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WO 2005/ 064482 PCT/ US2004/ 040418 MJULTI PLE | NTERFACES I N A STORAGE ENCLOSURE
CROSS REFERENCE TO RELATED APPLI CATIONS This application is related to the
foll owi ng copendi ng and commonly assigned 5 patent applications filed on
the sane date hereof: "An Adaptor Supporting D fferent Protocols”, by

Pak- Lung Sewo 2o05theda82 f At al | ah, having attorney docket mu/Us2004/016418 and
"Encl osure Managenent Device", by Pak-Lung Set, having attorney docket no.
P17719. 10 BACKGROUND 1. Field [0001] The present enbodinents relate to a
net hod, system and prAagrerETRTERFACESIINGG STORAGH ERGIOSURRCes in a storage
encl osure. 15 2. Description of the Related Art [0002] An adaptor or

mul ti-channel protocol controller enables a device coupled to the adaptor

to communicate with o s i ding to a storage
i nt erconnect architect’r‘b‘@i}'rge%f:ﬁgj:E R&E%RQL s PLRCA ce, where a
storage 20 i nt eTaRRpplidation tsSrelaedito the folbfwing sopending and cemmeylytassigmednuni cat e
and recqgni ze suc Cco gi ca}tli ons, sLhch g_s Serial Attached Smal |l Conputer
Syst em Pnt @REREPP @@Pﬁ% AByhe saggedatehergl s ced Technol ogy Attachment

(SATA), Fibre ChaRnQhptoPSeppoHRSiSifttaf B8R colsM L RINEG Sel A DACAMNES al | ow
a device to nmamintain one or nore connections to anothér end device via a
poi nt - t 0- poi nt bavingaitarney, dagketaobP11736;@d| oop of devi ces, an expander 25
provi ding a con ion t 2nd b GES., ; j i Sing

i nt erconnect ed n@%ﬁﬁésgﬁee%ﬁ%%@'e tlelél%‘ﬁ%oh ecaiklclglﬁig %%% h%ﬁ%g?%{)%e%g%%@rces. In

t he SAS/ SATA arehitlecture, a SAS port is conprised of one or nore SAS PHYs,
where each SAS PHY interfaces a physical |ayer, i.e., the physical
interfdfe or connection, and a SAS Iink | ayer having nmultiple protocol |ink
| ayer. Communi cations fromthe SASpRKGROUFDPOrt are processed 30 by the
transport layers for that port. There 1s one transport |ayer for each SAS
port to irterfHieddwith each type of application |ayer supported by the

port. A "PHY! i pn.. t | . LS.a i obj t is

loed to | il pETEe BssaFRubBuul 08 8 BoRRS oiBpufi ¥ pRntl Shololl

det ai | s on niuheplSaterticedintacstdragecenclosurdevi ces and expanders is described 1
15

2. Description of the Related Art

[0002] An adaptor or multi-channel protocol controller enables a device coupled to the
adaptor to communicate with one or more connected end devices according to a storage
interconnect architecture, also known as a hardware interface, where a storage

20  interconnect architecture defines a standard way to communicate and recognize such
communications, such as Serial Attached Small Computer System Interface (SCSI) (SAS),
Serial Advanced Technology Attachment (SATA), Fibre Channel, etc. These storage
interconnect architectures allow a device to maintain one or more connections to another
end device via a point-to-point connection, an arbitrated loop of devices, an expander

25  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

30 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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WO 2005/ 064482 PCT/ US2004/ 040418 in the technol ogy specification

"I nformati on Technol ogy - Serial Attached SCSI (SAS)", reference no.

| SO' | EC 14776-150: 200x and ANSI |INCITS. ***:200x PHY |ayer (July 9, 2003),
publ i shed by ANSI; details on the Fibre Channel architecture are descri bed
I n the tecw@nloosse44speci fication "Fi bre Channel Fram ng pOOUSIogi@biing
Interface", docunent no. 5 ISOIEC AW 14165-25; details on the SATA
architecture are described in the technology specification "Serial ATA:

Hi gh Speed i§ﬁfeit@dhh616?y épkciich@e MRiférmaley TechnOWgy I B8riallDRathed SCEOGAIS)W t hi n
an adaptor, the PRY_ [ayer perforns the serial to Qg*ral | el _conversiaon of
data, so trﬁfatenmcaNQﬁE@dﬂa7ﬁ-§5q:2%§miN\Bﬂ INEITSYEr 200IF € layse(UpbV: | ayer ,
and seri al A 11S. At ; : ical
Mtert ace POTRR Bt PCANSE S Qi TP CRan @ EEnIRAYER de 3R APHE

speci f i cat iteshnolopespecificatoone Rilge Ghnnel Rtanling/ardsSigualing duthrf&aS, ddekidertaper , so

t hat effectj ' I | ' ' pl ed

oar al | ef-t SOTEE AT dalsocsss gRH o e SAR wEpReRiosd RREReT bR sPhrolomnect s
to a port cgstifi@éod GS&ﬁ!}hTAPH(%H SRt Skfalizb® ATdARIcBea RelvE1.0ATRNE2003).2
physical interface within another device or on an expander device, where

t he connectlP¥B] pithin argdapinrpihe SH Yalayenpedorns the seriatitoneralel egnvarsiopmfgatent ed
circuit bo [ | |4 J.L:at ontuni cati on
and provi d32 ‘ﬁ%aéﬁ’g’f?@%ldfﬁgs ‘Bé%.‘?’ﬁ%ﬂr%aﬂ%?e%| a@%@%@@ﬁ%ﬁs@&%&@ B 0le SAS
devi ces andraastditted Goml the RHYNdwershroaginthe physical inkeefapotd the BHY lagerefpander ,

wher e ch port has.on r e S PHYs and corrgespandi ng physj cal

i nt er f dces.” GFh"é‘?e&‘B’éﬁ"rdiﬁ‘ %ﬁlssrﬁg{ %??@ﬁﬁ?f& ﬁ%red? 8t E%ﬁgﬁaf‘)ﬁeés gﬁeﬁ St on

bet ween SAPHIEWyEESo that ek P esth Iﬁﬁya)fepta‘xb&)cbm&[ﬂéﬁé EQUpldd 9R paraiieNioC e
connecting to a SAS PHY on the expander to another SAS device connecting to

the expanderalppreertey in AR Y Jayesg Atdeanesiipmpab commselsite @ por gainlediagachseri al to
par al | el j ; ' Y :

receiving a'tr gaﬁéé" IBEE esdedlra Pttgf]??dgf plggtél%f %P%bctﬁf\}ge?%?%\%ﬁﬁca%%id%@@ %gf) t of the
PHY, converanexpdnder deoeievelibrel ifeacohnaaiion path alay tomphseracabld @letdhed paths en a
internally t.otean.ouht))ut SAS PHY, which converts the franme fromparallel to

serial 'Po tREPLIEEI "WEYi ce. The SAS PHY may convert parallel data to serial

data throygéo4pne expaiter B aQlRGRE MHat fRNHateYRitniGtioh @hd Prlvaie RrPaitak! el data
through a parallel "~data builder and one or nore decoders. A phased | ock

| oop (PLL) amepebultitdedAd devices khereradiipln §AScleviars ansraddiiionall spandenst o t he
[ auency saghabss: s il diho kbR AP oo
2 WD 2005/ @o#dpHanding phySRaDibtcofhOek] &he expander also extends the distance of the
20  connection between SAS devices. The expander may route information from a device
connecting to a SAS PHY on the expander to another SAS device connecting to the
expander PHYs. In SAS, using the expander requires additional serial to parallel
conversions in the PHY layers of the expander ports. Upon receiving a frame, a serial-to-
parallel converter, which may be part of the PHY, converts the received data from serial to
25  parallel to route internally to an output SAS PHY, which converts the frame from parallel
to serial to the target device. The SAS PHY may convert parallel data to serial data
through one or more encoders and convert serial data to parallel data through a parallel
data builder and one or more decoders. A phased lock loop (PLL) may be used to track
incoming serial data and lock into the frequency and phase of the signal. This tracking of

30  the signal may introduce noise and error into the signal.

BRIEF DESCRIPTION OF THE DRAWINGS



[ 0005] Referring nowto the drawings in which |ike reference nunbers
represent corresponding parts throughout: FIGs. 1 and 2 illustrate a system
and adaptor in accordance with enbodinments; FIGs. 3, 4, and 5 illustrate
operations inplenmented in the adaptor of FIG. 1 and 2; 5 FIG 6

il lustratesw® pevspseti ve view of a storage encl osure i npeosggracasw t h
enbodi nents; FIG 7 illustrates a storage encl osure backpl ane and attached
storage server in accordance with enbodinents; FIG 8 illustrates an
expander Phiyogsp aﬁ&f@&ﬂl@%ﬁ/ tohRedrBWhiRS il WRES likel Bfdrédee ndmbblstefrbhes a front
view of a rack including storage encl osures and servers in ‘accordance wth
enbodi nent sorrgspondingpartsitheppghaués an adaptor that may be used with the
storage server i I . C ' : [ ﬁ&rﬁlc] : .11
illustrates sys %Eé%%éﬁ%%{fgﬁ%&%%@ﬁ%%ﬂge %@éﬁ%%ﬂﬂ? e gg’@??@ee %15

enbodi ment s. DEFAG4. BD4,DhSCRIR TN pEAGORY implenidntedfin tHeadapigr dERIGs) PandR),
reference is made to _the acconpanyi ng draw ngs ich forma part hereof and
whi ch i Pl ustrat gI@é?@F%at?m%ﬁgﬁFége"f Pfaa} gorgﬁgg}%@sggdn@ﬁ%pgganggwgpher

enbodi ment $yBNinRetsut i 11 zed and structural and operational changes may be
made. Supporting Miltiple Storage |nterconnect Architectures in an Adaptor
100071 FIG 1 i FiGst flysteatesp sseyagranclaguie heckpianeend attaghodhsterage psudtiiment s may
be inple : 2 2 includes one or nore central processing
units (@@Q%?Q%%gfe@b%@eg@ shown), a volatile nmenory 6, non-volatile
storage 8, an Op&EGR illngrassHnenpddder BHY in becondancowith adbpdimests12a, 12b which
mai nt ai_ns physi i:?l interfaces to, contnect W tB, ot her ead devices directly in
a poi ntt0t o- poi nFI@chiusales ot Vigd otecpek/ineluding gioragqenelpsures and sevgiilier s,
one or norg.SMidneeShlembadik@Rii ¢ or one or nore devices in an arbitrated

| oop. An application program 16 further executes in menory 6 and is capable
of transm tti ngFlG B0llugidtesanedaptorghatmiayrheass¢bwith therstarbge seaveg ot FlfeViic e

t hrough one é)f t@egﬁgésibﬁ 1I i@t enrdf aces in the adaptors 12a, 12b. The host 2
may corrpri§8°ﬁlﬁ?% i @“ﬁ% &€ known in the art, such as a nmainfrane,
server, per sonalfiGoryillhierates\$Psideh taiperentsithd ey beesdivith thecdesgpibeér

t el ephgony devi ce, network appliance, virtualization device, storage

cont r ol!Per EMPPLIMERIAD 2005/ 064482 PCT/ US2004/ 040418 Various CPUs 4 and
operating system 10 known in the art may be used. Prograns and

DETAILED DESCRIPTION

[0006] In the following description, reference is made to the accompanying drawings

which form a part hereof and which illustrate several embodiments. It is understood that

20  other embodiments may be utilized and structural and operational changes may be made.

Supporting Multiple Storage Interconnect Architectures in an Adaptor

[0007] FIG. 1 illustrates a computing environment in which embodiments may be
implemented. A host system 2 includes one or more central processing units (CPU) 4

25  (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

30  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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data in nenory 6 may be swapped into storage 8 as part of nenory nmanagenent
operations. [0008] The operating system 10 may | oad a device driver 20a,

20b, 20c for each protocol 5 supported in the adaptor 12a, 12b to enable
comuni cation with a device comruni cating using the supported protocol and
al so | oad aWO80N6#482r 24, such as a Peripheral ConponentCI/Hi2894ddiiect (PCl)
i nterface, to enable comunication with a bus 26. Further details of PCl
interface are described in the publication "PCl Local Bus, Rev. 2.3",

publi shed WribleCIFGE 4 &h@pemmg@pamuo ﬂtgowkttheaﬁﬁmm useh dPrbayangseandr i ver s
20a, 20b, 10 20c supporte g daptor§ 12a, éﬂ on det ect| ng the
presence oflata fRmgpant Hmay 9§Wappf 1to stiaragh 8 a8 parb e Fmﬁ rrfl‘i‘ﬂj‘g?rﬁ?lllal i zation or
dynam cal | %{S as the case with plug-and- play device initialization. In
t he enbodi rrgnt FIG 1, the operating system 10 | oads three protocol

devi ce dri V08] 20 orzoiting Bpatem (6 may headzardewice dhizerdiai 20b, 304 foeeachoetocalob, 20c
may support th A T ne

"t orf abes Mapoged e RhpRy 43h 12k 1 bBbi PRRR AR hih R RO PoRb kBT ey e
drivers maysihgtheGapiritcd psrebodBnd diso loadiabey drbler 04\sucteast Peripheral he adapt or 12

supports. 009] FIG 2 illustrates an enpodi nent  of ada 12, which may
conpri se tk@maamt bterconnegt (P?%nteﬁa%toaeala"glﬁapmm@}caa%wgﬁ P %@2 {Fyrthgr
physi cal i gLigfid ﬁ(ﬁﬁaﬁtgﬁ'ace%g@dcscm’m whi ﬁhhca%ﬂ “P@PL&B&?BEQER&Ir?@’Sm tter and

receiver circuitry ot her connection hardware. The 20 phyS| cal interface
may connecpublshedioy the PCISIGC he bperating Se@emrloanwalbad devideatnvers 28apllbnt ed
circui

ot chod 1Bat Aes PR B ¥biain g2 ¢ A0l BlSng b st R0 SRUBHOAT 7o o

physi cal i npigmheesa¥ 6¢cur dmﬂxfganmahzaﬁeﬂbﬁ@yr@ﬁimwswmss thsuasfe veith plag-apdrysi cal
I nterface 30a,, 30b,..30n for connect]ng 0 _a_ SAS/ SATA devi ce and. anot her

interface PBY dgvies witialiatignn dn ﬂHéWb@@meEéB IGh y sthe gpersting systspy dgadsoa
30b.. . 30N pRY. @gtoeeltﬁyvfcg dH9erd 264 Mob 20Er F&%ﬂsta&%bthe (3786 Hiddnl FaCHRAEET

The PHY | ayer n provides for an encodi ng scheme, such as 8b|
b, to trmwlsammrttihe SASa&MA mdcfohn@mpalmt-momtw@mamnmrﬁacmsmi | ock | oop

(PLL). .The. er 32a ude a s | el

Conver d8r IBpRmPR A REtes, Adiitpyd oy S HefiCCnE: ot lohued bt o ¢ aci
the i ncom agmB&tcd davide Sy M6 aldptordatsappirgck of 30 the incom ng data to the
serial-to-parallel converter to use when performng the conversion. Data is

recei ved al000AEFKHZ5ilustrates ap gmbodigientef aﬁa?tﬁrav whirh hay ¢umnrise thecpdaptorshe  SAS
PHY | ayer 1%%’} lﬁg’%ﬁch aé%)@or iRclhde 5%%&“(‘%%% plyRld ﬁ'lte;'ﬁ estF03NE! . ?ifds hipht hin the

adapt or e SAS PHY | ayer 32n further provi or error
det ect i on, majytincdudefthe ‘ammlwer\ami masmon@mm apCothasomadtipadatdvare. The

20  physical interface may connect to another device via cables or a path etched on a printed

circuit board so that devices on the printed circuit board communicate via etched paths.
The physical interfaces 30a, 30b...30n may provide different physical interfaces for
different device connections, such as one physical interface 30a, 30b...30n for connecting
to a SAS/SATA device and another interface for a Fibre Channel device. Each physical
25 interface 30a, 30b...30n may be coupled to a PHY layer 32a, 32b...32n within expander
34. The PHY layer 32a, 32b...32n provides for an encoding scheme, such as 8b10b, to
translate bits, and a clocking mechanism, such as a phased lock loop (PLL). The PHY
layer 32a, 32b...32n would include a serial-to-parallel converter to perform the serial-to-
parallel conversion and the PLL to track the incoming data and provide the data clock of
30 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



anplitude reduction, and the out-of-band (OOB) signaling to establish an
operational link wth another SAS PHY in another device. The terminterface
may refer to the physical interface or the interface perform ng operations
on the received data inplenmented as circuitry, or both. 5 [00101 The PHY

| ayer 32a, WSh2005/063482f urther perforns the speed negoti at PEHUSA004/040418 PHY in
the external device transmtting data to adaptor 12. In certain enbodi nents,
the PHY layer 32a, 32b...32n nay be progranmed to all ow speed negotiation
and det ect iamplitudé redintiic, end theloot-ofwing (OOB) sighdlingng esthblishen Speretiaral HnE)H f erent
transm ssi on_speeds j nst ance, , SA nd .SAS transm.ssi gns_can_ be
detected bdHZ et h%é‘rg%é{ iR gavisg. Ao e dpladere TBpY T o RRERSY ( Gr)
and 3 GHz anerriceldr &e%@ﬁﬁ!&'peﬂbﬁﬁﬁ%&b@&ﬁ ofdlk 1REei R & BitbleR@fi@LEe they are
transmtted at 1.0625 GHz, 2. 125 , and 4.25 GHz. Because |ink

transm ssi shcéppeddottny be different for certain storage interfaces, the PHY

ayer 333, 1P BAY N 9ELE5! 5 0LAE LANGRIAPER AR LhptEnt |1k

speeds ai ni ng ormati'on on sp or age
i nt er f aces PHPINgkeextemnal dealcs talhdrhieingriatasd adapter 125 In nértaid anbsdiments,hhas SAS

and SATA, transmt_at_the same |ink eeds and, support co n transport
protocol s. %@V‘E{r @é%bn*t@“f@%]%e ErP&rﬁgﬁieaQ%?l?O&V MHFQWEU%MH% t he
PHY | ayer %?éiffe?é%?proto%%ﬁ tfﬁéfmﬁ'ﬂi&gtdt R 1 oﬁ%&ﬁ&%ﬁﬁ%idd@p@é&s@%ﬁ capabl e of
transmtting at the sanme speed by checking the transm ssion format to

det er m ne titséance tSévTyend $AS rhaaissong cpr be datented baaayse theyerd irariemittestabc ol

tr anomidsi peedarars Eleliets Rt A E o AR FIRE AR Rl MK B SPEIEATG) can
be di sti ngbeshackhepire anhymittgd bhL0625 GHANRY2E GHand pLE G z. [Becawdedinkby t hei r

use of the OOB signal., K G her protocols, such as  Fjbre Channel dg not use
the OOB si GRAIMISHOLHINSCITERNRS fﬁffgﬁst fQOReFTRIRTSAOTARS mrﬁffeesaﬂlﬁé’%w ﬁwt HFaprinitive.
The primti AW Lsihed; J of the 25
SATA pri m £ ge oty e e Bt At e g LfRRGR YR ol LB NS S and

Fi br e Chanrimfbrmagion o speeds fordiifferens stotage dnterfaceThdo®a@T auetiaimi differetistonags!

primtiyes. he di,sti i.S based an..t content of .the next. three

byt s dF ¢ HEFTacRE sliotids D B FETA G Corif e SRL POk ot % B0
primtives commoherahisp@et protochlst If e@ktigs intbrEiceerinsinient 2A&me HAT dpead thér the e

Channel protocols. Additionally, different of the protocols, such as SAS and

Fibre 30 CREROBYCTHZ0ed 2o + 720 amt distineush AIPng siprage Bteraces qapalle of he handshaki ng
br ot 0c0l bt kahbSpER by CRed RIS LOBABHIANEan be used

to di stingui st orage ‘connéct e el ng used. 5 WO 2005/ 064482
PCT/ US2004 s®dap4 iigerface and protocol, where the link protocol defines the characteristics of the
20  transmission, including speed and transmission data format.
[0011] For instance, the SAS and SATA protocol can be distinguished not only by their
transmission speeds, but also by their use of the OOB signal. Other protocols, such as
Fibre Channel do not use the OOB signal. Fibre Channel, SAS and SATA all have a four
byte primitive. The primitive of SATA can be distinguished because the first byte of the
25  SATA primitive indicates “K28.3”, whereas the first byte of the SAS and Fibre Channel
primitive indicates “K28.5”, The SAS and Fibre Channel primitives can be distinguished
based on the content of the next three bytes of their primitives, which differ. Thus, the
content of the primitives can be used to distinguish between the SAS, SATA and Fibre
Channel protocols. Additionally, different of the protocols, such as SAS and Fibre
30  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.



[0012] The PHY | ayer 32a, 32b...32n forwards the frame to the link |ayer 36
in the expander 34. The link layer 36 nay maintain a set of elenents for
each protocol supported by a port, such as a Serial SCSI Protocol (SSP)
link layer 38 to process SSP franes, a Serial Tunneling Protocol (STP)

| ayer 38b, WOS8p5/®#48REANagenent Protocol 5 (SMP) | ayer 38RCT/E$PA0404041Hr e
Channel link |ayer 38d to support the Fibre Channel protocol for
transporting the frames. Wthin the expander 34, information is routed from
one PHY tqomptrhePHYTlaﬁeerrwm t 2adorwatdsrthefrarae tony 1ihk Llyei®s frthgri ti ves,

packets, franes, etc. ga{ be used to establish the connection and open
t he addres§XP4ﬂ§?ﬁ§4 ﬂ‘hﬁé‘t‘]—k yey F@MF@@tal{lﬁéﬁé’lg@s@QeBﬁéb%@ch@}ﬁoqohe pr ot ocol

engi nes 42, onut ?ﬁ?%ﬂ?%%é@é&%‘i 8C3PProtoad(SSP PRk lagd 3%@5@&%’31)40

mai ntai ns a I'e 41 providing an assocli ation” of ayers a,
32b...32n tianpes, catSma] TlamghmgaBromal (SZPplayenish, a Herial Matnaaement?mtmlf roma PHY

| ayer or ng| ne rres ngi ne or
PHY | ayér, %@Eg AR 81%? a i f’ﬁ? eghp.ﬁlalyﬁr ﬂf‘é‘? Oft;{g? Er%ﬁfgé Iﬁ%t B‘got ocol
engi nes 42 téhAbp B HitipBE ﬁainb@ tWidtiis Belekpanide0d4) Gdbrmatiod is roBfeR frob bhe BN P,

Fi bre Channel protocol, etc., associated wth the link |ayer 15 38a, 38b

83c, 38d f ¢ aathernghe wrnsmitigdsinfosmation mpHaslugeRrimEives ma@@t%ﬁrymeﬁé carfpd
techni que nﬁg%%sé&otegﬁb@h&hé QoriBLifSGan@ GAAINE AR gkl 0 R 36 Dby &ndl nes
42a, 42b to process

transm ssi on, h as round robin oad bal anci ng
based on prmbonisdiomibgtween 4Reprotb2dl engined 42a042boamd the EHY‘IIaw:rFBIar 82iChaZmel

Protoc es, .t he transpart, |.ayer for handlin tiop,transmtted
on a Fi rqué I4O§I§ad?t§l‘§éarrﬁﬁ%rrt?gﬁéFpﬁaldgnwsﬁ%lag@Hﬁg%mgﬂ g%)a in franes,
packets, pB.msn By &SpréfocAlingRie§ 82a, 426, dudhl tAA SNt a85mREioh GlokP4 PHIYAWyerbn the art.
A transport er conprises any ci rcwtry, I ncl udi ng_sof tware or  hardware,

that is usé’f(ttQP Ym&m igeouded forthe earrespangingreiacol segine ot RFTY daver. repsetvebi on t o
al | ow for gﬁhﬁ a;tédélﬂﬁ{é‘n%&ﬂe%bféfu 'If'tThQ %&P{hﬁ%s\ﬁgﬂzﬂ‘éﬁﬁﬁ%héﬁaﬁ

transmtte ormation arrives orrup ecorrectJ order. The
transport Ipaotecol fely. t35P; SEBS TP ElbtasChaﬂnej protoqodress,, aasutialedswith thedink Jayer

t b A t. t t | d t of
Cranemiidel AR rEbaSCetd RATIAE R Bt bdidee Hi DatBe SR RETRE anspor
| ayer, oft gRowgfd theskt Rysefddt arfiohSihe YnusttAdskatode! engihe 426 430\ prodetésheFi bre

Channel, etc. The transport |ayer and protocol may conpri se t hose transport
protocol s dweBERibLien syabras renndrabiat lead balansiarbasad antisotgeel engine 4aa,<92bco| 30

engine 42a,, ﬂZéﬁoﬁ r’fl&ﬁﬁb?e{)kﬁaaﬂ?%@‘é@é@g gﬂ]‘gér(i)sres &@f %15{2@1& nts

di fferent ranspo protoc ranspor aye | o ality for
di fferent pufotnetioh srandnti@@ddion E&ibine ﬁhmmelmnrbramgterfeceflzaatamblescomamaiahted of

Phe adabt oif Eanessptebp Reitinvanss orary pBrLhe Brosusion e pogg we s A 0

transport layer comprises any circuitry, including software or hardware, that is use to

provide a virtual error-free, point to point connection to allow for the transmission of
information between devices so that transmitted information arrives un-corrupted and in
the correct order. The transport layer further establishes, e.g., opens, and dissolves

25  connections between devices.
[0013] A transport protocol provides a set of transmission rules and handshaking
procedures used to implement a transport layer, often defined by an industry standard,
such as SAS, SATA, Fibre Channel, etc. The transport layer and protocol may comprise
those transport protocols described herein and others known in the art. The protocol

30 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



WO 2005/ 064482 PCT/ US20041 040418 may support different protocols. For

I nstance, protocol engine 42b nmay support the sane transport |ayers as
protocol engine 42a or a different set of transport |ayers. Each protocol
engi ne 42a, 42b inplenents a port |ayer 44, and a transport |ayer, such as a
SSP transpoMO 200¥8pd48246a, STP transport |ayer 46b, SWP t PEHER8P4Y0PHFer 46c,
and a Fi bre Channel Protocol 5 transport |ayer 46d. Further, the protocol
engi nes 30a, 30b may support the transport and network |ayer related

oper at i ons rhaysuppat differeot pretbcpls oFocinbtanceTpretogolrengina#db nay suppaet tha sase

b he Ii nk | 38h. ,38 | 0..and th
Cransport  TERyRE IR S bt gBgRe 42nSa el of Vb B e ER hdor ¢ ect

transport leay@e 424, 4bb iplemyets a pdh ¢ayeP4land2 &anspai Jayer, 3d¢h aiSSIofrAresgoNdi ng
physi cal interfaces 30a, 3Qb...30n maé be 1? o%g ni zed_intg one or nore
ports, wherl@yeadenh SERIrapenort Ixyves 46b, MK anseers layg and arfiibre Ghgnpel sai9e9lses a

conponent t ' | f e '
compr1 585 asRATkteabe! Rutllh e biloRbl G, T2 e Mitport i BARHGE M
pr ot ocol engtwuek laydPm)ateiZiperatipns for theesnpponted prdocotse Blre part layer 4tintatfadesly

| ayers to enable c ni cafd o Lt | rtyal laygrs in the rouyter 40. A
Vi ual - prapepeen e kIR e Bt e, e sirehi ool Yo R b Tribos vt ite of ¢ e
devi ce, andepM6ct £5dab nRNdneiE MddrniatiYn td¥8E Bortdcats¥bért RFet 6r lidkEayer] Thelal PHY
typically does not need to go through a serijal-to-parallel conversion.

[0015] EacHHp¥ot2eciib. e 3 capgspondipg physicatisterfapes; 303t e e3GF meviee prot ocol
transpapt | : 1, S; r r | ayer to
ntortate v EREd 6 e difloc Difs IfG eI SKS ot ieEs iigBp SASRREC e

appl i cat i orpottaxpmpri§d.a comporgmp br coaistrant td wirish i@ favas/arg @ssignedupmadtiess i n t he

adaptor 12 or host system 2 and .provi des .network services to the end users.
For | i nst ancamPif aeiepliur st o Hemly * ARAthraoRParal Chishal CphgEeD) ( For)
transport |@yenb4ely ke idceR oeloh nRreSERhal PPPY jagek k@ nabBy®mhdacatibhe STP
transport |ayer 46c interfaces with an Advanced Technol ogy Attachnent (ATA)

appl i cat i orwitheyietral P8 layersén the sowtert0: r Arvirpist PHY 4§ ap it aalifit ©ilfapewsedts t h a
managengnt ' ﬁh 2 . ; nol o
are gerslg ri 625&’ Alt!rllé} e %ﬁigﬁsg%’? iébgﬁmq’l%ﬁg gwrrtgtgl? %ﬁ@%ﬁb%é%lggﬁ@Tﬁdﬁggﬁmm »
Wi th Packetvidtud BEYagpicallysdoeAiiey meSd\Rl goithtough e Seriabiepamabel colddion.NCl TS

361- 2002 r, 2002)..[10016],,All the PHY | a s 32a,,32b..,32n na
ahar o the. ST ERdbrofgel it arpbcuuded fr nsbagN b pd i hL F i B
separ at e i nghaEBeAR! 4QRGelel thdte PotRraaffbrt 1hyek td iﬁté?ﬂ’ac@fvﬁﬁ@&dﬂtgﬁ@@ﬂ 30 38b,
38c, 38d for each PHY. Further, each protocol engine 42a, 42b may include

one port | @pplicatign fager 43a) 48bofdasinitheanmiraiigndayer fiyTheappticatppdayesshmay 32n or
may i nglyud t | rt «in which
one or or ¢ BHASRE B e sl 298 Gl shlin Bh4 proTUEL ndoliCler BRI B o

or gani zed. usttst Rarindaicajths SO trhisporijieread éacund Fitfre Chennel Protocol (FCP)

transport layer 46b interface with a SCSI application layer 48a, the STP transport layer
46¢ interfaces with an Advanced Technology Attachment (ATA) application layer 48b,

[5)

and the SMP transport layer 46d interfaces with a management application layer 48c.

25  Further details of the ATA technology are described in the publication “Information
Technology -AT Attachment with Packet Interface — 6 (ATA/ATAPI-6)”, reference no.
ANSI INCITS 361-2002 (September, 2002).

[0016] All the PHY layers 32a, 32b...32n may share the same link layer and protocol link
layers, or there may be a separate instance of each link layer and link layer protocol 38a,

30 38D, 38c, 38d for each PHY. Further, each protocol engine 42a, 42b 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



7 WD 2005/ 064482 PCT/ US2004/ 040418 physical layer, PHY layer, link |ayer,
port layer, transport |ayer, and application |ayer and conponents

i npl ementing such | ayers described herein are found in the technol ogy
specification "Informati on Technol ogy - Serial Attached SCSI (SAS)",

ref erenced 3WbiPB3064483017] The router 40 allows the prot oBET/USHEIMELI842a,. 42b
to conmmunicate to any of the 5 PHY |ayers 32a, 32b...32n. The protocol

engi nes 42a, 42b communi cate parallel data to the PHY |layers 32a,

32b. .. 32n, phiysicdl layes, R layer, hk biyer, pers Bayem transpoxt dayer asd applivatiselayertané
arallel data to serial data for transm.ttal through .the correspondi ng

Bhysi cal i rfOBIPPRGIES igplementigg suchdayers dseribed r%yeﬁﬂmgdﬁ%ﬁp@gpﬁgy to a PHY on
the target QeficdioR" “IAdrhiidRITeBRAdIeEyEX @ aN AktadheB STYE(SAE)”! RfGGIcedigddvEe 1S a
device to ich information is 10 transmtted froma source or initiator

devi ce at t dA@t7] Therontersthralions shecprofoed] enpines 43agedb togepmuaicajeto 28y offhe h L he
d i bed ' F{Gs. O ' '
escribg efg:Pfr Q@Egﬁt ﬁlfb . ZiZﬁs Tﬁle n(ﬁ'@t%cgl enZ&s Haoﬁﬁc&lmr{g‘lﬂﬁ%ﬁ%ﬁégﬁ% Idél%%f—w aving

the port an nSpor ayers car nanage®transmm Ssi o
| ayer s 32a,the BAN.layesBRa, T2te. .B2m mdyixdr ihclude/earallod-bmserdbinnvéiears toléutiveadt tehe

protocol engines. 42a, 42b 15 only en wi th one open connection at a
e HoneViBrale gateigi )8 aPeos RS BRI B PO TRl BRE St
connect i on,30bh&0Rr of1RGdta ﬁ&%&&nﬂﬁmeﬁé’&ow}n%ﬁfmm%eﬁd%@ orggtablish
anot her connect to process 1/0O requests fromthat other connection to avoid

| at ency delinpevehing exleombexpandps: Adaigetdeyiceriss deyigego adibnfosmatiorcisnnect i on.
Thi s enbodient .. provides qar . Wy ion of t] 0 ngi ne
bandw dt'h b@%?i“&@vi %n AT &po?%#@%tgf&eg@ eéﬁ gllﬂnlé“% t8 cloﬁu @%ﬁ%{eex&gﬁn%%é&#& ltiple

target devideegeand switch anong connections. The protocol engines 42a, 42b

and physical jnterface haye greater bapndw dth {han the target  devjce, so
that the tdPH ‘M%h/rheélefqﬁﬁésféjgtﬁbfeﬁlmpgts Pﬁﬁﬁs- i ﬁ%é@a%@pmi%«t@ewn%@ﬁ@ 42a, 42b
t hr oughput . ' an @, t iR MERipfARTY4

mul ti pl ex hggitﬁ\%qulﬁ%% %dg{%nt P s§%a§ar?§]§ %?%@ggéﬁl@o%mﬁgbe mul tzi%kglrsre@tﬁhr gets.

25 [0019] AZbovi2ng Bredrapsporideyrs ¢g#ols 460 40d0dthe pretbedl shginesd2ged 2D ayr t her

reduces, st he_.n r ot oc engi nes. eed . ' enen In the
adapt orslst o % ll}'p%gg ?é’ ‘gﬁ' O{B%%pentcgélbeg{l’%? ﬁ[%ﬁé%ﬁ&(ﬁ?ﬁ%gf (l?ﬁl%gs? ke?%{pg@?ng%cgﬁ-g?i ons
perfornmed hye tahet Blirldnd @) cenit2tion, &idlprotoddl Rnginel424)@2b bamdisdoayest ad t o open a
connection with an initiating device, where the injtiati nc%ﬁdevi ce. 30 may

transmt ussaplishegother epngeatiieprogsss UGk requssis feprmiat atherrcoprectinn & 3v9ik (st or age
i nt erconne ' rafd t P shabh i may
occur aft e?atf ﬁéﬁl (!jaé'\gl?%gﬁs&ggggﬂ?gggﬁe%I%ueﬁﬁ%ﬁl agég#tl%iog'a?rlhgﬁ angE ?ﬁk

i ni tial i zatprovidesigreaterspiirationtod the preseenl engine bandwidth by allowing each protocol

20 engine to multiplex among multiple target devices and switch among connections. The

protocol engines 42a, 42b and physical interface have greater bandwidth than the target
device, so that the target device throughput is lower than the protocol engine 42a, 42b
throughput. In certain embodiments, the protocol engines 42a, 42b may multiplex
between different PHYs 32a, 32b...32n to manage multiple targets. |
25 [0019] Allowing one protocol engine to handle multiple targets further reduces the
number of protocol engines that need to be implemented in the adaptor to support all the
targets.
[0020] FIG. 3 illustrates operations performed by the PHY layers 32a, 32b...32n and the
link layer 36 to open a connection with an initiating device, where the initiating device A
30  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



or power-on sequence, the PHY | ayer 32a, 32b may begin (at block 100) Iink
initialization 8 WD 20051064482 PCT/ US2004/ 040418 by receiving link
initialization information, such as primtives, froman initiator device at
one physi calyd RLES e 30a, 30b...30n (FIG 2). The PHY 2b...32n
coupled to bv%e 5?9%‘25,9\,, ng physi cal I nterface 30a, 30b.. g@?ﬁgzog’%@?ﬁg (a t

bl ock 102) speed negotlatlon to ensure that the link operates at the
hi ghest fr uenc cer odi ments, the PHY 5 |ayer.32a,, 32b. .
i ncl udes t r‘&“’&bé‘ﬂ*ﬁ ]I“'iﬂﬁ F‘i)‘ é%m&‘ﬁﬂmn%‘@%?? %ﬁ"@“’é’ﬁ%g@g‘ %bwltlfitqrfde?”@?l?t
storage i nigge hbREReI mme'zzé‘wileoel Bbetmt cftIHeaqrsY Iee1%asns, baveugiediier ent
transm ssion characteristics, such fferent transm ssion speeds and/ or

transmi SSI dhe tepivingphysicel interfash 305 30@ ﬁﬂlépélﬁgéls\mttwpokﬂémmpwtl&?@ Fi bre
Channel %gx?sﬁ{eh ﬂ&ﬁ[\é ﬁ&?czpere{%e icl 1gﬂe§t §r§f§ 1% g%bam SaPodifits 46l ?ﬁ?‘ nes

(at bl ock orag e use or t he t ransm ssi’on
est abl i sh tldyer 824)B2%.t 30m inchidesthe wapabliity ubeiemcmmtbgbmampdads for drfﬁmmm on

speed if a unique transni ssjo d is assaocia t rage i nterface
or from cﬁ%?rr%é’gt“étf: aGep . YnEe ﬂpﬁﬁeﬁeéﬁ@mggéqt acey b?:‘f‘? &i%ferf%affﬂ“ﬁ‘ﬁis?lgﬂ in the
header of tR&aliEANREIsaSH AiffereR tFAREmREioA BiRelld ﬁﬁi%f‘u%ﬁérﬁi@smf?lrﬁorm'ﬁh@n PHY | ayer
32a, 32b forwards (at block 106) the information to the link |ayer 36

i ndi cat i ng swi asts thetcagst with the § Tlhtaefﬂ FigeeChagnglsoragp ingaersAThe SHYF br e
Channel ). 2 e conplies
W th th)e SA%% giar’o%oco? E{ﬁ%&e%ﬁﬁés %nne%?ﬁzmes%)gg % e?ﬁ Y dsjg{j?(%t@%ock r1?0)
and no 1ur t'ahﬂmmambm torestablishnihe esmmctyon, Whlchmaybjeaietenﬁﬁﬁal ﬁtohethe@ramssmﬂ
utilizes the g E‘@Ot ocol thengﬁg | i nk I(ﬁ(, roc ses at bl ock 112)
an OPEN fr &Rt flus Hansmissien seged it 4SSPRFE lt[haé Ith (e.g., SSP,
STP, SWP, FhhhGeiiiRE Bfthe Rafnisqbn, such8 lr%ﬁ%t&ﬁmelheadebemh%%ﬁeﬁ@ﬁ& ( ag

bl ock 114) to the determ ned SAS protocol |ink |ayer
(SSP, STP, $imat ofthp trensbhiagiers letcPrlde SEN IPYQI@Zp,r%é’levardS"(@t lrdpdt Ulﬁdlthel i nk | ayer

382, 380, SRRl DR TRleP6 LG End Ghich Bpbed 4Bheeb fugRRR Runect fon for

al | subsequre connection. The
connectjison (SAS/SATA opEbRChaah¢ly t he OPEN frame 25 bet ween an initiator and

target por efore co catjon may begin. A connegtion est abl i shed
bet ween onéo&l]o‘ If Gat IPIP?:\%TU ) Bis\determing S@J@g"*ln?{?‘f@cﬁt%’tnp %WI%WG%SAS t ar get

PHY in the ;Ricdiahdfthe Brectidn is @ﬁﬁblﬁh%ﬁblé&@l@?gné&?ﬁrih@?ac?lbﬁﬁsage interface

conpl i es wi Fhoa poi nt-to-poi nt Fi b annel pf ot ocol hen t he connection
i s establ i ghesdsatnt If16$tdxl¢©1<1126) the CQth%eth lgélzea the SAS msotoesthenthedinkl layes) t he

st orage |n rface ¢ Arb
ot ot ool | cRartens B Bloaf Ll Ry e ¢ 0oL S s B A Gloebif B 125
the ope@n cqapessP,BTH, SMRIFibre ChaggliPiotochl) alTes OPERITehd is @itbndforwaaddd (af

block 114) to the determined SAS protocol link layer 38a, 38b, 38c, 38d (SSP, STP,SMP,

Fibre Channel Protocol) to process. The protocol link layer 38a, 38b, 38c, 38d then

. 32n

establishes (at block 116) an open connection for all subsequent frames transmitted as part
of that opened connection. The connection must be opened using the OPEN frame

25  between an initiator and target port before communication may begin. A connection is
established between one SAS initiator PHY in the SAS initiator port and one SAS target
PHY in the SAS target port. If (at blocks 108 and 118) the storage interface complies with
a point-to-point Fibre Channel protocol, then the connection is established (at block 120).
Otherwise, if (at blocks 108 and 118) the storage interface complies with the Fibre

30  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



connection. The Fibre Channel link |ayer 38d may establish the connection
using Fibre Channel open primtives. Further details of the Fibre Channel
Arbitrated Loop protocol 9 WD 20051064482 PCT/ US2004/ 040418 are descri bed
in the publi ' "l.nformati on Technol ogy - Fibre Channel Arbitrated Loop
(FC- AL- 2) ",Ivﬁ‘g%/d.”%g““ﬁd&cunent no. ANSI | NCI TS 332-1999. [o8SHPSH#M/i0¢He
descri bed inplenentations, the PHY | ayer 32a, 32b...32n is able to
determ ne the storage interface for different storage interfaces that

transmt atareliigstrihedin thepubtieationi“infooration Archsplogy s Finel Channehhebigated beamt

transm ssi chahact ar:l Skl ' t ' . age interface information
I's then fo?@gr‘ggg?fgﬁlh%a#)@menﬁ%iwgﬁpyyug% ?é()@r' determ ne which link |ayer
pr ot ocol an@022]aksipthetdeguribed aapletnentatsms|the BHYdbyar SBa,t326.. . Larnakdé toon, such as
a SAS link |ayer protocol, e,.g., 38a, 38b, 38c, .or the Fibre nnel link

| ayer prot d%ﬁﬁ)‘(mﬁ’g&]?e Wég%mf%%ﬂfqr@%?eé?ﬂt StoFase b‘Eﬁflfascef h%&?f’é?‘ﬁfé%@éﬂ‘?r equire
differeny (ddsRisH68 BTk BbeliPardiPsidafe diFBRABHanEm ssioft charhstefidiRl eFhigper at i ons

per f or med 2%; the router 40 to select a protocol engine 42a, 42b to process
t

t he recei veldfterminggd storyge interessiinformatioats e fwariey taithe digk &yes3q orise tr om t he
protocol |ipk . , f , primtive,
etc., to e%%%‘ﬁég{lhlg&a@gn%g%ﬁr %ﬁ‘?dl Fﬁg%ﬁsﬁ (gfgrg ﬁ&f@%&%%ﬁﬁﬁ%@?ﬂ‘@ébl e 41

provi des arcoas&cion,atctoas DFA S litb 1qye0ironod], €ngs 8w 3888 8c 4 thd FibretClaanitly 32a,
32b. ,.32n forwarding trans ssion, the the router. 40 forwards (at

bl ock 154) lkdaier BW%??PLQ?%W@E? ﬁg%@l?%%’f H&E’F&éﬂgﬁ H@ﬁ’?é&?edz;ffﬁ““ea‘éﬁ@sféptat ed with
the PHY[g ndi6RL&8L tohahde, router table 41. If (at block 152) the router table

41 does not provide an association of a PHY |ayer and protocol engine and if
(at bl ock [063)] AlGed plusttgendpesdtionsiperformed by theiraerddhiplselest aprotecelleagi8ATA or
Fi bre Channgl Lot-to Qi.n rotocol . then t r 40 sel ects (at
bl ock 153) e biseds s A240q BATE cBon hB¥lhe ARERISD) o Bl 3 (Slc
as | oad balfedig thegprotocol hidk it B8a, 881 38¢,38d,atictbhsackarh§Pacledt | pringitiod, @qlto engi nes
46a, 46b capagl:, of handl i,ng gpe dei)erm’ ned protocql are busy, then fail 1is
returned (@ iacomBsong! sk POl TOHIEE Rlel PEOVIdes TR RE0SIaHAN OKF her wi se,
[T (3t B OGkoroddi Bheite RELUIE R t@m@z&@@?..%ﬁ ek oRUAL 1R Hamis ] e

o} b I a k 164) t or t

pr ot oc engi ne 46a, 46D iIs selected 25 it bl oc 0 use he
t ransmi ssi che muter #6 formards<ati tdedkol$4) the transmissiiactottioe priotocgkdngueed@a, 42bot ocol

[ . 100241.1f, (at.b . 156) .th t | f .t ' t
conpl 1 es wiipcits kg PEAC iRl a il e BhR e o WARIER BTG BNETHED (e
router 40 saldet sotpedvidd Acdssddfijon @f € PHY Iey?@nd pitetonengdfand4Bfat blackise based
on a selection criteria, If (at, hl ock 168)  all E)rot ocol 30 engj nes 46a, 46b

capabl e of R&hieprrioqoh et the trapsmisten ¢amplise Bith ghecSATA wr FibreFhanmngl paipg-to-

20  point protocol, then the router 40 selects (at block 158) one protocol engine to use based

on a selection criteria, such as load balancing, round robin, etc. If (at block 160) all
protocol engines 46a, 46b capable of handling the determined protocol are busy, then fail
is returned (at block 162) to the device that sent a transmission. Otherwise, if (at block
160) a protocol engine 46a, 46b is available, then one protocol engine 46a, 46b is selected
25 (atblock 164) to use for the transmission and the transmission is forwarded to the selected
protocol engine.
[0024] If (at block 156) the protocol of the connection request complies with the SAS or
Fibre Channel Arbitrated Loop protocol, then the router 40 selects (at block 166) one
protocol engine 46a, 46b to use based on a selection criteria. If (at block 168) all protocol
30 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



receiving the transm ssion is signaled that the connection request failed,
and the PHY 32a, 32b...32n returns (at block 170) an OPEN reject command to
the transmtting device. Oherwise, if (at block 168) a protocol engine
46a, 46b is‘gég@l )‘3?4|§2'[ then an entry is added 10 WD 2005/ 064482

PCT/ US2004/ 0 U%%% bl ock 172) to the router table 41PSIES204PI4Y ¢ he
PITY 42a, 42b...42n forwarding the transm ssion with one protocol engine
46a, 46b. The router 40 signals (at block 174) the PHY that the connection
i s establ i s@ebloclahid) thike peyferitahle fh gssopiptipethe BHY 42an82h. ofdneforwgrdingdherar ds (at
bl ock 176) S-S e I : | 5
[0025]  Ad; FHETLFRAMTIEE Yoibcdl HREne MLHAE TROCR B0 QEuRR A |
transnit i PHY 1t thecontestion iscastpblishad)\and ¢hetRH X oetums OFEN agepth &he parterrddquest

frames to ope pr.o ol i ne 42a,.42b, usi | oad bal ancjng, or sone ot her
sel ecti ng t@E‘ﬁ%ﬁﬁ@g&(’%éf(’g%%%ans’ﬁ?%i%g%fheé?ila?quepr&g’g?fjwet%%n% ort and port
| ayers ty an@oRs] AdBticHRRY, tE@ﬁb}ﬂi@ﬁtﬁ&ﬂaié&@UﬁﬁzfoPeniB@nE&wrﬁb téfshi@ di rect the
link initialization to the appropriate lin ayer and PHY |l ayer. 10 [0026]

FIG 5 il ugformalien togdprget davice by cprmpisaling thy apengapicst frames tg oap atatacoh devi ce

driver 20 | £ [ ' : : L ce through
an adapt or aeffzﬁ;glaﬁ%(%g(%ﬁglgw&{@?%ég&ggw %ﬁggég&%@%gg&%&g{: 20b, 20c
t rag_sm' t? E[psrgtlmcmlfm'gtgg 424 4]E2hit11ah?mﬁ an?pmﬂarybnsa}[ahmilt tﬁetolp_emcmglgaﬂmtfmineéiwidce_ by
sending (a 0 . i nformat.i on. a, protocol engine : evi ce
G ver J20a. e 4005 fiage i dirRoptor Bt FRsROR e Bl B A B GHco
engi ne { UpB26]THIE. PiIRERSES ofi&tions pdéstmed GDhE 88ptot 1NGo ehdd1d 4 ARG EREPN
forwards (at block 204) the transmssion to the router 40. If (at bl ock 206)
tOhhe prlot oc&Oa,%f%ach opmwt t%l@foamamtfzwgetzi@blpe ngugllsansvﬂtMObHaFPﬁE 208)
annel pol - (0) : . at.. oc
a PHY 32a, @% B %’3 hﬁtglégpgcatdéglc? gn %/%22‘6{1 ,a%bgé%d%%@é?@%ln?ﬁnﬁgéﬁ f{/ﬁ%hra% ndirectly
t hr ough onecommumication xptaracenseoted devicaby sendifgqat Block202) sfommtidl tamd sends t he
transm ssion to the selected, P]TY. If t o) 206 he protocol used by
the devi cegiPAIEPEBHA02, 36 Agisxice divsr M?@Hf?@ Y BAPFEHAR or Fibre
Channel 1 AAr bieldcpd fidtocbORRineitH 8L, thfé prbéot Englik 463l 86 RcéitingthOednsdidibna Pl TY

32a, 32b..32n to use to establis comunication with thée target device and

add an ent riprvasds (atbleelu2@4) thestansmission ¢o B ireigertdfe If (3t bloek 806)dhepratocalza, 42b
forwardin d SSI: |t t . t egh. t | ndi cat ed
pr ot ocol gn‘%s?§3§ gﬁgﬁ gﬁ@%‘?@ 29%’eég)bf i(yri‘c 1(§: g}%# ? %&F%H@%@%ﬁﬁ%@ §§k@i”or

Fi bre Channthén #e boteratiOasdletio ¢a béankr268) 4 PHY 3ZhS2bai2arcodfiectddan tHeathngatr ds ( at

bl ock 212) _the qopen connectjon request through.the selected PITY 32a,
32b. . 320 1 odevHie (EECH O Mdiypecly througle 9% oral PYIBEACTS A EAURHES tBRGYSSiD

techni gyes ffalsedsliprNBmERIMARS tHeQBR ol PHTY. OF ot 8180206 RS Ak cbNised bpars t hat
comuni cate at different transm ssion speeds and/ or

device driver 20a, 20b, 20c initiating the transmission is SAS or Fibre Channel Arbitrated

Loop, then the router 40 selects (at block 210) a PHY 32a, 32b..32n to use to establish

communication with the target device and add an entry to the router table associating the

protocol engine 42a, 42b forwarding the transmission with the selected PHY, so that the

25 indicated protocol engine and PHY are used for communications through that SAS or
Fibre Channel Arbitrated Loop connection. The router 40 then forwards (at block 212)
the open connection request through the selected PHY 32a, 32b..32n to the target device.
[0027] Described embodiments provide techniques for allowing connections with
different storage interfaces that communicate at different transmission speeds and/or

30 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



30 different transm ssion characteristics. In this way, a single adaptor 12
may provide nultiple connections for different storage interfaces (storage
i nterconnect architectures) that comrunicate using different transm ssion
characteristics, such as transmtting at different |link speeds or including
different pro? &8P % ormation in the transmissions. For P@%%“ﬂ@ﬂsl/ﬁoamsz
PCT/ US2004/ 040418 instance, the adaptor 12 may be included in an encl osure
that is connected to nultiple storage devices on a rack or provides the
connect i onsinftancesthe daptord@mayczs ingludddrin ah enclesyre thatis bermngeted t([ ookle Still

et Y bkl S5 LR PR el BB 0l Al 10 ©

paral | el -t cengRE0r8) conver5| on and the protocol engines 42a, 42b W|thi n the
adapt or . In hgl erren t| o \r/&*u the expandef1 is | gcated ext er nal to the

adapt or, &éﬂ]aﬁl 66 FRRRPAMERFS, ¢ ‘?Fﬁ?“aﬁf ©981% erredelite

conmuni %at ?Mfe?ccfnﬂz@ﬁloh%tx&@ﬂ RROPEP sy efsB2b) @br%t *fﬁr imkalieRto- s‘&ﬁﬁlm el )
fromthe router Int expander tot e adapt or (para to seria and
the 10 ad apqonverSmm and the poasonod cngings 428, 4Zhevifhinothe @dapt@ngn nepl(eslennamnSt 0
parallel). cr. enbod t for twg of

t hese conve‘ly ‘?r% eB il 18330316(16 t§ ff%c}ap%%’t e gra 1@1‘% rsgﬂgrﬁof“fcé%m}f rectly

fromthe rouiebe n%dﬂfohh@d Wd@‘tr@@.ﬁlhca&ﬂi}itaﬂﬁsmlﬂ[b ddﬁﬂecﬁu@ﬂ@to&ﬁﬁtﬁu&l’r (segi@ng@onent .
Reduci ng the nunber of parallel to serial conver5|ﬁns and corres ondi ng PLL

tracki ng r &#alsh, @&‘Péheali‘?é}tcblntth%F’FRﬁflgerttﬁgle orfgaraliel e aereabl and, f requency
changes; 15 p tf3hlto 3 pk&iBedi @ &l &Pl &%#Fge Qncy

del aysslcoiuseaﬂggﬁgﬂc é’c&nggql t |hon cét}ﬁslde}r% ons. 1Enc gur)e/ d;Ar teS(L:I?{%Jre
Supporti ng dvbodimdngs dimninate tHesnepd 632 3fvo Bf tBeseonidrsions it @b wing thepagdielstatd osur e
200 having lurality.of slots. 20 ich starage units 203
may be | nsetPtbg(tf Sflpfge%{i{,‘?ﬂgééfog}hﬁhﬁ ﬁg%gﬂw&ggolgnggwﬁq %mecﬁ%gﬁ’ig such as a
magnet i ¢ hajothpdhéit. ﬁeaueﬂ% théRENBRF PhrhRel t@ Rriaf&dnvelisfols asdédrbspdrlirgy ISk,

etc. may be inserted t hough on 1gmtwo slots are shown, arr% nunber of
slots may Heackigreduses datmandrt egmsf@g Bhieq B odused by thefrrguencycaghgeani t has a
connect th I %EVQ% 06a and
204b, 2 6b2;%§d]%g cth%lpgﬁr]fe1 8 o?gqiﬁg%nrg{%sgl?%l%% 2 i%ﬁ?%ﬁgﬁﬂoﬁue&lof t he

sl ot s 202a,addiddbal copsgrsions. vel y. A backpl ane conprises a circuit board

i ncl udi ng connectors, interfaces, slots into which conponents are plugged.
The sl ot 252a, 252b, 252c conprises the space for receiving the storage

unit 203 and may be deI @Rgﬁ@%cmcau@g_y@ﬁﬁlgMﬁmy]@tp#é@c(qg boundari es, such
as walls, guides nprise space occupied by the storage

onit 203t YIS Iﬁo@ llhléuratﬁfeajstﬁgagm}clwsﬂs%OQ&pV@s p phirgliti of glpts 2022 and 200b

20  in which storage units 203 may be inserted. The storage unit may comprise a removable

disk, such as a magnetic hard disk drive, tape cassette, optical disk, solid state disk, etc.,
may be inserted. Although only two slots are shown, any number of slots may be included
in the storage enclosure 200. The storage unit has a connector 205 to mate with one of the
physical interfaces 204a, 206a and 204b, 206b on a backplane 208 of the enclosure 200

25  through one of the slots 202a, 202b, respectively. A backplane comprises a circuit board
including connectors, interfaces, slots into which components are plugged. The slot 252a,
252b, 252¢ comprises the space for receiving the storage unit 203 and may be delineated
by a physical structure or boundaries, such as walls, guides, etc., or may comprise a space
occupied by the storage unit 203 that is not defined by any physical structures or

30  boundaries. 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



30 boundaries. 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 y rotate the storage unit 203 to allow the storage
unit 203 toRﬂgf g@%%ﬁathat particul ar physical interfacePS84320048418 | "t he
12 WD 2005/ 064482 PCT/ US2004/ 040418 storage unit 203 is capable of mating

wi th physical interface 206a, 206b, tggﬂﬂ user n@é’ rotate the storage
unit 203 askungs yntR98 iyeapeble ST matingwith physie Em%fae%@ 2 £@4Ys thea dhexpsermay 206b.

In this Waxoatestp@&l)a Ehﬁ& 201§ LSS 1BOHEHERGE TalelitF bIYsRALnIRHaES 2HBRSE

physi cal int aces “have fferent physical configurations, such as a
di fferent <06k dntenwaypasingls sthtpfoafrcwtntq:rfﬂceﬂrffoaeter%cztelﬁs whord phymaérent pi N

[ .. [.00301 F nbodi h
phyet cal | AbERRE SO S Rereariosbasonay B R A BB Bl AR Sty saS

physi cals | fifértRGRteERct dizee, dhh)dﬂlfeﬁait pmhero‘oaﬁaﬁarra%meﬁusd 204b may be capabl e
of mating with a Fibre Channel slcal mtpggface In th a single

sl ot 202a (9030 Egr nstagceyin ?%tjm/ﬁne dimgatss fhsy @czt}ﬁmttarf?f&%?ﬂ@aaﬁ Pl may

i nterfaces f R yesA ce, if the
st or age unlb}%%%@ (?1&?3%& VQ&PQSA@ esn%ﬁ%ﬁﬁgﬂh{sﬁég@a}dgﬁgé ah}g%%}fg%%‘%@#nterface

then the ust¥da ambIQﬂbrma}abeecapdﬂrde of mwltmm]?tbrez@mgl phiysiezlfintedfac. tTh thihe
physi cal interfac rt| i nterface, . whereas if the
Crorage | nowbresioaS s FREIe R RRREE AR g d e e 2B A R AR PR 1 e
the usern Widkihgldiferéd phiaﬁcastzaﬁm&uums tFoZGlr&tatn@e Jiffhe kfogape unit203 ihefrepporti ng
physi cal 15 interface, 6a. [00311 In certain enhodi nents, the

storage uni%as sg@ﬁavomma la@é W/§A$ﬁénﬁ§#?%ﬁ then the yeelwould gotals thantteragh t h one
physi cal r ?4@9 ng,Ss , 032] FIG 7
i | lustrat egﬁl gcnzfog?ggt??fang%wnﬁ hggl g@??#?%‘%f ﬁgeb@%a lﬁgggmg gﬁg[}]t% gZgB of a

st or age encvheseaséf tBS sxoragu olterfase avas Hesigned toplog ittae Frige ﬁibaltnebin&:rfabc)ttEnZ 52a,
252b, 252c t hr re or. fe rovi.ded), where
each sl ot ﬁﬁ% %’WOB atﬁe 8????% ;%@Dm%ﬁraface \A@‘athe %’%’ﬁ“%ég'g 54c, 256¢C.
The physi cahteﬁmeeégage@ 254a, 254b, 254c and 256a, 256b, 256¢ may have

di fferent ph sical confi lg)juratl ons, i ze dimensions and pin
ar r angenent[8031] dn serfaimem Qﬂlmf:@ﬁéhﬁstgrp&l&g&@%ﬂ@f@@#ﬁ@e@lwfleahxsgél ures, e.g.,

SATA/ SAS a r ng@%ﬂ@? 0 has
multiple 2 Htegf%‘%r{ger b‘ée é@’ s{%gﬂg@ﬁ% 6%2 Zgﬁebgﬁaﬁg% ggﬂoglﬁ%szz?%a 262D,
262c may bd0032] §aGi Z 8bhstratesancamabodimend pEthp erchiectuvh of éleéaacltplmr%&oﬁaasm gned
to have one, or

HY. 262 b | ed
Lo each paitiomee BrGSHE A0tk Adlotre IB Rving R fupté BFR 25280 E 0, 0P, 7
each slopt e are Sdiwn, Bbidfiorc AN fewep aiagd & pfdiidek), @here each slot has two physical

interfaces 254a, 256a, 254b, 256b, 254c¢, 256¢. The physical interfaces 254a, 254b, 254¢
and 256a, 256b, 256¢ may have different physical configurations, e.g., size dimensions
and pin arrangements, to support different storage interconnect architectures, e.g.,
SATA/SAS and Fibre Channel. An expander 260 on the backplane 258 has multiple

25 expander PHYSs 262a, 262b, 262¢c. The expander PHYs 262a, 262b, 262¢ may be
organized into one or more ports, where each port is assigned to have one or more PHYSs.
Further, one PHY 262a, 262b, 262c may be coupled to each pair of physical interfaces
254a, 256a, 254b, 256b, 254c, 256¢ in each slot 252a, 252b, 252¢. An expander function
266 routes information from PHYs 262a, 262b, 262¢ to destination PHY's 264a, 264b,

30  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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266 routes information from PHYs 262a, 262b, 262c to destination PHYs 264a,
264b, 30 264c fromwhere the information is forwarded to an end device
directly or through additional expanders. FIG 7 shows the destination PHYs
264a, 264b, ecting directly to the physical interfaces on an

adapt or 280"'?2‘%@%’?63@; 282. 13 WD 2005/ 064482 PCT/ US2004/ 845X3H0P9883] | n
certain enbodi nents, a nultidrop connector 266a, 266b, 266c extends fromthe
physical interface for each PHY 262a, 262b, 262c to one of the slots 252a,
252b, 252c,[0033h&t eerigaembadiments, areuHgIop CoRNSEIOE Hofite 260hs 26@oxtendsBBm these | s
coupled to f ' g?ez% Y, 26967 oot 57,006b1 2541,  256¢C,
respectivelp?}?ﬁ?a(ril) I!tt‘%]e gfgﬁ%g a, %éZb, ’5 ZS%CO,H%r e?‘ﬁe%‘tﬁ??/% ai/.gizkgrr?ﬁ%fi dr op
connect or oy daske enchorc thwmuiiidrap camettpnZ66ai 2G6bn2fceiiptmpledde essofifbé nt s, where

t he access .poi.nts, npy L J.SE. gabl ccess points, etche cess
points, et d‘l?terlf??ef ?1%’ &ﬁé}%ﬁeﬁ ’Pﬁ_“g%%ﬁ’ %%ﬁﬂ%&%{ivegﬁ"d@ﬁﬁ@gm?@p@ i cal
connect ison 2558 rébpédtREENtA RtRIréiAdonhéti@IcbRBHSesiatoffunSdabibn 1O GTtE niulteple

di fferent physical interfaces may have different physical dinmensions and

pi n ar r ang@peeat RoIntF.ovkase therpeerss ROIHS fHay CAMPTiSQ-aplpasPess Points; eichednath t he

mul tidrop . thi , : ) ' it g

physi cal c%g%gsﬁﬁ%&é’ %?ﬁnt%% ?ﬁ‘%’ ?Mr%?ﬁﬁ Pﬁgﬁ gzl) r?]?gfra{eﬁtt&g%%)?{aéggy?lﬁdtlgﬁ@%gﬁ%nct
physi cal itmdiffefeacplsysizabinter38&s/ibAieslot-iwhere tiehdiffereht pliykiasl inteyfades nary t he
storage unit Z(FQ1 eg;ﬁi" d]ieqslk drive, inserted in.the slot éSﬁ%f 252b, 252c
and mated 8" %&‘i“‘& ypigelefmgpsions end pingEgngemesis, o asgpmmogaly i c. The
mul tidrop GRRIGE idérfacés Bt mBIBERdp RGBS 063Y, R6R: ARINEDrs iAflu®ds Pat hs
etched on a printed circuit board. [0034] FIG 8 illustrates conponents

within an didfae ohysieay camgetos fonmatingsxignihg differaytvtorans dntercopmst plpsizal  264a,

oper at | ons. A O T SRS/ YA ke Chptel iyt P e chlfoe MOEE it S0d B ey

per f or m t hdriegdnsattedinsthelslot252ae2520) 232¢ nadmatet] té phitsival Rdyfaca?Btas2Baa, 20

32b...32n in, Fl operati.qns are describ i |G 3. The ander
A T L B e B S S B LA N g
charact|8r i st paihs éteHedbnff i cikkaitdyaae [nterfaces, i.e storage

i nterconnect architectures, e.g., SAS/ SATA, Fibre Channel, etc., and

forward i nfl34hFIG B instrars comporgiés Within wa pxpanderdii 300, suck asexpangkr | ayer 302,

where the ' thaf ' . ss of the
t ar get storl)?&%@gg%ib?gb’%%%?%ta %e%?gazr%ﬁi&P&%?%%}ggggﬁ}%ﬁéﬁcggdﬁgn er PHY
connect ed tlayet 32 tb perfetm BHY aperatibhd, and aPHN lirkdayer 804.0Addikienalypthe ®ETY PHYS

all ows the ex der to_handle data transmtted from  dj rent storage

i nt er conneddy® %?%E‘frfﬂr@stg%%rﬁ@nﬂh‘?s@é cdyith fesprshiodhs B%ﬁ%‘?r%\ %ristics.

][ 0035] 24h g a\Q{KPQQQ R FICRY WHYsé Bdrations hiddRscibe®H I8G. B0 The ekfnder FHERN BiybS Si ON
rom one
302 may include the capability to detect transmission characteristics for different hardware

interfaces, i.e., storage interconnect architectures, e.g., SAS/SATA, Fibre Channel, etc.,
and forward information on the storage hardware interface to the link layer 302, where the
link layer 302 uses that information to access the address of the target storage device of
25  the transmission to select the expander PHY connected to the target device. This
architecture for the expander PHY's allows the expander to handle data transmitted from
different storage interconnect architectures having different transmission characteristics.
[0035] The expander 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
30 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.
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to anot her PHY connecting to the target device or path to the target device.
The expander 30 router nmay further naintain a router table that associates
PHYs with the address of the devices to which they are attached, so a
transm ssi oqgg%g'o%&g on one PHY directed to an end device is routed to the
PHY associ at hat end device. 14 WD 2005/ 064482 PEFT(S3HAI Y0418
[0036] Wth respect to FIG 7, the adaptor 280 in the server 282 may include
the sane architecture as the adaptorl2 in FIG 2, including the expander 34

and pr ot ocol003¢)giViih respe to K 7aﬂl§t@ﬁ@l§@‘t2§pén e SeTveh At 2nas inglndg desrmped wi t h
respect t Oa%@l‘ﬁ RO HEMa gto‘i’i ! Iggr02 1ﬁclu£ng the efp arﬁ@td345an T&Sto@&i%ggloé 280

recei ves d romthe ex in the storage enclosur e vi a
connecti on m04z’rmich1teeimrd ﬂlawwedatd:sm descahmﬂlsraspecttﬂ them embbdintestspf i@ ol

engi nes 288a,, 288b i e n descri abav ach sical interface
284a, 284b, ?Zzngg ﬁge %@%&é%%&eﬁ&"ﬁ&)% IH%F %‘8?1 5128(%”;9 %I PF4&r ent
St or age £NCéMRdiR 230 dla%ﬁﬁ'ecudﬁ 990 Bt thefoRkard {R5fehsmBbR to Actofihe f)ﬂ&ﬂ)col
backplane 258 eannder 260 may be cougled to a different server, thereby

al | owi ng di #riines 388as 238haindhe warnsn dessribedRbRYS. tFash @hysien! injerface 284 P8&%ur es and
a storage e I G t he

descri bgd e%%‘ gﬁxﬁeeﬁstelé‘%r 8&’%{;&% 22031% %bﬁﬁegﬁt%% différg t%E(ﬁ%%JQlQl?bgllrﬁ%a Eacth di fferent
connecti on destisatioa PER 2Gda, 2)@4b|, %ﬁbmtﬁdbmkphnn%&e(mhdﬂrélmm be25®ﬁ¢d ®%32¢c

(FIG 7) on.the backpl ane 258 .by.rotating the orientat f t he storage
uni t asserrbﬁhgf£3 BFrvers ﬁé"é&f}'ﬁ T‘%d'g?’ ifé‘%ﬁf‘ntf’t Oﬁuﬁecﬁ‘} %IB]?’ SI%28% her, the
adapt or 1 (280critRiurS$ RIS dtofap @ ORISR t836nnk6t th dFfErédigeva@gkpl ane 258 expander 260
using different storage interconnect architectures, such as SAS/ SATA and

Fi bre ChannB0371n¥ith thel dsmrlhgdtembOélmm@n%@mge uig, ek podisk Agveshkavingoer at i ons
described a ﬁ\él%nmo%.g%c'i%ﬁ F?rﬁgllf?cte?mggggmsgned‘?im nth%réﬂ)tslsZSjanﬁﬁ' 5?1 ?IG GQS' ngl e

storage enclosure use of ora uni'ts, suc
drives, havomipe bahl@faae éﬁﬁ bﬁt(mtmgehe orientatian efthe i |stoeage Lmtt(asﬁgély whm connect

archltectures h dlffer ph terface arrangenents, .e.

o T Tor ot " ainistith bR siss Shit i o MR Bined dhe dHeglor 267w bBOR TR mRissioist0” ang
expandefs 26R08hd tagka BIWxkBarRERMY @ RFBnt SHRRLY ihieR@nAdPhRBRectures,

i nt erconnect architectures having different transm ssion characteri stics,

e.g., link SpbéﬁSAé/ﬁdeh%@ Fibreriehannel] hyoneluding thecempanends arshperforthing ithe
encl osure canahl 6. é?efs ﬁﬂ’é‘d’aﬂ%&?nﬁPeshé&toﬁb?t? 354 %é%e,;ﬁgé{?{wﬁgg £rfaces for

di fferent storage Fercshnec tectures annel
SAS/ SATA. | ﬁ&agelmiélo@lre 950 Inayzlloatfersusa of *storaggttmtsaalch&i disk raieﬂveu;l haxgngrou nt ed
servers 312 312b and. orage encl osures 314a,, 314b. thf%ff?rsv f .each are

shown, but ‘3#9 { araee Inteptaptset b SloBEs freoppesh AR hitgceh V1 ysigAl ¢ he
rack meyp bejptepabdiiffgerhéhtd, RigS, BHGER! dmerRAMB and pin arrangements. The use of the

adaptor 280 and expander 260 on the enclosure backplane both supporting storage

interconnect architectures having different transmission characteristics, e.g., link speed
and data format, allows for communication with an enclosure capable of including in its
slots storage physical interfaces for different storage interconnect architectures, e.g., Fibre
25  Channel, SAS/SATA.
[0038] FIG. 9 illustrates a storage rack 310 including mounted servers 312a, 312b and
storage enclosures 314a, 314b. Only two of each are shown, but any number capable of
being accommodated by the layout of the rack may be included. In this example, each
server 312a, 312b is connected to each storage enclosure 314a, 314b. The storage
30 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.
15



server 312a, 312b is connected to each storage encl osure 314a, 314b. The
storage 30 enclosures 312a, 312b may include a backpl ane 258 as descri bed
with respect to FIGs. 6 and 7, and each server 312a, 312b nmay include an

adapt or 280 ﬁéfzgn%%&ﬁh ped with respect to FIGs. 2 and 7 t&{lﬁl@&‘%ﬁmﬁ or age
e a

units using di rent storage interconnect architectures require
different physical interfaces and have different transm ssi on '

characteristics. 2005/ 064482 PCT/ US20Q4/.04 ch orage encl osure
and server ﬁ%‘;‘sfcﬁﬁe&& OFFHFE"?‘%CEV%&%E’&‘}I“‘@&P E‘plte&g%qu‘i’ro‘iﬁ‘f 693 %‘Mé‘?rtl onal
connect i ons, i aPdonfiddBonsl0 i1l ustrates an alternative enbodi nent of an
adapt or 320 that nmaybe substituted for the adaptor 280 in FIG 7 connected

to the st orB)Qé9]e1ﬂG| (b@!llﬂémﬂwn Pigmative embodimentiof an adppior32p that maytby of ports
322, wh 324
nas ' pi v {RSEpRES hOKBEE 2GR 7 TR E P Shrm B RBE B RRRT S5

e.g., ars SSFQOl mdiihdés&)@ﬁraﬁt&(bﬁpox&@ﬂ whkreleaglepor&ﬁé)lhdessmlblar onk PH&y 824,380c, and

hat por t SNBGE captiATY 354 b 1B S a7 AUk IaYRE A anc B retog Tinkgp |
transport |ﬁ &8, 6‘?4&3 S@lﬁﬂﬁa@@@@a‘ﬂSTﬁﬁfﬁk%@f 33@3 §§ﬂ’thnk5}a-}%rt3'3@@§i?@£ Fibrayer

334c, and sport |ayer 334d. The PHY layer 326 and | ayer 328 in
the enmbodi n@hﬂrmdfPrFﬂOG?l ling 16})@;' ﬁﬁdmht&]leorb?p?és all the PG indlhrps ppmharayél 32a,

32b...32n a agert3he a{u? ﬁ%%rané %ftg%’egﬁ § [ Ié%%%‘ popt 15}%? 44, Fitde E&l%‘iﬁl gfot %01 4, and

54 to detec ansi o Bacteristl s an COrres ora
i nt er corhec334ar 1w tratspunt &ye:t Mmesfﬂdcsmandnspeﬂ ldybe3 3t e’EheeH-I!B’tIWeag% and

| ayer pr of ok e 308 1 BeprbesBen R Tor pdRes e peistarstare AU |

However, i nBiah@@”@ﬁgédaqﬂﬂ( lgfer '55@5 dekcritidlittPle§HeEHS P‘I@y@r 3,4, r&nH‘Sh td @t ports
may share the Tink |ayer, port layer and transport layérs, whereas in the

embodi ment @ trEns@issien cheracteristiusnd am¢$@m$t¢mgﬂ<mt&awm<a mbh@ia@hrepor t has

di
redundanty peRbsfbR b RRCLForgY Bidropt A et 0B RS0t
Descri bex edéaadinfeané Enlplagati p6toadlChiz.t SSB, TP SMP, Bibl:@@hahnsl Protoeoixd apd, or

interface to be used t mterfetace wi th devices usi ng different storage
i nt er f aces, Hpwever, efhsreage diment af HiGhempltigle HHY tayersie ultiple pertsymeshsre t he

storage int ﬁé iR et ?Srt ey B ﬁ{d%hsﬁ?ﬂay’lﬁ@ WHeMNGS [nAROLRBodimBHht &fﬁ@@dﬁo eddhl S

over cones t si t uaf wher e si ngl'e adaptor/controller, 25 such a SAS
devi ce, yPIﬂihSthas ippon tinks taucreegld eacit poTtlons ife own ot héstee eadiiraspeorh kyelsav e

di fferent st.on char. risti.Ccs suc ere an
adaptor supPEReT v i B orSFmpaikil, e sTEReSef M HoF her f ace

because2® uc$|A'aA adapt or cannot detect data

[0040] . Described embodiments provide architectures to allow a single adaptor interface
to be used to interface with devices using different storage interfaces, i.e., storage
interconnect architectures, where some of the storage interfaces use different and non-
overlapping link speeds. This overcomes the situation where a single adaptor/controller,

25  such a SAS device, may not support storage interconnect architectures that have different
transmission characteristics, such as is the case where an adaptor supporting SAS/SATA
may not support the Fibre Channel interface because such an adaptor cannot detect data
transmitted using the Fibre Channel interface (storage interconnect architecture) and thus
cannot load the necessary drivers in the operating system to support Fibre Channel.

30

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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transmtted using the Fibre Channel interface (storage interconnect
architecture) and thus cannot | oad the necessary drivers in the operating
systemto support Fibre Channel. 30 Additional Enbodi ment Details [0041] The
descri bed e may be inplenented as a nethod, ap r article
of manuf act trﬁ)(ggduglﬁn%aprograrrm ng and/ or engi neering tech%%ﬁ%g()%f/g“%ﬁoduce
software, 16 WD 2005/ 064482 PCT/ US2004/ 040418 fi rmare, har dwar e, or any

conbi nation thereof. The term rt|cI facg;ur Ci r gui
used her ei AITFESRES §ar@8a"§’%rtaé‘ﬁ’éowgl{‘ﬁ§l ?98@1 te’inbgarrEC Hgméﬂ%fﬁ‘ftéﬁ P har dvvare

logi ¢ (€. g«cir@fird 5P BEIn SES Y & sahRinha hife A8 BRI Anfpidnfenfidl i hialdRER) |
Appl i catlonCHSpecT%SSlg I nt egrat ed OSI’CUI tc AS| O, etcélg or a conputer

readabl e miefici(e g sapchtegmtodedrasit clnpgrggrgma@élem Ay €£GA), Akni’ﬂldatmnsk dri ves

floppy dis r {i etc. ,
vol atil e aﬁaéﬂﬁ%ﬁ@%ﬁ%ﬁ ﬁg&}reﬁ%lb %%SC%%gu&@a%%%& ﬁ&as%@g Vs,
DRAMs,  SRAMBrageinigtivii €e.g.plid dfskrﬂﬁbéseﬂbppgn disks,etape,)etc ogtical ﬁordgb €Cbonput er
readabl e mediumi s accessed ag[d execut ed rocgssor When _the code or

logic is eX&dds @atlw 1k etrcle ¥Qlatile ap Eorbwletaipmeyﬂ% Pces ke EuBEPROMSredi um
i ncl udi ng IR AMASSREMs, Afnv i, REQSRRRN 1bHaletE)XaCMeas t he
code | oade omt e medi um The’ code’in which preferred enbodi nents are
i mpl enent edlqmynpiltﬁIEMablbmedmnesgc@B@dtahd gwhtedaytarpmvssnoss%nn thectiode or from

a file server ove work. |n e Lt cle .0f ufgcture in
Shi ch'the 608 1§ erpRE Y Rrbirendy P EETqud PR CrE S RiRe B8, o
net wor Kot r 288d1ar964i08s el es tthfdbbﬁSzSthﬁﬂ’e?kB&msStﬁd: EdtlelEtled frof 6 @lediupt. OpRYat I Ng
t hrough 15 space, radio waves, .infrared signals, etc, Thus, the "article of

manuf act ur €0dsvayvhichhprefesred emhedimgrts ars impleptented mayfuthardeiagcessiblsdhronsh

Addi Ui 0nal tranbifiSsiofiolilo? 8 SERUEAE W3 nothRM, JARRE GiSeluaRRAOGE | on Of
har dwar e an sof tware components in e co e 'S , Pprocessed,
and execut esinufdttucoinrveech thh osde is kinplementedmai eorapriseal transmissiogmeda, suvht  nany
nodi fi cations this ,configuration hat the article of
ot herur 8° 350 BatiBiicn Tk, el Arn s on B il brren it o oy
[ 0042] 1Addispice/raliioywaved)enfex@pdigiels, efcHThus, &ivd agicnd ﬁﬁﬁ)dnuﬁtﬁirﬂeﬁaﬁad{nﬁlﬁe

i npl emented in _one or nore integrated circuits on the adaptor or on the

mot her boar dhe pediurgfin whichile ¢ads és srphadicdnividitionaliy the ‘aftideolpamifachsgn as
operati ”9 ‘Pﬁ g*l'oﬂl ﬁ?@&&é&ﬂﬁnatfoﬂ'@ﬁ&%%x% vand &%c&‘ﬁ or?eﬁ%%%'ichatﬂ?c&fe% ocol

engi nes. Phat 1 ve I npl enent at | ons, l'ayets nay be i1 nmplenented in a
manner di ffembedlbd tptmamsstimmd exéantedi ana(mrs;;, thdseslhllﬂklnlthg/mt wilhcbcogmide thaty er
protocol s rraa¥1y modif Lgnrge rgay emac{e%tthlsc A3 on ang%at fhie artlclt hF mgn%rféc | gyer

20 may comprise any information bearing medium known in the art.
[0042] Additionally, the expander, PHYs, and protocol engines may be implemented in
one or more integrated circuits on the adaptor or on the motherboard.
[0043] In the described embodiments, layers were shown as operating within specific
components, such as the expander and protocol engines. In alternative implementations,
25 layers may be implemented in a manner different than shown. For instance, the link layer
and link layer protocols may be implemented with the protocol engines or the port layer
may be implemented 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
30 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



may be inplenented in the expander. [0044] In the described enbodi nents, the
prot ocol engi nes each support multiple transport protocols. In alternative
enbodi ments, the protocol engines nay support different 30 transport

protocol s, L ander 40 woul d direct conmunication rticular
iyfl%at 9?)@?)? gg%ﬁsz‘?ﬂgﬁgjﬂ In the

protocol to ocol supporting the determ ned prot
descri bed enbodi nents, transmtted information is received at an adaptor

card froma renote,device over a gconpnection. In alternatjve enbodi nents, the
Cransm t 1 edid Epoipd 6 REPSCS5RS Y 189 FDSPBL BARLaco! LYGr Sreledics SHVE TSI Bhat | on

processed bycelvdg flohiPspefate RbQLPSHRLutid)E the®amd @¥mpetefin WillEh TRMetige T ecei ved
froma separate process executing in the sanme conputer in which the device

driver and driverrssg drensportqreioed! dhivenexecuikecut e. [0046] In certain

i npl enent at} 1ok Vi I i 5 may be
T e SO 06 B R R R SRR T
SCSI, Redutmydmetinohidedyin aicomnpatepssidanincliiag a ffdfdgP)contedlier, suctoata 8CSler, t hat

manages acgess o non- vol atil e.or,. v tile starage device, such as a
Tagnet o dieRuean Srrey Shipdehegnen Dk RAIDR ol SeiSled Wopcriahogtastiss

i mpl enent atjbRRSlatile? VORI dta@d@RIce! suBIROMABIEIS dERVIrNE, tapetabdisleftitdl a
system that does not include a storage controller, such as certain hubs and
10 swi t cheglisk] §o4ln altematize ireplemenigioapdhe eatveorkadaptheerabrsdbnents may bbe
configured:. [ i LQsS: QRR t an it he
adaptor. | rllﬁcﬁ)lﬁ&refj ?\tgg Eg'estrt‘rqonggllta?r%%? 3?91??113&%%%{%?grrayﬂgltéglgcgc?(r‘gifc %ﬁ?é%bstagdt ransmt
dat a adoosswittlesed paths on a printed circuit board. Alternatively, the

adaptor e di ts may. be configured o transmt data over a wreless
net wor k omﬁsﬂﬁEﬁ@%@%ﬁnﬁf@@mo%ﬁﬁﬁaée@r By b tpér,anfrwéw%t@ 8F1a%e

i nterfaces ,34pPesAREteBYo 4 Péit 84 8RRk or, IR FR{HeS b Airhénts IASCadipthr Raye Channel .
I n addi tional enbodi nents, other storage interfaces nmay be supported.

Addi t i onal legnfigunes tadrapsroit dete gcrdsssaichied pathaien & priped cireyt baaed. t Altemativalys por t
protocol s, .£. .0, . br n r ot | JR. and SMP, I n further 20

i npl enent atﬂl?eo"r(rgligl,)t§f3%:1)mebAaii aﬁ'ﬁ%r aﬁ@f/%én&lﬁ oardﬁ8 3‘8%%“5? %a %Svﬁrrag}'\lgeﬁ%sF { etﬁvrogf dcol s used
for tridnswbmkectisis Wi th the supported storage interfaces. The supported

char act er 1 00468 desgFed tparams. I i sscuadacn dpnarird B BReOR@B ocol
I nfor mat i oRoinBeddERdr AMIAR Ad¥Fible®hamel S itiditional ddodinh s, BIEP4t6ke
interfaces may have different physical configurations, i.e., the arrangenent
and nunber in¢rfags pian be sumpoved eKdﬁiviﬁﬁ)@ﬂEdhe adaptor avan desstibedas snpeattingie di f f er ent
supported giorage 1oL SISOES: SSP, Fibre Channel Protocol, STP, and SMP. In further
20  implementations, the adaptor may support additional transport protocols used for
transmissions with the supported storage interfaces. The supported storage interfaces may
transmit using different transmission characteristics, e.g., different link speeds and
different protocol information included with the transmission. Further, the physical
interfaces may have different physical configurations, i.e., the arrangement and number of
25 pins and other physical interconnectors, when the different supported storage interconnect
architectures use different physical configurations.
[0049] The adaptor 12 may be implemented on a network card, such as a Peripheral
Component Interconnect (PCI) card or some other I/O card, or on integrated circuit
components mounted on a system motherboard or backplane.
30  [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.
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architectures use different physical configurations. [0049] The adaptor 12
may be inplenented on a network card, such as a Peripheral Conponent
I nterconnect (PCl) card or sonme other 1/O card, or on integrated circuit

conmponent s b &9 @ system not herboard or backpl ane. éﬂo %2 4? L

descri bed enbodi ments, the interfaces in the slot ext end? &6 9%41§/ert|cal
| ength of the sl ot and are in a parallel orientation with respect to each
other. In alternati enbodi ments, the two |nterfi’;\ces may be oriented in

di fferent Wagkeryipg IFI%%%%Plefnen@a@ﬁ mase hap tweyRbystre! wisfacerapanbs wWgluded ¢ he

cor r espondinge LBt RF fh%Qﬁffél@nttﬂ?@toéélQE@?Grtm}lthélﬁ&a%m@' 18 WD 20051064482
PCT/ US2004/ 040418 Further, In ad onal i npl enent atl ons nore than two

physi cal i f05LF a‘d;lesllus'agteb@glm@ﬂﬁlﬂed 4 andtSFEéo‘yICGttalﬂ@Vertthecoclmrfgen@Ncrtqan ot ocol s

suoport &4 el 5 AR 05 o6 bR O e & " °

embodi NNt grdef; Q{ddiﬂdd c@@aﬁ@sxeldo Mors@ér, Rperptidsaayee dddeditotthé Atssvedbschibed der
nodi fied or renopved operations may_be added to the above

descri bed l9ggand salrl.a%fprm rfo @Sﬁff‘%‘ﬂhﬁ‘q embodamerds Furthergonesaiions Agssribed hergiR her |
oper ations nﬁg%eaﬁ 9@@%&%5'& cefRy oﬁ&&wns SRYBEBEdclsky iPParfIfi ! ?let%ﬁﬂé%r ati ons

may be processed In para . Yet” further; Operations may e performed by a
si ngl e pr oopsatiang mayiibe ponfomyeddnyamnghmpregbsgngums of biyydistwibirted propassmo52) FI G
11 illustrat. gss one inplenmentation of a conputer architecture 400 of the

st orage entl'¥sures and servers in FIGs. 6 and 8. The architecture 400 may

includeoa [@S2LERE0N1 ARBtrites Gne impleentatipli OLLSEOuker adchilRoMey400QFtHee. 9., a
vol atile nmenory device), . and storage 40 a non-vol atil e storage

such as ma§Reer enca‘?sgwsapii va¥ers ghkiGsaf ang Ssk&h?i?licb’é ceturg 400 By #peluds 2 etc. ). The
storage 40 ro@?s\é%l e@RE S& nﬁ@rogf&:@srﬁﬁsa rﬁ&rﬁ&‘gg@Mé@Q‘ | §GoRfilede atvigghed or

net wor k accessi st 6rage rogra In the storage 406 are foaded into the
menory 404amhsforageedlft(ed., mynontvelghitaxteragn such@g magnetlcrrhskwrvek,mw:mhdrskt he art.

The archi tecturg egl_ritehe{ igﬁ utdes gﬁ adapt or . asand SC 1t%erd ea%

respect t o fex? BRE FiYG, oted, Afp SOKER 36 may Sompristian Higthal §pTag Vt‘cﬁoéﬁnend
devi cel5Sueitchsd 6 métvedek dedesibleswedpe) Proghiins idlitifcsicragel406cae loated iafo thbie devi ces
may have nultiple network cards. An input device 410 is 20 used to provide

user i nput UF@OEM@WB@E%%’&?“deep@ﬁﬁswzmh%mﬂ%ﬁf@RWHb@P& nmo¥se, pen-
styl us, m&rc %@m@%@mﬁ ddb rz%'&mrﬁ)xd%v%%m&éepegmzsF%qu%ct'Vat' on

or input anl sm known |n e art. An output devic i s capabl e of
renderi ng bnabbrarmntdn-potm a@mmmcm\dltﬁ amdtdemcp,rsudem)msudﬁye assengtilheAs

conponent, dlssclzju%sed ceréun ofstﬁe il rr]rllaty%aNIe I?luftlpfe networls(tcgrrdgggh in ?devwe 410 is

20  used to provide user input to the processor 402, and may include a keyboard, mouse, pen-
stylus, microphone, touch sensitive display screen, or any other activation or input
mechanism known in the art. An output device 412 is capable of rendering information
transmitted from the processor 402, or other component, such as a display monitor, printer,
storage, etc.

25 [0053] The foregoing description of various embodiments has been presented for the
purposes of illustration and description. It is not intended to be exhaustive or to limit the
embodiments to the precise form disclosed. Many modifications and variations are

possible in light of the above teaching
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25 [ 00531 The foregoi ng description of various enbodi nents has been
presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt the enbodinents to the precise form
di scl osed. Many nodifications and variations are possible in |light of the
above teaching 19 WHAT IS CLAIMED I'S: 1. A storage enclosure for interfacing
wWth storage units and an external device, conprising: a backplane; at
| east one slot in the storage enclosure for receiving one storage unit; two
physical interfaces on the backplane for at |east one slot, wherein one
storage UWHATIES €2 MMEDAS: hejng positioned in the slot to mate with one of
the two physical interfaces for the slot, wherein each physical interface
supports different storage interconnect architecture; and an expander on
t he backpllane coupkad d¢noloauel for ahtetfycind withestedage snindnd e exsdnel nkevicedevi ce,
wherein the expander includes circuitry to perform receiving a transm ssion
from one SCBIPHFB8unit in one slot coupled to the expander; maintaining
information on ;YakRASR; i Nterconnect architectures and transm ssion
characteristics used for the storage interconnect architectures, wherein the
storage i nter @leagone slotin thestorage sndlesuee for seivingsing stogdggruatit eri sti cs;
determning th ransin $si h terhstli cej 1.SSi on;
determning f rgvr#)tp ﬁgségrll?nﬁ‘!r:r%}fe %:8'?1[Eht%ﬁbeagl{sd[l%nreaféiatﬁ%ﬁ%&%o%ﬁtéS}P}g%ir}'cﬁefs 2"3 fre
associ at edinil ishcapatie ofldeignpatétibned amsie slst e makawiht aei st the twougliysigalt he
i nformation on thgﬁd&;eﬁnined st orage 'nte{qonnect archits&%ure to process
d

the transHEEpess getleh mivhreein eachnBiwsical |iatpeRce SpPRoFE fidesny otprage

transm ssi;QRrcondieshitechBerfdl S one transport |ayer for each supported
transport protocol; and forwarding the transm ssion to the determn ned

transport | ayeran eXparfieeos ther zagkplemctapleddo efplahbiymfihe shtsrapidrthe ergemialf f er ent
st or age iqierco nect archh}ectgres.su5§$rtegng,the physi cal interfaces

have diff el Y eéﬂgmeseé‘ip% ergﬁng%flécru fods The storage encl osure of
claim 1, whereirgcelvigy tavrapdiyissiedlfromdtopef as@ge iunitt e ofit aliet cdipwd € kHeer ent

physi cal configurations. 20

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 characteristics of the received transmission;
determining from the information the storage interconnect architecture associated with
the determined transmission characteristics;

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.
2. The storage enclosure of claim 1, wherein the different storage interconnect
architectures supported by the physical interfaces have different transmission

characteristics.

3. The storage enclosure of claim 1, wherein the two physical interfaces in the slots

have different physical configurations.
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4. The storage enclosure of 1, wherein the physical interfaces each extend
along a vertical length of the slot and are parallel to each other. 5. The
storage encl osure of claim1l, wherein an external device is in conmmunication
with the storage enclosure and accesses the storage units in the slots of
the storage enclosure, wherein the external device is capable of accessing
storage unit assenblies wusing different storage interconnect architectures
t hrough an expander. 6. The storage encl osure of claim5, further
conprisin%:la nmul ti drop connection having a first end in comunication with
a

g A TS
the exterfal d&%q geragngnclasiseebhdWaFrain HE PAY SR SNETHSP Sach BUeikdpRt?
| nterfaceged;ify ONGethPt - of . HE SHBE A0EnENChRSUMSarflfel € 30 M Lacihep@bn) the

supported storage Interconnect architectures conprise SATA, SAS, and Fibre
Channel and wherein the supported transport protocols conprise SSP, Fibre
Channel Protocql, STP, S a SATA. . 8. The storage enclosure.of. claim1l,
wherein | & therd pbee gRHm L ahsRingb SR RiEs TR ARG Sk Sas
storage i RitArBORMREde ectdiufeetid heeRd tiRNGORGE UNRYShaRd sldtbERRAGBragonl i es
with the Fibre Channel storage interconnect architecture. 9. A system

i nt erfaci AeFlefuten Wheringe exiemal devinepisicapabde of ageesting stqeage g assasnblige
encl osure, ..conpk:ksi.Ng: L). a: e; (] I ne, sl | he

st orage ehe su(glgfg'lfegg rséé:r%%evi ﬁg@%ﬁ@l‘% orzgéﬁel{%trﬁs; ﬁ«gﬁgfi i |n) 1(:g \%\Bdngﬁélsi cal
interfaces on the backplane for at | east one slot, wherein a storage unit
IS capablg of ?eing@gosiﬁione inthe slot to.mate with one of the two
physi cal 9 nt ef f&% gicisHe ojcm f PP 8physi cal interface supports

di ff erent ; i @ES corlnBERICIRATHECS fiAf &l QBHM@Poatibi vithithe BasthaRigahyer,
conprising: (i) an adaptor coupled to the storage enclosure; (ii) receiving

dat a forwasetedd andiinrd lfadseoplegdo thedwosnierfachaikqealnd; and 21 (iii) circuitry
to determ ne one of a plurality of storage interconnect architectures to
process the data, wherein the server adaptor supports mnultiple storage

i nterconngct @K Blotapet dhcRSureadttclbien 1amvherepa e supportédsobpekipletdvanat t he
storage enc| osure coupl.ed to the slots and coupled to at | east one server

that accedSBéccliies spBPHYe Sy 3eitl Fa¥e feiapncl ind pewintle syprorted st orage
encl osuretrawgs& rBrokdls QBIPRE 5P, ARRPEfarfibl PRRESHT 89pS SRARIM-ATR, USI NG
different storade iIntercorinect architectures through the exXpander, and
wherein the

8. The storage enclosure of claim 1, 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.

9. A system interfacing with storage units, comprising:

(a) at least one storage enclosure, comprising:

(i) a backplane;

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

(iiif) 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 storage
interconnect architectures;

(b) at least one server, comprising:

(i) an adaptor coupled to the storage enclosure;

(i) receiving data forwarded from the storage enclosure backplane; and
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expander includes circuitry to perform (i) receiving a transm ssion from
one storage unit in one slot coupled to the expander in response to a
request fromone server; (ii) maintaining informtion on storage

i nterconnect architectures and transm ssion characteristics for the storage
i nterconnect architectures, wherein the storage interconnect architectures
have different transm ssion characteristics; (iii) determ ning transm ssion
characteristics of the received transm ssion; (iv) determ ning fromthe
information the storage interconnect architecture associated with the

det er mi ned tr afishtissitontocdeeradneeonesdfi acgyrality) ofistdrage intrecammedraneiiteetiresn t he
det er m ne storag(g |nter onnect archlte ture t§ t"f g Sg themerr%n%m ssion to
det er mi ne CaRTSERIrAS 3¢ WREECH} Jis, SR 2@ ?r PUPPRES fTURIR SR8 M |

f orwar di ngrchitetéad;and 0 a connection associated with the determ ned target
devi ce address. 10. The systemof claim9, wherein the stor age i nt er connect
archit ectures @Bb@?‘ﬂ?@éeﬁwth? heckplage aé@eél?%*!&?seﬂ?'@ﬂ&ﬁﬁo‘&ﬂ?d/@rt adlapEsd have

di fferent i wherein
the two pROSTCD & ReAyEABHRCLEL NakiEEhe shiaee THG, SYTNTR Myl G o

conf i gur abf drsstorageencldseres ydierein dfe sehar i Gpablbhef @ccessing isﬂmea@hmuts usioge

physi cal r}% erface conplies with .the SA%A/ S@S storagc? i nt er connec

Brehi tect BRIt orARR HUFTCORYS] lfhiterioess 1 EuE hE1 PPaidey; eRA PKRFTEPBINE  Channel
storage i giRha&NAQGdesirelir @Shafdm: 22 13. The system of claim9, wherein
the servers and storage enclosures are nmounted in_ a rack, and wherein for
at |east one sfibrresgiving el trangmessionhfzomxqnariierege sndstanet fotnerupledl i@ theer ver s
and for e aptor connects to nmultiple storage
encl osur etexllal ﬁér 12\9&6 'feﬁéllg%%qgg{lgré)ﬁlnénee&epﬁgst orage units, conprising: (a) at
| east one stordpe renaladsng einfeanpion siong:stdrage amteacdnpbanea,rcl(mectpreat anéast one
slot in the storage enclosure for receiving one storage unit; and (iii) two
physi cal FAREMFSIME afmtemfé%bfaabﬁ|S%9ﬁaegef1@r:rcaﬁn%%r§‘elteawéess pETeir e PiOrage o
storage URirchiheCERaHBRSs nRGd ('ﬁgfeféﬂﬁrﬁdsﬁlrk%g)n HRalBeriglgt to mate with one of
the two physical 1nterfaces for the slot, wherein each physical interface
supports di ffe(mhdet@momaggansnnsmrcdmmmﬂsmscmthea@cm@btranam@ssnon

(iv) determining from the information the storage interconnect architecture
associated with the determined transmission characteristics;

(v) using the information on the determined storage interconnect architecture to
process the transmission to determine an address of a target device for the transmission
and

(vi) forwarding the data to a connection associated with the determined target

device address.

10.  The system of claim 9, wherein the storage interconnect architectures supported in

the storage enclosure and server adaptor have different transmission characteristics.

11.  The system of claim 9, wherein the two physical interfaces in the slots have

different physical configurations.
12, The system of claim 9, 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,
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(b) at |east one server, conprising: (i) an adaptor coupled to the storage
enclosure; (ii) receiving data forwarded fromthe storage encl osure

backpl ane; and (iii) circuitry to determ ne one of a plurality of storage

i nterconnect architectures to process the data, wherein the server adaptor
supports multiple storage interconnect architectures; and (iv) server
adaptor circuitry to perform receiving a transm ssion fromone storage unit
in the storage enclosure; maintaining information on storage interconnect
architectures and transm ssion characteristics for the storage interconnect
ar chi t ect UBes, Thheystimof ¢dlaims®,ovlegein thetssrverand storagerenhioseres aneasountpdan

different _transmssion characteristics; determnin transm.ssi

char act er £4% cargfwﬁ?{gmrféﬁg @%Sg OH%Ptgfagﬁg?‘g?sfﬁr%irErllege ggn?rtcﬁlénelcrggft8rmn%{}§) lgn t he
storage i Béreérs QinBeol aANedt tonetsdrver,athe aeihvat edapted tonrdebs tdein@ltipldedrage

transm ssion characteristic; using the information on the determ ned storage
i nt er conn€RYOHFShi tecture to process the transnission and deternine a
transport |ayer for the received transm ssion, wherein there is one
transport |ayer for each supported transport protocol; and forwarding the
transm ssilén t 4 sybtemdetegfacmgeithistoaapspits, compasingand 23 (c) an expander on

t he backpl ane @gugled to the slots and cougLed to at | east one server that
accesses the siBARGESQRT $OREE ERTPTUES CHRPRWS n the slots of the storage

encl osure, whe(ighBadkBRnserver is capable of accessing storage units using
different storage interconnect architectures through the expander. 15. The
syst em of cl ai fH)B4leasitpae siohin the stoeage enclesyempion receivingtiae stoegenidésanda plural ity
of protocol engi. i.n | & t he poLt ,
wherein  the ortibore FSHsd RBRldsqh, B bicRplind for ARG HBKE B e

t ransport sfoeage funft iy dapatsle opBin®positioned Jn helsbeta mate ovith @ik of e tployphgdicdly of

prot ocol engi.nes;. (ij) forwarding the transm ssion to the sel ected protocol
engi ne, WHHFECHS tfAke the st pfsesin t525h sRhapieal iyerface nsupRarts &fildreRly SY9F8F o c ol

engi ne pr gaessfiRct dehidalutes; 4 A systeminterfacing with storage units,
conprising: (a) at |east one storage enclosure, conprising: (i) a
backpl ane; (iiib)at lehssane seymer, edroprising: t he st orage encl osure for receiving one

storage unit; ‘a?gn adaptor coupled to the storage enclosure;

(ii) receiving data forwarded from the storage enclosure backplane; and

(iii) circuitry to determine one of a plurality of storage interconnect architectures
to process the data, wherein the server adaptor supports multiple storage interconnect
architectures; and

(iv) server adaptor 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; and
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(iii) two physical interfaces on the backplane for at |east 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, and wherein each
physical interface supports different storage interconnect architectures;
(b) at |east one server, conprising: (i) an adaptor coupled to the storage
enclosure; (ii) receiving data forwarded fromthe storage encl osure

backpl ane; and (iii) circuitry to determ ne one of a plurality of storage

i nterconnect architectures to process the data, wherein the server adaptor
supports nul ti pl)anskpandgeon tHedrackplarecdoupled chibeabdts ambscouptedrteian lehsteonst or age

encl osure further includes a nultidrop connectiqn, havi a _first end in
comuni caf¥¥F et W"?%éessg‘tengraéﬁdm& %Sé‘é‘BhléFSaWﬁteghﬁnr ee%@ e €9r488 the two

i nter f acegnd|BsuPevhetedt thedérver is capable of accessing storage units using different storage

interconnect architectures through the expander.

15.  The system of claim 14, wherein the server adaptor further includes:
a plurality of protocol engines each supporting multiple of the transport layers, wherein
the circuitry for forwarding the transmission to the determined transport layer further
performs:

(i) selecting one of the plurality of protocol engines;

(ii) forwarding the transmission to the selected protocol engine, wherein the

determined transport layer in the selected protocol engine processes the data.

16. A system interfacing with storage units, comprising:

(a) at least one storage enclosure, comprising:

(i) a backplane;

(i1) 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, and wherein each physical interface supports different storage
interconnect architectures;

(b) at least one server, comprising:

(i) an adaptor coupled to the storage enclosure;

(i1) receiving data forwarded from the storage enclosure backplane; and

(iit) circuitry to determine one of a plurality of storage interconnect architectures
to process the data, wherein the server adaptor supports multiple storage interconnect
architectures;

wherein the storage enclosure further includes a multidrop connection having a
first end in communication with the server and a second and third ends coupled to the two

interfaces in one slot.
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