaRiBR Ry BRI RRER 8 4D gaany DTRY pdfy g gpouses pen
styl&0 FREeRBRénd, RiRh Gadaet di¢gid §cré‘eﬂr 6k iy cﬁmcﬁtldlﬁih drfifut
card, or on integrated circuit conponents mounted on

mechagiyaitlaarmon e 46 afdl ogipubERKIA HiAds ca@bleo@geql qrpg information
o SRR SRRSO ARSeh B B i

storbfe, dtcpar al | el orientation with respect to each other.
In alternative enbodinments, the two interfaces

[005% diederegpingides@msion ofggriougienbod gkt iasthser a@%ent%%/ F%rthe
i Ry 0B 000 o SRR Rk i

embodiments to the precise form disclosed. Many modifications and variations are

possible in light of the above teaching
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PCT/ US2004/ 040418 Further, in additional

i npl ementati ons nore than two physical interfaces may
whzoosmeHstded in the slot for the different prRAETGESA084/040418

supported by the adaptor. [0051] The illustrated | ogic

of FIGs. 3, 4, and 5 show certain events occurring in
wHATSR¢RAMEPder . In alternative embodi ments, certain
—operations nay be perforned in a different 5 order,

nodi f i ed\ siprage roalesire Kyrislevfaging v sErfEHHEIFagorpRIiSRE e d

to the gbove described logic and still conformto the

de 8PP %enbodi nents. Further, operations described

hengjelst oAB Y0P GEME sfoRsiéadbiolire Yookecd @i @ne swpfiealni) asd

may be processed in parallel. Yet further oper ati ons

maywbehpued drtenfeces gn shesbaskplangfos ableastpge slot wegreigypne storage

.di strjbut.ed processi LS. : ] :

ity Fpab B4 BEmE 8RR Cocht B! Srndhf viBliper Bl tvolphysica
inteAhGRIf6HE HoE wHieinbadihshyshldn@glcenpposuddferandiorage
~ servers in FIGs. 6 and 8. The architecture 400 may
intefcaahastiarchiteqiité®essor 402 (e.g., a microprocessor), a

menory 404 (e.g., a volatile nenory device), and

storage 406 (e.g., a non-volatile storage, such as

magnet i Thisgdtagh énctsureaficiaiml 1, dihstein theidifsrenizstorapeinterconnect

drive, etc.). Th tor 406 i nt I
srchSlee S SuRSHE BYGRe B SBT N HORERS e N R TS| b ¢

"chalféhtgfﬁ%:s" Prograns in the storage 406 are | oaded into

menory 404 and executed by the processor 402 in a
manner known in the art. The architecture further
i ncl udes _an adapto

i b b ith r. t .
I G e GG e ATk STGRTN e AR E T e n the
slot?ﬂa\%']ﬁffgrgﬂﬂ }ﬁ‘gsio&‘&ﬁﬁ%ﬁraﬁogéﬁk drive assenbly. As
d ed, cértain o

I SCUSS the devices may have nultiple
network cards. An input device 410 is 20 used to

provide yser input to t rocessar . 4 . \

i nél ude 1e}§é‘3f5%£‘?r&,los%eu§:1,’ %&SW}H ﬁjg)ﬂhﬁgl,gal rlﬁ?tg&%%%? ach extend
alote QUG SE gt ¥Bthe sRPhy 218 PaREs] to@bclasdient her

activation or input nechanismknown in the art. An

out put device 412 is capable of rendering infornmation

transmtied . fromthe pr . or T

CO%B onen I}e Sg(l}'ggle %ctfoasu Cﬁ 63%; ﬁ?ﬁ;i;lofﬁgﬁ%glr@ e&c?%ﬁ?ledre’vwe 1S 1n

confth@figdRn vatiCthe 2RrdRRmdlosiBant aceewk g dasage ipits ianhoflots of the
vari ous enbodi ments has been presented for  the

storpge grsdasyrep ivhirein thereateran davige BEarahlp el grsessing starage pnit
i nt.ended t € ' t O] £ Reg IR S
R e G e e i SR
variations are possible in light of the above
teaching 19 WO 2005/ 064482 PCT/ US2004/ 040418 WHAT | S
CLA-VED Tho storage enclosure of claim 5, further comprising:
a multidrop connection having a first end in communication with the external

device and a second and third ends coupled to the two interfaces in one slot.
7. The storage enclosure of claim 5, further comprising:

an expander on the backplane coupled to a plurality of the slots and the external

device.

20



1. A storage enclosure for interfacing with storage
units, conprising: a backplane; at |east one slot in

waQ kws5864d8229e encl osure for receiving one stor aRf&Er/Usn004/040418
and 5 two physical interfaces on the backpl ane for at
| east one slot, wherein one storage wunit is capable

of geingr %rﬁé{é}%ﬁ)shﬂ: §igaisi ’Rtvvﬂe%il’ifﬁ{eeexpﬁﬁd'ér MGudk circuitry

t he two physica Interfaces for the slo wherein
to pedotm:physi cal interface supports different storage
interco,nne%rt architectures. 2. Thgstor (%e encl gsgﬁrﬁe der:
of TBFAVHAE # TARHBIFEPH Onf; FPIBBR YT B FieahE COHR'EH dQ figsapander;
10 R4iGRITEE intéramtioH RRRIIrSE iBrdoRBed Ry te&thirds Ahe thAGASsion
have different transm ssion characteristics. 3. The
5 chasierisiges used fayshe gomge bitercennect apkifestuies, Héeraip therjerpeal
. . interfac i.n the slots have different physical
InterGORReY ﬁchistF%H@S Hﬁ‘.'e anﬁsb@acgjéragﬁeéﬁé%sm e of 1, wherein
t hejepislig@thel tRinSifseioa The@eterisid eMbe retbivad @dfsnission;
vertical length of the slot and are parallel to each
ot Histermining fremsthe infgemativg the stprge inteicannpch asghidecsirg aggpciated
EXt al . ' i S ] jcation wth the storage
it i el ol BB e "Uni s i m the of ot
10 of sh the ird6:ageior PAltES déterminkbsteiage itercexteet mahitebent ¢c@
i s capabl e of accessing storage unit  assenblies using
proggsy therteansmissign 45 detetraine grirasnorplayd foete dseedvediramggission,

r r .al.m 5,
o APy o B PR RSl 3,
fi ristwadiagitie €armissicsatoithadsieintinediearspoedayal. devi ce
and a second and third ends coupled to the two
i ntterfaces in one slot. 7. The storage encl osure of
claimb5, further conprising: an expander on the
backpl ane coupled to a plurality of the slots and the
15 ext%er nal TizStategd enelosBi: AAOlAMOKL MI8tdBthe supported storage

.. PCT/ US2004/ 040418 8.. T t gr age | ogure of claim?7
intelGBP G AR HE W SHIBHSS A doSA Se Py e ey i he
supﬁffe%' B Bpiof RBEBoRiprRihe! SIPTFRRE CRARRPLIMYLISTF) SMIB, and
sl ot coupled to the expander; rmaintaining informtion
SADA. storage i nterconnect architectures and transm ssion

5 characteristics used for the storage interconnect
architectures, wherein the storage interconnect

A ar cly t eCtHy RSt fPMRIdSURN STl 10Rviehad acthekiosd, 068 physical
determ ning the transm ssion characteristic of the
20  interfaese¢openlics withshe SATAMSAS storage interconnect architecture and another

physical interface complies with the Fibre Channel storage interconnect architecture.

11 A system interfacing with storage units, comprising:
(a) at least one storage enclosure, comprising:

(i) a backplane;

25 (ii) at least one slot in the storage enclosure for receiving one storage unit;

and

(iii) two physical interfaces on the backplane for at least one slot, wherein a
storage unit is capable of being positioned in the slot to mate with one of the two
physical interfaces for the slot, wherein each physical interface supports different

30 storage interconnect architectures; and
21
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determining fromthe information the storage

i nterconnect architecture associated wth the
wQlzwsoewssd transm ssion characteristics; 10 URITIGS20ME040418

i nformati on on the determ ned storage interconnect

architecture to process the transm ssion and

det Bfﬁl%t@néi&ﬁwﬁpﬂsﬁ#r for the received

transm ssion, wherein there is one transport |ayer

for eacr(l)sammdepipedomfaﬁgﬁbﬁr$t0173g©m@©$ur€,and f orwar di ng

the tra SSi on 1

9 The s{@Sn &IV agasf?}'\garglpctif tor%% ‘Qﬁgf%ﬁﬁre b Xl?plane 3nd
support qﬁl)sﬁféﬁﬁkg&o deRifine @ABOE L pRirslkty o€ slotig@SnteATRAECE €
SATA, SAS,” and bre Channel and wherein the

suppdriteetiresrta psgsess the deja orberendberpiryeiadgpiasmppprtp paltiple

nnel and SATA. 10 The storage
encslt(gg%erl@%%?ongleaaré{tpm\l/lﬁypa nin the slots, one
physical 20 interface conplies with the SATA/ SAS

stor age |nterconnect architecture and anot her si cal
i ntl@ f ackhecyism Al , pherem Bﬁeét%wlﬁ@w%]%l%?téﬁ%ﬂtecmles

supém&{egnﬁ%{hﬂ&&fag@lé&@gsh?e%ars%we%éda?ploﬁa)%xaﬁfq;reﬂt%ﬁgﬁﬁgloﬂg

tora east

chagiterigge. encl osure, conprising: (i) a backplane; (ii)
at least one slot in the storage encl osure for
receiving one storage unit; and (iii) two physical

i nt@r f achy sgfgteﬁnﬁ' BagkAl Wﬁ@refnp hg%/o g??il&a,l eReredellin the slots

wheréin a storage unit i s capa el ng positioned
have diffdient phodicdl configueatwarish one of the two physi cal

interfaces for the slot, wherein each physical

interface supports di fferent 30 storage interconnect

ar oy, o SionAic i MOWAARS BO4ARZPTIHR0044G4RA s

(b) at lea ne server, conprising: (i) an adaptor
c oLyl eaqiamdrr ph¢heshackplgee enplaisarties sl¢tisiahd ceupdéd/iorny latat ene

rded omthe st.or age, encl gs backpl and

sorvef 1) SeEr e APPSR aRECG 1 FOSTRE rofes enclosure,
whéfélﬁrtﬁegs%rdzé%@ée&ﬁm@%%co%sﬁﬁg &bﬁa%@hﬁft?ﬁmﬁ@dﬂfe@&ﬁ%@r&é&e
data, wherein'the server adaptor supports nultiple

lntemocn@cg@rqhﬁt@n@eﬂrre@gh@ﬁ@hpftné@t ures. 12. The system of
claim11l, wherein the storage interconnect
architectures supported in the storage encl osure and

seryper  aplaydlenh e eishl 14 @mefdin EdchnReies sdapfor includes circuitry to

perform:

receiving a transmission from one storage unit in the storage enclosure;

maintaining information on storage interconnect architectures and transmission
characteristics for the storage interconnect architectures, wherein the storage interconnect
architectures have different transmission characteristics.

determining a transmission characteristic of the received data;

determining from the information the storage interconnect architecture associated
with the determined transmission characteristic;

using the information on the determined storage interconnect architecture to
process the transmission and determine a transport layer for the received transmission,
wherein there is one transport layer for each supported transport protocol; and

forwarding the transmission to the determined transport layer.
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characteristics. 10 13. The system of claim 11,
wherein the two physical interfaces in the slots have
wa@iedose64sr physi cal configurations. 14. The syRUEl$2004/040418

claim 11, wherein the storage encl osure further

i ncl udes: an expander on the backpl ane coupled to the
slots and coupled to at | east one server that accesses
the storage unit assenblies nated in the slots of the
st difage Brecdystsur & claimsl Sakdewsimthelservepadaptorifartberpadpdes:

e Egneetplogh] ettt pisd SRpORR RS kB RSy lavers
whel 818 Ry Sit&-Plor @bt dlihg thewhk@isRioaas fhes@tstaiinatteaispsrt layer

includes ciTcuitry to perform receiving a
furtherapesfioimsi on from one storage unit in the storage

e G R

chaginesr@atdihg &% tfakmiskion 36 theagected pestoculeagine, wherein the
architectures, wherein the storage interconnect
deteamisteidtteanspare lny praipdheisolqeiadanptopplaginedypessses the data.
characteristics. determning a transm ssion
characteristic of the received data; determning from
t hel7. nf orivadysem éfhiaist O, agerdimtherezpaniec inchrdeh tiradtry e
associated 25 wth the determ ned transm ssion
perfOHBy act eri stic; using the information on the
d etr@ééﬁiﬂgq S Agon! &1’?51‘9@&@1%%@ ufiif ﬁPbﬁeesq(gtl{:roﬁ]%lteQ to the expander
process the transm ssion an etermne a tranhsport
in réspynge th arreduvst fremenesetver andni ssi on, wherein there is
one transport |ayer for each supported.t ranspori{ .
pr CRABRINING HHORRHIRE O SHYe 4Bt (opRe ALt putes apf dransmission
r : i
ch S T8 e S ar eSO e P Sorage fnterconncct
architeetusesrhame diftrapttdranfmissine charagibuigliss; a plurality of

prot ocol. .engi nes. each supporting.nultiple of the |

P altnnE dpRrassion A b i OEP et By TS

f oradrJiMidg Hideh the #SHhSARINARe btordel entdRbRfidtt ARkBitecture associated
transport Tayer further performs: 5 (i) selecting one

witlofhetdeterplineddtansmission ghayeetedsticengi nes; (ii) forwardi ng

undieiieiE RSl oreh e BB SRk Ty S fehfecture, o

pro&Rs arttRehsRieionas delnind an pl@eassestatdRedsladefor thé. trahb@ission;
system of claim 11, wherein the expander i ncl udes

ci rfouwardingithe dgfatq » pornegio asseqiated it the defewmiaeq tapget device

ad ferom one storage unit in one slot coupled to the
d%)?f)'ander

18.  The system of claim 11, wherein in the slots, one physical interface
complies with the SATA/SAS storage interconnect architecture and another physical

interface complies with the Fibre Channel storage interconnect architecture.

19.  The system of claim 1, wherein the servers and storage enclosures are
mounted in a rack, and wherein for at least one storage enclosure, the expander connects to
multiple servers and for at least one server, the server adaptor connects to multiple storage

enclosures.
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in response to a request fromone server; and
mai ntai ning i nformati on on storage interconnect
W@r@Be482 ur es and transm ssion characteri st iRGI/E$2004/040418
the storage interconnect architectures, wherein the
storage interconnect architectures have different
Lrapsm sg !r&'?h&ﬂi%f ﬁ’ﬁér?efcﬁr% dt&rdge tttsARHISRATELREAR device, comprising:
transm ssion characteristics of the received .
t r apsmMwEcatimg witheorsr storageignit indavfacing with e finstphpsical eterface in a
storage interconnect, architecture associated .with th
Sot Qe AR KPS b ot P FRp BT L8 L8P wdiion i
resgeBf 9"tAB4bOEAn@N the determi ned storage interconnect
architecture, to process the transm ssion to o
detconmiwrscaiinganith essstohgaunihingstaciewvidlea senond physical interface

. Aransm ssion; 20 forwar.di t a to.a conn '
in i fearirohe Sereeon SHEEEY o Aot Eafaferddi ol I Bl sto
whekéin tHErs8 Y&t &b plefsaalindetfacvbgipetts differémetahed Biterei@ect
physical interface conplies wth the SATA/ SAS storage
archiifgc@rasonnect architecture and anot her physi cal
interface conplies with the Fi bre Channel storage
i nterconnect architecture. 25 19. The systemof claim

1, her erhie thbfos ef vigins 2@ nvhestianigdiffersnt sistage Sntarcennect
nmounted in a rack, and wherein for at_ |east one,
architepfusegsuppRitassr he physicad iperiases havsrfHEeeat wnsmissian pl e
chaISag{e}‘i?ic?S. and for at |east one server, the server
adaptor connects to nmultiple storage enclosures. 23
WO 2005/ 064482 PCT/ US2004/ 040418 20. A nethod for
interfacing storage units wth an external. deyice,
condr i si me%aﬁﬁgﬁlag%@ﬁg,ﬁ@hwa Ahohe gf%}ﬂ%@fﬁﬁ%ﬁ?s in the slots
havk AHREEAGHIG b GukigRt Physi cal interface in a siot
of a storage enclosure when the storage unit is
received in a first orientation with respect to the

slot; and 5 c icatj Wi t.h one storage.unit

et f acignERoR ORcBe P kg B BT RIeRL ARG RS fagh epignd alons
a verliQf 1M381of 118 st APEE phifalibl thIadieGRbved in a second

orientation wth respect to the slot, wherein the

first and second physical interface supports different

st orage j,nt erconnect. chitectures. 21. T tho f

o H69S i RERER A Fhic 3D Ao SRt eRBangBion A DS e bted to
the &t BhE HcbAE bHY Sl SHtBBR%E BAthBYIot, Rehepdll Sbe@iunidatien hatheBe

have different transm ssion characteristics. 22. The

storage Wtiusng Blealifierent stoipgs wieicanmectiafRhifsalyssscgrurs through the
expérgﬁ.{ig%f%?lpéﬁ g%cl?l?tegthpe% ?hrmrl@}/ ffe %kf)gn%&e nt physi cal

25.  The method of claim 24, wherein the expander performs:

receiving a transmission from one storage unit in one slot coupled to the expander;

maintaining information on storage interconnect architectures and transmission
characteristics used for the storage interconnect architectures, wherein the storage
interconnect architectures have transmission characteristics;

determining the transmission characteristic of the received transmission;

determining from the information the storage interconnect architecture associated

with the determined transmission characteristics;
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23. The nethod of claim 20, wherein the physical
interfaces each extend along 15 a vertical |ength of
waQ kw5864382 and are parallel to each other. 24. PUEUS2004/040418
met hod of claim 20, wherein an expander on a backpl ane
is coupled to the first and second physi cal
! ”tﬁ{ﬁgg%ﬁs bt oG ok tfe dﬁ}%ﬁﬁ&i HofQE M 6ALdePRrWitddhurk e
storade unit using the different Storage interconnect
procese thetteosmission and deterhine aughspdrelayendpaihdareceived transmission,

i nterconnect_archjfectures.throu the expander. 20
whesth ThetE SO HOR 0 o B St SR D LR and

perRyHFBing 1B RhkniiSich fo'tBE8¢tbBshaNtrinspo 3R St Or age

emt in one slot coupled to the expander; maintaining

i nf.ormati on on storage interconnect architectures and

transm ssion characteristics used for the storage

i nt erconnect architectures, wherein the storage

i NtRY CONMRGhetBbE bF E18KE D0,68hdiéiu €hd supPoNEBSbRGE interconnect

characteristics; 25 deternni n% the transm ssion
archjleaiuzestoenipsise SAGHA. S, pad Bibjethannghand whersiy the supported

det er m ni f -nf O ' r
oanf R EO B P8 L BLRoloR, TP RO, gna saTA.

determ ned transm ssion characteristics; 24 WO

2005/ 064482 PCT/ US2004/ 040418 using.the i nformation on

t he2Tdet eFhsitAetiod pbelaige 20.nYhsreis Ao, GRe Paxsical duipgace

. I .

e i R e A R S A
inteefaee tonapifpovith thaFére Chanesh storage ftercbeukct parhBpoute.

protocol ; and forwarding the transm ssion to the

determined transport layer. 5 26 The nmethod of claim

20,~qnher gi i [ QR G

ar c7hgi't eclt%tlj %g%ﬁg%ﬁnﬁp%%&%%%i lﬁ{gﬁ%gng%ﬂ I bre gﬁlgln%neelxwmal
deviza dhrohgh ifirst phesisal pterfaedr atseemslpbiysicgrinteoiaod, svherein the storage

.conprise SSP, Fibre Channel Protocol, STP, S
unit§ ATEARS AT élomﬁégore;&e eictaspres ?m_e g Bfvicle, o) o BAdre causes
opePRBn OIS SedforinBl &hé 85atiokd c6RpRbings W th the SATA/ SAS
storage interconnect” architecture and anot her physj cal

i nteonfrawdcatiogpyifleenasitorage wait Midsfasingvaitihdie fysiaiygisal interface

g IhE ARt Gl Er el o8 g s and
ext@nifdnicARgIvieh éiy @M@Fe anif intFacRWitlc e seedrRIrfhasi@aldhterface
a second physical interface, wherein the stor ag@

e
wharthe stozage uniidereceided i ascsord preniptionoyisytespent togsiot, wherein
rein th rticl f fact . .
the BREREY Fechd® pfyi® Pl T FRAG En SR icompert artectures

conmuni cating with one storage unit interfacing with
the first physical interface when the storage unit is
r e vedlherpricle of sranplapss oftlym 44, tvhereds fhedifiprsnpierage

inte?c!o?lhéct %&%itectures supported by the physical interfaces have different transmission

characteristics.

30.  The article of manufacture of claim 28, wherein the two physical interfaces

in the slots have different physical configurations.
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conmuni cating with one storage unit interfacing with

t he second physical interface when the storage unit is
WO 2806482 i N a second orientation with respectP@U$0e4/040418

slot, wherein 20 the first and second physi cal

interface supports different storage interconnect

ar ofyl t eciydlegcle 6P gﬁlﬁcﬁfet A0S 3, WHRH R HeWiRrAons hRtHY

28,” wherein the different stor age i nterconnect
conmgiricki t ect ures supported by the physical interfaces

have different tr.ansm ssion char.acteri ?ti cs. 30. The

ar trF‘&l\Qn%ft%ﬂE’F%ief‘ g gt LOTABHIIBIN QTS n the two
PhyligainihHMngshRees ondRride ihleeconhed: Srdh@vefbs fah@ hahémission
physical configurations. 25 WO 2005/ 064482
chalRCrEEIBR004d B4 OlE1Bo1Bge inT¢reonneri abhitestureramilitesin thestarpge
., claim28,.wherein the operations, f.urther conprise
IntefGopReq) F‘W&lt\é@ﬂﬁah%ﬁ LS ss*c?no%agﬁ%eng 'St age unit in one
S| Qleterfi@ling BeiaR8missiolchBrateAsOfIhOfceived RuRigiosneCt
architectures and transm ssion 5 characteristics used
f ordetanmining fragethe infermasiondbe staragpinterspiestarchfsiear gssociated
..t he ora ' . i tectures have
Wlﬂf &g@%ﬂgg@% ﬁraé%éﬁé@ﬁgﬁfﬁgétfi@%&g’d eterm ning the
t r aRFIFi thS indemeion aattks d&tintnaf stblage irterebiuedt architecture to
transm ssion; determni ng% fromthe infornation the.
i

proegs gd@nsRIsEPR 8Re deferming kitkastalt ey g denibe aeedy ed drangmission,
L ne I SSi r 1S LGSy i t he
w5 S SR SO0 SRRy sl gy
ar dbiw26ing e fransnisstrei®shd detertmiacbnaspon tayand
deternmine a transport |ayer for the received
transm ssion, wherein there is one transport |ayer
for each supported transport protocol; and forwarding
the transm ssion to the determ ned transport |ayer. 15
32 3Phe ditteiarlicde of mannfiattaot efrdaiof 2&; mdicrai2 the swhportddrsterhge

SRR S B et SLFRTRRES A SIS MR
sup Qfan§Sort %ﬁﬂﬁ@&@o RL 8SP! BibRARInhsEPreRiol, STPT SMP, and
anneai rotocol, SIP, SWP,’ and SATA. 33. The article

SADA. manuf acture of claim 28, wherein the article of
manuf acture 20 stores instructions that when execut ed
result in performance of the operations. 26

33, The article of manufacture of claim 28, wherein the article of manufacture

stores instructions that when executed result in performance of the operations.
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