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provi ding a conn%&‘f °§)‘He %‘?’?Wéﬂegﬁg’ g\lz%ﬂgggné) %etdfwf%ﬁton%&@%l?eﬁgﬁng

i nterconnected pEwWighes providing connections to nmultiple end devices. In

t he SAS/ SATA architecture, a SAS port is conprised of one or nore SAS PHYs,
where eHth SAS PHY interfaces a physical layer, i.e., the physical
interface or connection, and a SASgdjiBkgRexf§phaving nmultiple protocol |ink
| ayer. Commruni cati ons fromthe SAS'PHYS Th a port are processed 30 by the
transport lhyer Fifldr that port. There is one transport |ayer for each SAS

ort. A gl aftskl it inpo il BRRpER Sibm, T prd BB rslio e

used to |ntlﬁﬁlﬁp]@entbﬁadegheistdfa‘geemosafw a physical interface. Further
det ai | 5150n the SAS architecture for devices and expanders is descri bed

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 PHYSs, 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 PHY's 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
1
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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



2 WD 2005/ 064482 PCT/ US2004/ 040418 [0005] Referring now to the drawi ngs in
which |ike reference nunbers represent corresponding parts throughout:
FIGs. 1 and 2 illustrate a system and adaptor in accordance with

enbodi nent s wo Fo€aec4482, 4, and 5 illustrate operations i nmpcerospdoedsoisrs t he
adaptor of FIGs. 1 and 2; 5 FIG 6 illustrates a perspective view of a
storage enclosure in accordance with enbodinents; FIG 7 illustrates a

storage encipggs)’ € RRREHEY MW toARE dAWREEHE Which ke dfe® Bt fimbeRs repfesétdance with
enbodi nment sli;0 %G 8 illustrates an expander PHY in accor dangg W th

enbodi nment scorregporfing ports threugheut es a front view of a rack including storage
encl osures and r s 44 ] L JTBHCS with Il l.ustrates
an adapt or that Sﬁng‘% %‘duj;lgaaﬁw?f%g?%g?gﬁogrdg%tgp@%r%er |§“E@CS% b?Jd?ﬂrll(!:dt%‘}lccordance
wi t h enbodi ment FIGarsj 4Fin@. 5 illiistrdtd opsratimne fnslgraersed indhgpadaptirof FIGY. 1mag 2pe used

wi th the descri enbodi nents. DETALLED DESCRI PTI ON [ 0006] I.n the
fol | owi Mg descr ﬁﬁfd’r Bﬁ,ﬁlsF%tF%? B‘?’f?ﬁfcﬁge YEY &' £ §'°ragE eﬁ@ﬁ%‘ﬁ%%ﬂ?kwg%‘gﬂé%&r]gs whi ch
forma partediyigadnt@and which illustrate several enbodinents. It is
understood that 20 other enbodi ments nay be utilized and structural and

operational charf€s7 Hhitrates wretgrage SRApsFa hankplans and gftachsd stosps sereRIC onnect
Archi t ect ur&§0§d%c?%ég%g{merﬁsooo7] FIG 1 illustrates a conputing

envi ronnment 1'n I ment's may be inpl emented. A host system 2
i ncl udes one or KiGr 2ilustrstesidn qrpendes PHYginancdrdancERtith embpginfentd; y one i s

shown),. a vol ati 6, ~hon-vol atile.storage 8, an,operating system 10,
and oné%r nore ﬂ&&agﬁg‘\gé%i% o:i%ev\mf %Wcﬁglch{ éﬂg%sgor %,tgﬁ%ogﬁrels ﬁ’fcié'f‘c?‘é‘eé el to
connect W tfacordhitewittintddithei@s directly in a point-to-point connection or
indirectly thro(%&h one or nore expanders, one Qr nore switches in a fabric

or one or nore daGi teidluptratesanadapter thatanay broysed Wath the siprageseryet B FIE7dm 16

further exe&P&g&cie% Mifken®?dnd S capable of transmitting to 30 and
receiving infornation fromthe’target device through one of the physical

interfaces in tHG. hdidlustoates systam coRiponekitethatosay 1% ysagd Withrile deseribedy conputi ng
devi ce ]{gnown ig.th art, such as a mainfrane, server, personal conputer,
wor kst a ione,m'?0 B?e $ handhel d conputer, telephony device, network

appl iance, virtualization device, storage controller, etc.

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  andreceiving 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.
3



3 WD 2005/ 064482 PCT/ US2004/ 040418 Various CPUs 4 and operating system 10
known in the art maybe used. Prograns and data in nenory 6 nay be swapped
into storage 8 as part of nenory nanagement operations. [0008] The
operati ng s syss/dddagrey | oad a device driver 20a, 20b, 20eTfugboosasigpr ot oco
5 supported in the adaptor 12a, 12b to enable comrunication with a device
communi cating wusing the supported protocol and also |oad a bus driver 24,

such as a Rerli t: ' c |l e
conmuni cati\g??o\%mglgﬁﬁ§4%g%§%sg%ﬁgﬁg{r ge?‘gﬁlflgﬁ(%%%é?&ﬁ{eg? ?gggagrggﬁaéescri bed
i n the publdaesihintemdrP6lmdydecswabpes] inf@estarage. &84s, partmiemane thapggemeat PCl - SI G The
operating system 10 may | oad device drivers 20a, 20b, 10 20c supported by

t he adapt or®CH®H9DS. 121 upon detecting the presence of the adaptors 12a, 12b,
whi ch may qoee8) GUEopaatiny dys@il Kahipoa®s debieadiealbs) 206,800 fascatnprotasE Wit h
pl ug-and- play device initialization. In the ,en‘podi,mt of FIG 1, the

oper ati iy yepatedinthesdaptor 123 b tgentie spmmunicationgyith adevicsrommglcatiog.  For
| nst ance, tlﬂﬁigqgé/élﬁ)s?lgéd p%rlﬁfr??olzaga’alsg@&d 28 fdﬁvam@s&a%arwﬁneﬁﬁs SATA, and

Fi bre Channel “poin storage interfaces, 1.e., 15 interconnect

ar chi t ect ur@smpoheuti Infecsvahecd (PERp iterfage)tp erably ¢oramunicatipniydth pbusek. bBwthér on t he

nunmber of devi.ce jvers the adaptor 12 ort. F ol lustrates
an enbodi néﬁ%laﬂﬁf’fgégﬁ’?%facife c@ﬁ’%@ﬁ&?ﬁtée B%Eﬁl@e%qg‘%g%glﬂpl{sbir{% Zha, 12b. Each
adapt or i ngjubHéfed dyRhd P@I-SIG, THe dpeiSihg stenn 1 Brkated dddize ddddrs 2053Q0b, Whi ch

may include the transmtter and receiver circuitry and ofher conn? tion
har dwarl®. T9& sprpogteq b ¢he adaptows Raclkebprgn derciingthe Bresenst plthe adapiue 14%:a cabl es

or a path et : ' | | tinted
cireurt boary Schihag Bbl s okl (Rghenil, 3 L0 e yRl phuly T
30b. .. 30n nday qeviceiinitialiFatiber Brthe phadiment of F1@y I, diweapefating sykitdrh @0 doads devi ce

connecti on such as .one physiqal,4nterfiace 30a, .30 .30 ting
to a SAS/ Szjﬁﬁe Blécg?cc?zd%‘ﬂﬂe %h%f%éeb?’ 2|drlft %(? ace 1r%sgalpc% R g’ %‘gﬁ’fﬁ%’a’?@@r@% Each
gfznt/)si cgl2 25néyr1]¢uppéxa&re %ﬁ&sﬁ@h?) an% Bibee Gbanl nbl@oﬁlgu@lpﬁg\; Etﬁrage ZBithdoas/,e.g.,32?,

...32n wi thin expander 4.  The PHY | ayer. 32a, ovi.des, for an
encodi ng sdﬂ'@??@?n%c&é‘}‘ih‘é%cuﬁﬁglO%‘}dlttl‘l?a{:?rrfﬁwg‘?/‘gf’@e yers ngﬁa)eioaglpggﬁqeﬁgn the
mechani sm ﬁ%@rm@io@raﬁ%&gﬂ{eoﬁgptbpp&l{pg@,@, The PHY layer 32a, 32b...32n

| el

woul d include a serial-to-para converter to performthe serial-to-

paral | el cdf0 $l6n2 dhetrathearrimbadinaent af adaptee 121wekioh Mgy demprisertbie pdapiartle t he
data cl ock ﬁtr: 178084 e%déﬂﬁpﬁ'cﬁgesd%éllﬁra' téﬁ,ﬁgﬁ% 'irﬁl:ﬁ“&cgé g@i ?hﬁ.?.aglgg{h\ég ter to

use when pertormmng t conversi recerve e 12 in a
serial f or mady indlade the tansmvieet @ redeivien eircuitry and other connection hardware. 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



SAS PHY | ayer 32a, 32b...32n to the parallel format for transm ssion wthin
the adaptor 12. The SAS PHY | ayer 32a, 32b...32n further provides for error
detection, bit shift and 4 WD 2005/ 064482 PCT/ US2004/ 040418 anplitude
reduction, avol2dpbressasrt - of - band (OOB) signaling to establ ipghngdoodpsuasat i onal
link w th another SAS PHY in another device. The terminterface may refer

to the physical interface or the interface perform ng operations on the
received daa%@al’ L ERAbE And the Jut-bE VAL Isigh@fidh tostaBi EatibRAY 1thRY er
32a, 32b... nlln{mtjrrt@#ﬁl%rI)p’er?orergé1 tﬁeél{sdégg r?leégotiatoi Sn vvlghtoahl Jra%e PHY in the

ext ernal dewitcanothea SASIRHY fryandhien devicea diyottsm interfacemey refer ta teaphysicatent s, t he
PHY | ayer 32 32b.....32Nn e _progra t n Lation and
detection t efqé?eelnfer%?%ﬁeggoo sngtog’gﬁggn% 3)[11| tﬁ% é’%‘ R’?/%éagilr%r%le%rg&g#% er ent

t ransm ssi aircsipgestbotiizor i nstance, SATA and SAS transmi ssions can be

det ect ed because the re transmite t 10 speeds of 1.5 gigahertz (GHz)
and 3 Gﬁz a[ﬁ?il iTB‘F@}élgﬁﬁézat ?&13%"3‘2‘#@%@%&“‘%&5‘3 w@éefwagﬁ%wﬁé@ they are
transm tt ey inlth® Efernd Hovick: tlafSmiHiify dotdd aflaptor (31an BRLAABodiekts, the

transm ssion speeds nmay be different” for certain storage interfaces, the PHY
| ayer 32a, PHSDMyer 32an32imy3%emey be prograzgesd taelew speed negetiatign and defecsion | i nk

ds b . o . f . ' Foge
Pt or t aces R~ cdl Rl B GERREE I A Shod SRl IR o s
and SATA, rimgtarice, 87T ind S AShengnaissohs cak be petected bevduseithgyoart transmmittedatt r anspor t

protocals. If st e inte es. trgnsm.t. at sa | i nk .speed he he
i 1 aglsr geedS oBh S Hasbve (R Rae b R o il Bl FantroioBrabe et o of
transm tti ngeaike thf aafRsmRREAt PY6GHY IR 5Tz, Bhd A3 Gl OBedaléd ik t O
determ ne the storage interface and protocol, where the link protocol

defi nes t hdrapsaissien enceds mayg bedifferpat fop cerfaimsipiage intgrfaces el dpyehdisd and

transm ssi d r : | ts : rotocol can
be disti ng%?gﬁggﬂrrl%l? déflelrcgls'télgg%%%ﬁrra%stﬂrag% %ﬁgeg?ngrllﬁgséégg‘%w&‘&?ﬂa@gg by their
use of t he ifoBnatiogoalspedds fierdifferentstarhge, intstfades.aElowevdry eeri@hadiffedenthborages  use

t he signal.. Fibre ne AS and SATA all haye . a faur . byte primtive.
The or i t HOEiSP SRRSO B DA gt rama o e a8 1ok dpocds and SPPED (he 25
SATA prim tchitehohRdh§pdiesotokalS. B storapeshitedscet Benshiif &ta sRink @inRkpdedSth&fgeand

Fibre Channel primtive indicates "K28.5". The SAS and Fi bre Channel
prini ti ves FERhlaper 3rsidbngiinsmasdistingyish apang plerags inteniacepeanahié ofiext t hree

bytes of thelr .ari .\ ' | : e
primtives t&gggnm%gig{%ieﬂ St%?)1 eé%gtdﬁ]?gcggs ﬂé Ev{regjteéﬁnisL%efgggaq‘ggé&mg&%&@i bre
Channel pr ctooageliserfawtcint ipootedol,ywheds thé Einle piotaeb] ddfimepthetcharatteristesiofthas SAS and
Fi bre

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.



30 Channel have different handshaking protocols. Thus, the handshaki ng

prot ocol being used by the device transmitting the information can be used
to distinguish the storage connect interface being used. 5 WO 2005/ 064482
PCT/ US2004/ G®46b80¢4962121 The PHY | ayer 32a, 32b...32n forpeangsodsfossig ane to
the link layer 36 in the expander 34. The link layer 36 may maintain a set
of elenents for each protocol supported by a port, such as a Serial SCSI
Prot ocol ( I p ar§s°-‘!ﬂ nel i ng
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[00131 A tr ort _proto Qvi
handshaki ng%hﬁ%}ggé urgﬂseﬁsed % eﬁer toﬁ%l cgmgg%esg?é%%ﬁ&?a errfﬁor %hggdefl ned
by an i nduahfoy:nﬁicﬁhﬁfhﬁmﬂxtted%mamm C.%ﬁlel Béiﬁée inftérface. Daannal be @itnunidaced

transport l|ayer and protQqc may Cco
P 20  inTframes, packets, pr(i)mgcwes of any 0 er data transmission format known in the art. A

tranéport 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] Bach 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



those transport protocols described herein and others known in the art. The
prot ocol 30 engi ne 42a, 42b conprises the hardware and/or software that

i npl ements different transport protocols to provide transport |ayer
functional i &b 3008/06didaf er ent protocols. [00141 Each pr ot ogelrusb@yopsala, 42b
I s capabl e of perform ng protocol related operations for all the protocols
supported by the adaptor 12. Alternatively, different protocol engines 6 WO
2005/ 06448 ' ' L4

Cnstance, RFLyebpte St BipkSolsTRGr AR brofichl SlgRlY 428 Rl aBpG slelhme

pr ot ocol enEnsporéidgerpas proticolf eagimetd2g et a diffetentises phiranspery daysrs. Eachprotaspbcol

engi ne 42a,_ 42b i nmpl.enents port .la 4 n r anspor t r. such as a
SSP transpo 1ne|42§,e4?§3frgﬁl,e atpPgrl%\é%’ qnﬁ?élaran Si’é’%,lg@z%“?ﬁa%ggﬁa?%ﬁr 46c¢,
and a Fi br gaydnans STPRr@EmEOlaydr 46baSMP @ahspofti@fer 46 andra Fitie ChaireePietcebbC Ol

engi.nes 30a, 30b may support the transport d etwork layer relate
oper ati dns W@FPWY@@%OE?@W&F%PWE&W@%@b?QQF‘&VQPPHPIt f franspart 84

bet ween t he,hj, & lf%%y ﬁﬁe%ﬁﬁrai%ﬁ?for%pﬁﬁﬁd‘ﬁ&om 7 RIb &I l?@gr attelfAGes

transport |ayers a, 4 c, 46d to transmt infornati to the correct
transport |befmesendie linkikydragla; 38%138c, I8dvia the route3 40 and eriransportioyere 4¢pndi ng

hysi cal i 3 ] o] [ | fat
ot s, - wher ot a8 Wy ki Kbhe WGy PERAGRE L BUOPRE IR TPCCC
conponent @HYOIR 324 1.32mwandvoetespontiag pagsical atefaes3@nath...30n adybess

conprises any identifier used to identi device or c onent. The
prot ocd erfjBized into gne QIZBOWTW’JYIFH%?“L#\ it hasa uB’runrglr‘% Shat 1®PHY

layers to gRatlopRisdd i uoipBhdr? Br coMistriictté WwhithlintErhces ARkSiondd. tAiLaddrigi er 40. A
virtual P Is an internal PHY that connects 15 to another PHY inside of the

devi ce, andomprises@any ideatifierrused torgpntifpadevieq errromporang The prptocolgngings] PHY

typically S t. r : rd - ] lon.
100151 Enchiiar g0 gty el & i o Yake AARTLEY LhERERRI o AIERER T )
transport |veiytevigual POEY lagédo in d8aoutdioA). vl PHETie an internel RE Y tisap oorinettayer to

interface with ea pe of l'ication |ayer 4 48b, 48c i.n th

oot | s orfo e B85¢ hide Ot itk Rice i npLig ek extsrhpr¥p e Eeipptteds B, ¢ he
adaptor 12 Wudd P8Ity t§¥ihi8 dods ABCheRd B tPBoudR b WBHA-t& BhdilSRdn{&sibhe end users.
For instance, the SSP transport |ayer 46a and Fibre Channel Protocol (FCP)

transport 18948 Eaghbprotacel angie 47p+42banchaiss ap pistaneeef theproigest trasport {ayersSTP
transport | Cyf . WM hment (ATA)
applicati or@ ?’:‘{/68?@8%@?@%%8[{}%@ 1%&@%@%%&?£§8§%§h%n eﬁ%gfe:s with a
managenent applidatiomtalyerd8asdBb; 488in. th@dpphivationdayer 80.aThesapplicativm 14yRAS0 amlgnol ogy
are desgrihed in the publication,"Informati on Technol - AT Attachnment
o ' palkeeHRRried e Sifc 1Ak BassRYRR 2 apd Py i BEGRE Services o e ¥hd

users. For instance, the SSP transport layer 46a and Fibre Channel 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,
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  38b, 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



ANSI I NCI TS 361- 2002 ( Septenber, 2002). [0016] Al the PHY | ayers 32a,
32b...32n may share the sane link |ayer and protocol link |ayers, or there
may be a separate instance of each link |ayer and link |ayer protocol 38a,
30 38b, 38c w@d@sibauseach PHY. Further, each protocol engicraisdidansoddd may

i ncl ude one port layer 44 for all ports including the PHY |ayers 32a,
32b...32n or may include a separate instance of the port |ayer 44 for each
port in whi : ¥ r ' '

i ert aces g o el R APl B
2005/ 06448 xopQiphesss pupi¢roargingsughianers describgdiereippre fpunddin the tephnolagyer , port

| ayer, tran Y ' | oAk ay |l nting
such | ayer ss%gée)lgéardlogeﬁﬁlt?gg gfgloﬁlager%éh ‘?g@ndg?@f“hé‘@@%r%?%?%&%&?@ég I on

"1 nf or mat i oj00I'AcIteabutgy40 albevsithe prétdcelcdngihe SCH, 4215 Mmurddate wrmgdf dlsove.

[0017] The er 40 all.o th rot ocol engines,42a, 42b to c nicate to
any of tﬂe ﬁa‘%ﬁwersaf?@r Qbégzn 32‘6‘%’@@3{ enﬂ?gg ﬁ?%?%%%?@ﬁﬁ‘?ﬁ@?aﬁg dajpig

comuni cat enppHY lhpdrs 924, 326.0.324,RehiBHY chidy parallel 2 seridd BonveReRd to WhtiveR thercl ude
paral l el -to-serial” converters to convert the parallel data to serial data

for transniRaralel datp tusgral date fopransap i diraugipthe sprespondingphysical intpsface 30a,

30b. .. 30n. sfjge fat a}'ﬁ@d’at?ﬁ B ﬁﬁE&E’d@%ﬁ{?'ﬂXtﬁMaﬁ Padviledizlandevi ce or an
i nt erveni ng external expander. target device I's a device to which

i nf or mat i onintesvehihgtextensatiexpanderf otarget dovivedea devicatotwntloinfatenatiomisat t enpt i ng
to co nicate wth the target. ..device. [00181 Wth theiggsctﬁi betd

embodi mht SrapFmEeddron} a squiceor injfiaton evice AYEmpHng fopomsumicals with theitareet he o ¢
and transpdeviceayers can nmanage transm ssions to multiple PHY | ayers 32a,

32b...32n. The transport lagers 46a, 46b, 46c, 46d of the protocol engi nes
42a, 42b nef018) With hecdesaringd gmpedimisats 9b B band 2+ gnspretecel epging42a.ddkver , | f
del ays are i f aLos n&?]b?n e g r ot ocol
engi ne 42a, %%ﬁﬁ&gﬁdc%a%%oéﬁgﬁé es%’néiggl S e{not é‘?ﬂigg néeggqt%&%f%%’ess /0O
requests fridn.ii2at Thetemspahlagers #6m 46, 4h0016d of etprotogol datings43apA2l mayg e

t ar get Icgevi ces tré%vr‘llg*lto establis connection. T enbodi nent ovi des

a i r
o et ertout 15 el Vi OB P S B R RRE TR Bier dr helnty SF s ped Boh
prot ocol 2Ghengiehen b tpsnicopheetion MRgottubltenging 424 4QB cartlél¥tdimectand swi t ch
anong connections. The protocol engines 42a, 42b6t%nd physjcal interface
have gr eat &PtaBRAARPICHCANES te Rrocess Libiequests frqre thag gthenconnedhiondeavpld devi ce

h h ' . ' . th .
throughput 1he, Wgs E‘(%’iﬁcgosg :@ﬁ-g&rd‘éfrlg iR Bblidta %o‘ﬁﬁpctloh. rﬁﬁgfkggﬁdém&ﬁ

certain enbodi e protocol engines 42a, 42b may nultip et ween
di fferent mHYgdSRAcat@2iilizatdaref the nretnee) engine bansvadth hy gdowing 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 ‘
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



25 [ 00191 Al l owi ng one protocol engine to handle nultiple targets further
reduces the nunber of protocol engines that need to be inplenented in the
adaptor to support all the targets. [0020] FIG 3 illustrates operations

performed bwg fesbdads2l ayers 32a, 32b...32n and the |inkpcax8ioodbsolid Open a
connection with an initiating device, where the initiating device 30 may
transmt using SAS, Fibre Channel, or sone other storage interface (storage

i nt erconne = hi c o) i : _ . Y
cur aft efgytrﬁtg’mg%ﬁﬁﬁ titfalizath %3%5@&“698’hragpﬂ§ﬁmg, fidin bR iGAHNRS 1D

oc vices are di scovere uring identification and |ink

i ni tial i zatdngphysical interfasa S6a,138ba. 308 {BIG. 2bth;9cR%éYlmr 3%y dehcd2n eoiwlEHy | ayer
32a, 32b ' . ldnR] Gab Akt al j 482
pCT} US2004 58 e e Rl Bl Btk 3be. a0 ok Bl (ML) Wi HREHAR O
primtives,totnsure that thalihk apaatedaheltightst frequengyh siceddin embedifreots, tBORHY

30b. .. 3Qn (,FI 2).,. The PITY | agyer 32b. .. 32n coupl ed .t the receiving
physi cal i ﬁ?ﬁ%%\%ézgﬁgﬁnﬂg‘@ %ﬁaﬁéﬁ%ﬁ}ég‘?ﬁfm ﬁ“i%?ﬁat%%e%goé' Aot i ation
to ensure tshaheeliRrihéddkwhdre il dfersiit stdispellhteiiasek hhve@enRay radsmigRit ai n
enbodi ments, the PHY S | ayer 32a, 32b...32n includes the capabiljty to

det ect and chemgeferistics, sypleavidiffersnt Ensmission sPeeds Ardiefaranamission deformaiess e t he

di fferent SLOAGE alNLE! LAFER DRYSATALLEFRRL chidRPbAa! MbrCha ARy S oS,
such as difreren ransm ssi on speeds and/or transm ssion I nformation, such
as i s the dame324,38bt 32n BAS/dSiRiAnanGt Blobk 0 hlestaagsintarfage usediferthaces. The

PHY |ayer,_32a, .32Dh.. hen deter m, nes t block 4 he st orage

it er 400 RGP fiistaboh nd ERheE AT kS b et R e e R SRt R o
may be det gpeddies uhig@Enratimidsichspeadsis hesbeiate@ el ol stordgeliftefice brf fesiNi SSi on
speed is associated with a storage interface or, from  ,characteristics of the
transmi ssi charagigristics o theftigpsraissior spoh asrrformatioain te headerof hedfAnsmIsyAL,  f or mat
of the tra 1S5S i ngwa ligck 106) the
i nformat i orrliﬁﬁ)ﬁt% F@@ﬁaﬁiﬂsggﬂ’%tggmlen | cg?’ ;@&ﬁ%a, | Cﬁﬁﬁi’éﬁ@? glgélgg%éraa%ée: i nterface
to use 15 (iSashBianAo the liEkiayer Ghindicating whivh Zitlected stoege itedace1083e t he

det er m ned I nterface nplies with the SATA protocol, then the
connectlir}on (ﬁég@%ﬁpﬁﬁgﬁaﬁ?&gl ock 110) and no further action is

necessary. [0021] &f (abblock 108) $e defermired BREige diiterfidel complied With SRS ATAt ocol , then

the link layer 3 rocesses (at block 112) an EN franqe to, determne the
SAS trans pég to‘iﬂl{fgﬁ'&‘fz cprpeguen IEGSt'(‘@Sg‘?d, é’séﬁ?k angfpfurthep actiopis el

Protocol ) . nébRsdel B (Arieek 108) ihebnreefiotpitiRes haSASProekolldda tHeQinlkhé‘yer ,
determined SAS protocol |ink layer 38a, 38b, 38c, 38d (5SP, STP, SMP, Fibre

Channel Pr dbacaseyses (it plosk d$2) anTOREN frame twdet¢rimite the pAS te@sporgbtocgige us8d
then 50 (eg, SSP, STP, SMP, Fibre Channel Protocol). The OPEN frame is then forwarded (at
block 114) to the determined SAS protocol link layer 38a, 38b, 38¢c, 38d (SSP, STP,SMP,
Fibre Channel Protocol) to process. The protocol link layer 38a, 38b, 38c, 38d then
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



establishes (at block 116) an open connection for all subsequent franes
transmtted as part of that opened connection. The connection nust be
opened using the OPEN frane 25 between an initiator and target port before
conmmuni cat i @b 1@50dagti Nn. A connection is established belpw@RR2BIB40PHES
initiator PHY in the SAS initiator port and one SAS target PITY in the SAS
target port. If (at blocks 108 and 118) the storage Interface conplies with

otk Bl Sy BB Rl THIERIORIS 1IRROSERL R bR LA | Shod
conpl i es wi(FO-Alh&) Thiwing 36cuGieating IANSIINOIES 332-L%p protocol, then the Fibre
Channel Li hes I 122), .t o] .cannection for
al | subseqﬁﬁ#ﬁxﬁ%&%ﬁ%ﬁg% 8’6‘“&&“‘5‘34? gﬁ% 18%%hgﬁﬁ%8npﬂ%ﬂ§:0@1a§)re Channel
link layer RieBeingie R6ragdintertucé i deReH Slota@d interfit@s fHabtrénsnfiha diedrer®pen .
primtives. Further det ails of the Fibre Channe] Arbitrated Loop protocol 9

WO 2005/5064zgsmiseon L srrefoargiior diaye diffgestiransission charectpiisics.cdkison

o0t or et ok eRRclkaRL e ERARASL ok Birkdketh kMR IGECIA @Yo having

i mpl ement atdetenminetwhichFlifk lapgreorotd@d ,antBﬁmSpOIBmtocsl tohise tq estabdich theni ne t he

i 11 orent | Pl it o/ Ak eRedhEREn bt 585 anbr A E8 e on

characteri SInIkQ@yer %[ fotstollBRE iieiatle Siffereatrotoddle tHat ey ibe ussdeticsdiffsrehfren
forwarded to the Tink Iayer 36 to use to determne which link |ayer

prot ocol0 arfgosepsangstodandler ot ocol to use to establish the connection, such as
a SAS |ink FPHRCEAL Spefl or3B8Ply B8 GoutsH 40 BRI ofoBaAghe | | Nk

| ayer prot 02%?@ Rl er%S 5 gngﬁé}{ent prot ocol's that rrayﬁoe usegi require
di fferent 428, @bacpmsessghq mchamjfrene [ U@Q@]ecelmg (at blo¢kukx0) atrensneiptiomat i ons

per f or med e co rocess
t he recei Vg‘gon? E:gr%o Si‘ﬂ‘é?aé’(%?% %%’ ??ﬁ Sg 15530%}% q’?‘élﬁ ﬁ?isn%lﬁg‘% ech’r(gm t he
pr ot ocol I le@Iabllés;nm{?na&mnaatm bRBE, 152981(ioutsmableaus fgmﬁdarm ,asqoeiikion gtl‘zpr |4 T tive,
etc. establish a conpection 2). a_router, table

pr ovVi de'é arPrefec enging dep, 4£0 ri@m 26® %b ﬁgFE ng theirapypissipp, theny 304

32b. .. 32n ft&{]&@feﬁu@ﬂ)r&%st@tm 139 ﬂeuaﬁé&ﬁgsmﬁth%émfo%meﬁgmfeqwafzﬂs (at

bl ock 154) the transm ssion to the protocol engine 42a associated with
t he PI TY | radjociateddvitinthe RELY: indicated imihk souder tabilg 41.akf (a1 bdsik 163 ptherouentahle er

tabl e 0 oy I de f ol engi ne
and 1 (at B pRiee b AhARA3Fs Bvint S pciitel A ARI ALBLECY, T
SATA or Fi l156) thb protsdo] phihe trahsmigorpeimpliepwith teBATA Ioeﬁlbtrdn@hmulmﬁntét& sel ects

| ack 1 I
(at b 02% p%?r?t pl%?(%o rtfetnc% g router% P]ects (at glocl???ﬁ%ne 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  (at block 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



on a selection criteria, such as |oad bal ancing, round robin, etc. If (at

bl ock 160) all protocol engines 46a, 46b capable of handling the determ ned
protocol are busy, then fail 1is returned (at block 162) to the device that
sent a tranawmosmsosws X herwi se, if (at block 160) a protpraals260a@idigs 46a,
46b is avail abl e, then one protocol engine 46a, 46b is selected 25 (at bl ock
164) to use for the transm ssion and the transmssion is forwarded to the

sel ect ed aPlBlQEIPhZZ Wﬂh@?out&qgl?léhl Lagsoélﬁﬁng%e PHY%} 426%4@‘? %1% ﬁ% L

connection request conplies wth Fi bre Chann ed Loop
prot ocol , tinsmission voiitane pagioend Ieegms4'i9af16hal BrsioutesyO ggeals (at btook: d74)dhgyi ne

or ot ocol oPharE ol b RRNRE S AEEF retms PENedRR B mP oo are
busy, then foh@arl‘ﬂ-(ﬁt blbelce‘idaith@tridsﬁustsfoamstﬁeselbaad pmt@nl\gg@ﬁ&;%@b E gte ol ok

connection r failed, and the PHY

170) an SCPENS% t“lf’@hﬁr}hﬂaﬁ legtipn lf‘)’eéﬁgi‘ﬁaé'topﬁ‘ga gRRpeetion todfaRpli se, if (at
bl ock 168) j; d%@ﬁ&ptel D8 A% cofhinicatifiae bpdH RqudstBAmaN oL hiotdcdl added
10 WO 2005/ 064482 PCT/U 2004/ 040418 (at block 172) to the router table

associ at i ngenging 42p¥2housinglopd balaming eisere gtherselacking tachnigne, ydieemthai t h on e

Phe. connectanesl¥ine 435 2R et pdd Aot e GBStk lfion Kl T L™

40 f or war dike taiterldD oe Hirde? Ge linkeinitinration &sthe)appropﬁalnelnslelayeztaﬁd Pﬁl’&btagerol engi ne

ﬁgﬁheg?ﬁ)n h&ﬁ?}ih ﬁ\ﬂfl ttrﬁll %]‘gll? qntégee‘f%g'g(l : C& 6‘%31&38 °B%3’1E6ﬁﬂﬂ$ﬁe‘@§(ﬁ ng the

open requesioaf SGBE: ool iAfdatiGNe Iamﬁg&zmméaﬂoug:mab@mabaibdncI ng
or some other selecti ngﬂt echni que, where the protocol i ne 42a, 42b

transport addGpor Atbleg QO,tarfh’NFrmdﬂV@ﬂ“?@afﬁ%nZWﬁé@thﬁo irB 0 inifiate he rout er
40 to di Lo ol t d PHY
fayer. 10" [ oo willeldofhectal dUte by sbidf TRRIGHL 0 b ilioh WE | SN0 P15

to enabl e aprdtevolceagide #ox 16b.2 Aadevied kirivé(@0a,t20bc2eroa)y peafoemianf operationon t o a
t ar get VIC thro an. adaptor.12a, 1 At. block 200,. a device
dri ver b bSO ARine s bee” e ardtacel reiteoban A sspving S mREISoBn w th a
connect ed di@i/v\/eﬁ@s (@Vblsambd)%e(tﬁnsms@ﬁh te@@}oﬂt&mr B{at Bldck 206) thdpretoesiol engi ne
46a, 46b. A device driver 20a, %er or m any oPer ation to_ 15

B@n

sel ect a presedbothedairndrives ZQ@,’«a?()l)Tiﬂig 1§J$6Téé’(§ itsp GhernehBeint-togppintgeaipealng t he
t t 40.
ransm ssi ;{8%15 tfhtg E&gﬁérQ% sél@&tls ?Atus % g%) %ﬁ? 3t25 apgM cgﬂnécged tB %bcr t%‘é%ter

(at bl ock rotoco evi ce I ver Oc is SATA
or Fi bre Chiznive I(dipmtly\tn: mdrrqmtlyrtbropglmomulmore Bandetrhera tabtie) fod Grasmtissians ( at

bl ock %8) aad Igyryds ang’rgu%swn 0 Hw sleted i’ﬁq . tIP (a% g'l%cl% %@%e protocol used by the
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



device (directly or indirectly through one or nore expanders or a fabric)
for transm ssion 20 and sends the transm ssion to the selected PHY. If (at
bl ock 206) the protocol used by the device driver 20a, 20b, 20c initiating
t he transm w0 onspea§3AS or Fi bre Channel Arbitrated LoopcTtivsessbdaiy out er
40 selects (at block 210) a PHY 32a, 32b..32n to use to establish

comuni cation with the target device and add an entry to the router table
associ atin | on with
t he sel ect qagt%e ﬂﬂé 8&&)?1%12%%%} t%?n?lﬁgeldclgt%g eﬁ%ééﬁ)%gﬂggﬁxg}%ﬁfgﬁﬁgﬂg?ﬁ? are used
for communigeregedeyicenpoapskonarovies therconmgctiprs fongemes dayiegstwithie thelsamp
connecti on. H’E Louter 40 then forwards (at bl ock 212) the open connection
request throug "Phe sel ected PHY 32a, 32b..32n to the target device. [0027]
Descri bed €0b28]iStitinfugthet with de des:crfhedqmbedlﬁmnts,athéromayg)eamﬁmmasenmlstow th

di fferent stor e interfaces ferent transm on
slpeeds and/Rsral CQi;VFﬁsl?Pé’ﬁfweFPﬁzéﬁgg%ﬁry@ﬁazic?}é} Ié%"?’?gl qafpl{eﬂross%il

si ngl e adapioRyerdidn ARY the pRtbEHE en%Th@sMZB'@bQﬂfHﬁ?ﬁk'a@ﬂﬁoﬁ ah idplehRh@AdnsSt OF age
i nterfaces (storage interconnect architectur eégr that communi cat e using

di fferent twkenethesspanderindocated exteral tothe adapiprasree pawlslﬁktptseﬁgl cgnvergipias er ent

i nk speed f ) ot

transm ssi on b%:’%ﬁoﬁé%c% lﬁﬁ‘% @JE@%C 40(/?10 1 gfdr%rg%glgl tot he adapt or

12 may be |pam1hﬁeﬂommheamumnui bhs ax;mnddsretb thesadmpmm(epmtaﬁd tbcsermal) aightehe st or age

devi ces, 0n rac row es the c ctlon st o es.wWthin the

same efcl o’@ﬁPtBr Ef’ cjongfq fop tg Eﬂptpﬁcg Ol {Reh° @Fféﬁa%g%"fl leggdc%r?%‘?) s, there

may be onl Yenghdinséditd dlimihate theRRed Fdrawvo @ptm\és?er@hwmb@é wearbv&lhgeﬂialﬂxraluab/@tas 32a,

32b..32n performng parallel -to-serial conversion and the protocol engines

42a, 42b witelhe frangraittegidipacdy frommthe peitenie fhedrotaen engipesia ﬂawlr&a@awe@r i s

| ocat ed ext o] %’tqﬂp ma
c&ﬁﬁ)@hentt REcjﬂﬁl éﬂnber}o?g%]ﬁltlﬁ% Qériaféon%grsﬁ)% laﬁt!l cﬁ-ﬂa@%‘ ndi ay

be perforne 0 comruni ¢ e connections to t seri al
to paral | dtackingreducesdata andtbitrertons mhfeme_sxlpmmtteduc’eébyﬂe fectimpnayrchagges al | el to

serlal) and or fromt connection to.the ocol engi ne
(seri aI to pﬁ%‘?‘ﬁF‘iﬁgﬁhe%&Z‘f %00&53% %ﬁmyerr?g‘bc&lﬁsmys‘%éﬁyﬁ ﬁ?‘%ﬁ?éyts‘hcg need for
two of thes@drienaMebavedsionddy all owi ng the parallel data to be transmtted
directly fromthe router to the protocol engines in the sane adaptor
conponent. Reducing the nunber of parallel to serial conversions and

corresponding PLL 't agkicigfodtaRsnfe dodRtheNriiipleIbBodibat may be

i ntroduced by the freguency changes Ib5 pr in the converters
and may r ed0029] [FiGehillpstiaies/stonageiensibshse 2@0 élhvmad @luraldm af slotsi2Pda ando2(2b

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



Encl osure Architecture Supporting Miultiple Protocols [0029] FIG 6
Illustrates a storage enclosure 200 having a plurality of slots 202a and
202b 20 in which storage units 203 may be inserted. The storage unit may
conpri se a ™eoewakdsas2 di sk, such as a nmagnetic hard di sk pdros2eosloaiaes
cassette, optical disk, solid state disk, etc., may be inserted. Al though
only two slots are shown, any nunber of slots nmay be included in the

storage encd@st hit23.is ddpabRloBHAGEs With phikicl ehterfd8 20602 08K) ThdnQhdrBdePmdd t h One
of the physical interfaces 204a 206a and 204b, 206p on_a backpl ane 208 of

the encl osUeietbe stomee waisdhaseeblyrl 8P Hesrersde sappwih Physivsl intaiaseciltpel y. A
backpl ane o I s faf b5l dARRILesicldl B sGRRBSEHOLRgsd BsRliaces, ol ot s

i nto whi ch conponents are The slot 252a, ~ , 25Zc conprises the
space for rietcehraedshgve difentphygisal ponfigurationg michaya didferhnt sine dineasions; a

physi cal, sty.uctur.e boundar,i h. ' , etc., or may

conpri sé5 a éﬁ%ﬁ?’% 1ntgﬁ‘é%eps11%ea,a&qa?t%eerexghﬁgnrQ%Zco\lﬁﬁ%%tigﬁt%%#%gﬁ I s not defined by
any physi ca{bo.ﬁlj I’Rd)@insfa(ﬁse,gﬁ céiﬁirﬁanmﬂ&nérﬁs lihe'lﬂi@sibﬁl%iﬁﬂeﬁ'@des tzoasaearfdgnoeb nf4a, 2g6a
and 204b, 206b correspond to ical .interfaces 30a, 30b.,.30n in the
adaptor . Fai RRANGABAAE it AT SIS Piicel Ersere S s BRSIoal MSHETng i ¢ h
physi cal i nioas bafS04p0A8, bez&ggosle E)hﬁaﬁﬂg*witwbetra@b{a:ﬁletﬂ{y@icalhﬁteﬁfaé& %%}iymt 203

to allowthe storage unit o mate wth that particular physica

i nterface 2eaya singldplot 2G2at 2@brloweOmatiaswith thestorpgeyniSRyoy rhsiqdldnterfeneage
it 2 [ f | Lt h. ' I nt.enf , h th
doer ml | ey RRTEGeR op Tt Bohehhbo B Roriant B il Rk R 208 Wilhack Y

physi cal i nvsrdesigaal ta@his, into2084S/SAT AL ihtesfave yhea tlss usgt wosldabdtaterthe stoage

interfaces for, . stor uni.ts ose physical ipterfaces ve different
physi cal cd’_r?ftizﬁgrt%\’t“l?% _?W%E}I‘F _Slﬁal_ P aCefe g&‘%’es%ﬂpﬂ’gﬁ% g dnteracs; ¢ f er ent

I nter face SvHePéas ifft_ﬁél stdtalgk @terfice Wab désidiRd €OPINE Gito 3 FilHe CRARR fiterf4e0)3Rdn For

i nstance, in certain enbodi nents, the physical interfaces 206a and 206b may

be capabl e tb§ useawonld rajaterthe stomepnming)3myaterage with e suppertingphypigalphy si cal

I nterfages ; d 4b may be capable of mating with a Fi bre Channel

physi ng]% i ﬁ?%%%&gg" Fﬁé)at’hi s way a single slot 202a, 202b allows mating with
t he st or agq0e3i} in bertaimempddiments,| the sioragd ade203Bashmeiude onliyfohe peysicaphysi cal
configurati,on For instance, if t.he storag ni,t, 203 interfa was

desi gned t duBHTERS 1 A SHBAS Kieel HEERIEET 20HbAVSHE CBEAP DA 2P ot at e t he
storage urjo8322 3Gt Piliusfr@ed Acenbidirhent BEthE Bitchitecthre of HRMHadlgane@58 of 22044,
supporting that interface, whereas if the storage interface was designed to

plug into &torrgsracionianred, speh rangloaire PG Aavipg gulidnle sl 5da.r528i2e2¢ he st or age
uni t 209 t Qudd £L 5o, Bhidork RE febtp BRY bk BEbvRIRAS WiRte each slot has two physical

interfaces 254a, 256a, 254b, 256b, 254¢, 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 PHYs 262a, 262b, 262¢. The expander PHY's 262a, 262b, 262c may be
organized into one or more ports, where each port is assigned to have one or more PHYS.
Further, one PHY 262a, 262b, 262¢c 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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15 interface, e.g., 206a. [0031] In certain enbodi nents, the storage unit
203 may include only one physical interface to mate with one physi cal
interface, e.g., 204a, 206a in one slot, e.g., 202a. [0032] FIG 7

i 1l ustrat eswonoesiseageent of the architecture of the backprasmod®@sgf a
storage encl osure 250, such as enclosure 200, having multiple slots 252a,
252b, 252c 20 (three are shown, but nore or fewer may be provided), where

each sl ot dimédis, 8 mhAG&Sp datthBetorl 26, 260b7 De6c2xRinds BOfGhe 256C.
The physmi‘?‘f3 Lter ai)cﬁzéan@wlfgrﬁ%n% 259c and 2564, 256b 256csrr§1‘zy have

di fferent physidatisterfaonforgasaPH¥R622,868h, 262 @@neloﬁﬂ?%ﬂ%ﬁgﬁaa%%?bp?

arrangenent I res,

SATA/ SAS aﬁ@‘b]if’ie%r e %%gﬂ{ufhk%éx an% 29@%’02 6§hejtq:|6§ ac %)elﬂéﬁgh‘%gﬁﬁy

nul tiple 2511t€1'¥4¢38121831ra mzmzassbzmm,emc, rﬁwcﬂvqharini&wsmmﬁmb 262b,
262c ma or gani zed into _gne or orts, where.each..port.is si gned
to havegong %ﬁ,rqg;g?cgvplpqyé m“l’é'.&‘rfmfermeng%@@ PRSES @ sMNBRIGation Khe with uﬁ)tgﬁ%ogpl ed

to each pa SECCQJpo@lhysvl'}%% tHeRE &S FGRS mag 28Rpridnhisle 23640 podObichedThts 256¢ in
2a

each sl ot 252b, 252c. An expander function 266 routes information
from PHYs 262ss podsiste. dpbis waycenstmyiidtpp aommester pisyides thepbysic comweetiqn om

S £ o, UEAAB AR SRS AR g oL

addi ti onal “eXpan hows HYs 264a, 264 264c
connect i nghavt differehtyphysicaltmpimjeis ead pinratrengeawats. d?v%;noramaéatgdlfmtl n server

ﬁﬁlzt i d§8p gﬁyﬁ%gi}ngqrfd'agg%ﬁw nzéig %8%/8%%%@%?%4?0 r%@ct Cerﬁ]g‘ﬂ el ca %i: ﬁgﬁfsacg

for each Pififfedé physidaPBonnd6rdfs fhOmatitey with thb diffdrért Sto2dpddnte0aiect phaical Wher e
each end on the nultidrop connector 266a, 266b, 266c i's coupled tosgne of

the i nter inedseosgaSASEETA Jms Chanpnl, that may hson thosfgrage pris 03, £i8,disk i n t he
slots 252ri¢e Hhered HIREslof PRRSLLLYBHY and\mifllitd phARaPRARHREL 084200084 | Ses 2

communi cation’line wt |p1 € access points, where the access points may
conpri se cabdtg 256 254c, ﬁdﬁmtﬁhe revltifiwog CpmtehtorsaZﬁﬁes%Gpozﬁﬁcsnayeqompancabhss way,

one nultidro to vi des. physi cal connection to different

physi c&% | ﬂf&‘}ﬂ?saeg%’seﬁ ﬁ@?dlc&cmt\ixﬂagg'e the different physical interfaces may

3a¥ fe diff el[(glstt] ) (V& 1|naé1:athsmfaﬁ@bmarmss witttn @11 &%ﬁdarmmm ,Suchlas eatpmlmfmg at 368
ifferent 1 hysi cal interface tidr nect or c

t er m nat or $H ﬁ@ﬁ%ﬁ%% &@?’#éﬁtz%\’rﬁgﬁ‘ngn g‘fc)‘t g@?‘aﬁé‘i‘i?‘ﬁgavﬁ%ﬁ t he

di fferent raf0YsS hitcPd PHYIRM14,RF 864, eA9d1t101§ﬁ§/ héPfry Fi bre

Channel , that may Be on the storagé unit 203, €.g., dis drive, inserted in
the sl ot 2bger 3025@31 pezform tbm@pmmdqsmlyﬂdy@ﬂclaqucmoéhff BHé’ lege1322256a,

20  32b...32nin FIG. 2 whose operations are described in FIG. 3. The expander PHY layer
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 PHYs 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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254b, 256b, 254c, 256c¢. The nmultidrop connectors 266a, 266b, 266c may
conprise cables 15 or paths etched on a printed circuit board. [0034] FIG
8 illustrates conponents within an expander PHY 300, such as expander PHYs
262a, 262b, VaBAOS/06AEa, 264b, 264c. An expander PHY 300 wey/ustehoddeisa PHY

| ayer 302 to perform PHY operations, and a PHY link |ayer 304. Additionally,
the PHY |layer 302 may performthe operations described with respect to the

PHY | ayers [g@%5] With Rdkbct 103G, 71thE hdapto? 280 aFBe 0EREUSRANS MERJSRRGIMOEd 1N
FIG 3. The expander PHY layer 302 may jnclude the capability to detect

transmi ssi dichitRepreas did adeplor] 2ip F16; 3 insiuding the pRpaAe 34 andaretaedlsngipe e |
starage | Lo CORMERALE i SEEUIE 35 dlofbed wifleseltho e Ao FIGR ©.
I e g rawar e

and forward I’ nfornmation on t storage ha Interface to t ink |ayer
302, wher e I, Bg3, 4] anddS. | Hyecadapio 28 (breseivdsatata fronp themxpander 26indbsgotape addr ess

of the target, sto e device o 5 the transpi ssion. to sel ect. .t he expander
PHY conr?ec?eé'ﬁlof‘ge ?ﬂgv?ﬁf’%g@é@ 0(2:@.‘1til]eﬁ‘iilgrwaéi@?ﬁa@ﬁqlﬁflgni%?net?féﬁeegfﬁg’ﬁ er PHYs
al | ows the epxinadZhsa, 193bhim el argief destrited above! @dch pBySicatlinkdredce D84as 2®ILAgE

I nterconnect architectures having different transm ssion characteristics.

[0035] The Z%pemtheserveradenior AR} man onage a2 diftrreyt someesaelesye ardershi ssi on
from one P'?%stirfaﬂ%@ma FPig%, CsganGhé 5%%@19?4% dxphitlie} 266§ Be Couphiith at O the

target device. The expander 30 router urther maintain”a roudter table
t hat associdiffeentPeiver, thierdbytatlowingaliferentstrveisdo comeride snultplessiordget hey are
attached, so .,a transm ssion receiyved on.on HY, directed to an end device
i s route@d cBelprpses g Telotge enpofoig 4 ForpRe 19 @ﬁfgregggqr\éeg- 14 WD 2005/ 064482
PCT/ U82004/[06E{711Wit1§ mgassbﬁwa Emb@ﬁmem% stovadeluits, Guck twdimd e6/ha?flig i n the
server 282 mmpy include the sane architegtuyre as the torl2 in FLG 2,

i ncl udi ng tdiéeTentsapRsetoRterRges IRy %laﬁer@ﬁgf.lﬁh@ tgaélats 2938, LA MIG & t hat

oper at es asndRSRELgHE 195 ARRE Mo drtnhlith GTROULARB LS BsolbGvhenl. 2. 3. 4

and 5. The adaptor” 280 receives data fromthe expander 260 i'n the storage 5
encl osur e J8Bripgdhesioragenivin thoglot furthere thefadanien 280thay suppert frasssiissions o one  of

t he prqtoc ngi ' n n >r.1 hed QV; h
physicg iﬁ%%&@%@%ﬁﬁgﬂgﬁgggﬂégggégﬁéé% dﬁﬁ@%génggﬁg gg?gﬁgﬁgﬁw %gtonnect
to ahdi L f erkseclmaswczs/%g"mand gﬁhw Oggr&md b@&tcﬂludixtgetﬁl égmpémts?dgl%ﬁﬁ&mingﬁaéb, 264
on the backpl ane 258 expander . ma, cqupl e i fferent server,
Uer oby  al IOBWPRESARIFEFE ArovEer epeEtoditingeh 4 a1 2 i thisva Pagle 10

encl osur es sginghe @nSlbSrAYS) RBE hIISW Fdt ubOofCirg itk Subh bf GElefliveaShavilgs- [ 00371
Wth the described enbodi nents, storage units, such as disk

C , : , di sk drives, having
di fferent Eiffaensiomseiinterdacesdess sippge irtercornsetaschitgrturasnwith different physgah, 252b,
252¢ (KRG

irﬁlrface arrangements, e.g., different dimensions 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.
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on the backpl ane 258 by rotating the orientation of the storage unit
assenbly when inserting the storage unit in the slot. Further, the adaptor
280 may support transm ssions 15 fromthe backpl ane 258 expander 260 using

di fferent sty @§odsdder connect architectures, such as SASrERAIReeNd1sEi bre
Channel , by including the conponents and perform ng the operations
descri bed above with respect to FIGs. 2, 3, 4, and 5. In this way, a single

storage enciQg Htrogalg% ?chgs%‘e #d et ﬁfa% HRFdR e ﬁﬁe@lﬁ)td%rbhf& to g fgs di sk

drives, having erent storage ihterfaces, i.e., storage interconnect
ar chi t ect uragdditionaltchnmticfiénsr ent physi cal 20 interface arrangenents, e.g.,

different di I.an n | r : t r 280 and
expandor 28058 R R e Y ARTL B Gp e B S uaBlor o2 P BiR

i nt er connecsub@itesd for Gieudapton280 MFIGH 7 t@mected torthe stotags enclosuna2 50C t Adapiri s,
e.g., link speed and data formaf, allows for .c ni cation w {h

encl osufe cfapludesp pi%@rt&af%ﬂ?-’f% Y"gereQi‘%'tpé’rts‘{“g}q%é’nﬁﬂ&gﬁoﬁeai‘\f{%ﬂ?%pfﬁ%es f or
di f ferent ipREYE S S0 ! WhIE BiyerS328. and ifkdrent peSoéd&nke!

SAS/ SATA. [S‘;é %‘%%II%I G % illggﬁgﬁgﬁ%ﬁg%or agagerackanBlO irnclpﬁ(giong nount ed

servers 31Jayer§tzh aniB8P linkdaysyd3QanSTB dink ayers3Boh, SMP Aisk layer §3Qapendd Fibech are

shown, but an Q. | i C of the
rack may be@%ﬂ@%ggdﬁﬁpia&fe?@@an%%, e%ghﬁ@g?\%qg?%g?g@iwggh%onnect ed
to each st dapge32awd ihs ttmspditdayers3 4l SSFivanspodiage 334, Eibré CharmekPdiizal, 312b

may i ncl ude backpl ane, 258 de I bed wi re Ct ot . and 7, and
each sélve r33g§’2§ﬁ> Bomé‘yefi ﬁ??ﬁa@%éﬁpﬁa‘&a?% pl_y?s%ﬁgs %&ﬁ%ﬁ%&r 3}6[ z?'P%r espect
to FIGs. ZiNshef 32®insHOBADSdigbA FFEGUID pebfottié the oférafisaiTthSPRY dgjfrs

i nterconnect architectures that require different %y& cal interfaces and

have di f f er¥at32br atlarand dinkdayende acdeseribed with respsciigyF o 54 dieh 48S 54 to detect

PCT/ US2004/ .04 .Fagc V: ' g&ur%“l tiple

adapt or cartgesgé%s%é‘ ) og%h%%ﬁ%%a?ﬁ?%ﬁgﬂﬁ@on e(t:c'?? enlg.er%%%%%{e 0

i || ustrat eshersfrahtand nsktthe detecttabsiorapeinteréonaect acthiecture 3@ Procbsatthapackétand

substityted for.th tor 280.in F C ted.fo t t grage encl osure

250. Adapt Sleterging he ﬁﬂ@%ﬁé’é"%&"% W n ﬁtﬁgf gbz‘gﬁtg‘@“‘g‘"z‘?f’“&ﬂ%?@"@éB SSort

i ncl udes orgovadverRi fie RIS didrAt offFIC. DhatlEpRPEHY Rikts 32 thuhigse portihay ayer 326, a

link layer 328 and different protocaol link |ayers, e.(%rl, an _SSP link | ayer
B

330a, STP Ithelink layery pagblayer agdtransnort leyeyss Whersatin thgembp teof FEg ol P gach
P [l | h
rotoco 'ﬁt‘gk?%ﬁsrdot ﬂﬂclagé}%nﬂ%éh]p%?t%asﬂélgy%??ﬂ@@éﬁaﬂdh&rﬁgéﬁﬁ gkshare a

link [|ayer e transport layers, transp ayer 334a,
Fi br e Channbéretdr prouidoig gt€ated 3ekdund SR of canpqments. The 8TP Butegol aamial®MiBes r anspor t
| ayer 32%4d.SAI:R§ PHY | ayer 326 and

[0040] . Described embodiments provide architectures to allow a single adaptor interface

%2

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 sofiware,
16



link layer 328 in the enbodiment of FIG 10 perfornms the operations of the
PHY | ayers 32a, 32b...32n and link |ayer 36 as described with respect to
FIG. 2, 3, 4, and 54 to detect the transm ssion characteristics and
correspondi mgo sdosHAER | Nt erconnect architecture therefr @@raRgodsR4ishe
detected storage interconnect architecture to process the packet and 15
determ ne the link |ayer protocol, e.g., SSP, STP, SMP, Fibre Channel
Protocol tg b hm%.%ef;r an'yr?:oﬁxlﬂﬁ'ﬁaﬁ&ik)@ﬁq 0E NheXbmi I“':Ftic]g of H?éhﬁfa@ﬂuf‘e”'g'ﬁﬁ( | ayers
in rmultiplé& por % share ayer, port layer and transport

| ayers, \/\hémmtry ’I‘B.Stl.lbﬁi Ieamtin défems o 2 sthteraghine(code at logicHmpldmentsd is havdwatd nk

| ayer and port .has QWn .por 7 t her eby
provi di ng 39%%1? Wﬂﬁﬁ@kﬁ(ycw I@ r#fggf% abf%‘rlkgaé é%nﬁygp%{%é@ﬁ%g% Bal so uses
20 SATA. @?&Qﬁc Intéesed Chealt SI10Yi i) dra d@h@\dteﬁiﬁaaddibwhie&mhu s6ch dsGnaghbtisy a
single adaptor interface  to be used to interface V|ces usi ng

di ffereht Stomesgecdim é-8-alasd disk daves, Sopnyfigks,, Faﬁtsért‘\'c,\%ﬁﬁ% storagRi(¢Bet ur es,
wher e sone pefpl Q§t1§aﬁ afsﬁg%tam&m@aﬁ&n&%ﬁﬁﬁﬁm d@snslesra@g E@mdmﬁop' ng l ' nk
where a si ngl e adapt 6r

speeds. Thi s overcones the“situation / cont | er,
such a SASRIBMs,EROMs,R A, BRiANs; SRAMs; ﬁg@warnmommn@bte lagichete.pcCodess that

have differ,ent S si on..char act er |cs t se ere an
adapt or suﬁlbeo(iofr} H[‘f ,&g‘? ;ﬂg1uﬁ,h>§a%cefs%guppore[cu'&eﬁﬁflgpgt? a{rﬁlé3 %llncto Fface
because suelopit igeRdEuRd byapiedessbetRe siradithowoild atdudetthemtediamigelidiag Hiebr e

hus .. canpot Ioad

Channel interface (storage_ interconnect architec

t he ned@ssﬁ?‘}e erPﬂéﬁ%WP%a%WéPEﬂﬁéﬁsalf thatpxegriesdhe F%f gﬂ%%@?ﬁo“ﬁﬁlﬁlr@ dmmnhis |

Addi ti onal Hf@H‘[% T |n%,cb,§ [

I mpl ement ea as met re@ﬁ’egg%g?%%gigtﬂgrre a %Cﬁgeﬁeéﬁ manuf acaltgﬁér% 1'3515;{'&%?@
progr amm ng tanstmsmmemgdna@e fiomp file senveranes a nesworlo dosuchsessespthearticdgof\D

2005/ 064482 PCI/ US2004/.Q404 a

t hereof . TREM %gﬁlr “I3rY 1q1 % %?de 1@11{1 t’lﬁ?degl%% é(‘1@‘:’]}?&"(‘:3 aﬁ%mgl?‘yssﬁgr@édr}ééﬁ ¢ herei n

refers to as shmmmhhﬁlﬁwndmd,ewmleds@gnﬂnﬂsﬂm ﬁﬂ&lﬁlﬁghailsrprbpergdw throughgi ¢
(e.g., ,an integrated circuit, ghi

, Prqgra Ar
Appl i cdPi ofPacedadipiayes flegrdt eptec i, ?%aé cle Qyrpanfaghure; wr%mmse
readabl e nﬁwlﬂéamrﬁ%ahﬁ:ﬁtﬁ@&ﬂew&nb%d&uomﬁmaﬁ , g (a?clcﬂb of Mafudaciirek drives,
floppy disks,, tape, etc.), optical storage ( ROMs, optical disks, etc. ),
vol atile amiysompuisi acdnhinatiomef hardweiecad s¢fdware compRraivsn whigkdhe codeROMS,

RAM, DRAN% 8§§%%roc§§e%d%me%{e(agr ?fg@g‘gee tﬂogg 181&6 ﬁlcthé m%??ec(b)éhlzvﬁen t he

conputer réa 'UMTs ‘accesse éxecu rocess
code many modifications may be made to this configuration, and that the artlcle of manufacture

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



or logic is executed by a processor, the circuitry would include the medi um
I ncl uding the 10 code or logic as well as the processor that executes the
code | oaded fromthe nedium The code in which preferred enbodi nents are

I npl enent ed wagookwsdagrer be accessible through a transm sgraRélRMe@0r from
a file server over a network. In such cases, the article of manufacture in
whi ch the code is inplenented may conprise a transm ssion nedia, such as a

network trapg P@c%ﬁrlaérP ﬂlgbmonggc{ceéseéﬁy Eﬂeﬁglpgﬁt;qr&ecm&%@m &év%pdvaepﬁlgfeg ating

t hrough 15 space, radi o wav I'nfrared s, etc. Thus, the "article of
manuf act ur etceingg froomp sépawate priocessrexticuting in thedaote computep itewhich dretsdsaticed.
Additional ly, the. "article of nu ure" may conprise a conbination of
har dwar e ar%‘vgroﬁ\ﬁpgpogo?{ﬁ@ﬁ%ln@eﬁ%% t?'ch the code is enbodi ed, processed,
and execut g0046]F Iiceuaitimpldiaseativis, Itheadbvice dtiker andnewidrk adaptargnibodinidagt  nmany
nodi fications may be made to this configuration, and that the aﬁlﬁ cle of

manuf actur énaz@e&%glu RiCORIPHISY SYSIFPLIAREING & Stnzage; coptrallat 1R RFB RS n the art.

[0042] Addigdiphht Xrra} BEMAXRARGR DiskRIHXID), 306, doh@b OthaeigHaBESactBsY
i npl emented in one or nore integrated circuits on the adaptor. or on the

not her boar dion{voluil or|vielatilresterage dqvissasushbbeimasnetis diskalrivestapemedisphigalas

operating w:khj Lfd.c . , r ot ocol
engi nes. | \r?lsgcl %tg'r ?]rgaﬁlfé\%r%'uﬁ% @gn@‘%@a | g’n%?ﬂ&gg%%éﬁgéra § gﬁgéaglgﬁtls%{p}&ebenent ed in a
manner di f fisdleded if baystah thandodsawt inolnt@amsterage benttallek shéyasrcestaid hubsdadl ayer

protoecals may be inplenmented with the protocol engines or the port |ayer
may be 1iorrplS ed in the expander. [0044] In the described enbodi nents, the

pr ot ocol er[miznﬁs 1 36rais® HRFleMEntAlidos] B 8ddpfad RS VelconfEREPRAtsmitAafdlabRENat i ve
enbodi ments, the protocol engines nay support different 30 transport

protocol s, asgblerennegisdtelaporton fisadapten. rla derthes smhedisgnisdhg adaptoranaydiet i cul ar
protocol t %ﬁ%%%ﬁedj{o%aﬂﬁﬁlt dﬁt‘d%r%ﬁé %E}ﬂ:d B gﬁﬁ?ﬁﬁ%eﬁ%ﬁ-cxﬁf D408, Oklte&%)v%g] In the
€ | ed | ap

descri bed ments, transmt nformation 1s recelved at an a tor
card from dhe alaptoeembadiments ey ba configuesst to dransrhih dath beerreavirslessaetyvadtk pent s, t he
transm. tted 17 WO 2005/ 064482 PCT/ US2004/ 040418 and recei ved i nformation
process1 d t??nl{eﬁ%m{‘ransport protocol |ayer or device driver may be received

froma sepao@seIPdReasa entdithdny) tHelbtdrilR ifteriEces @ufiokted by thednsibrst he device
driver and transport ‘gr ot ocol_driverexecute, . [0046] .In certain

i npl enent arPREsedHT A AT edfibedrhannd Feadidionakemhfdimensviother Heree 5 may be
i ncluded 1 fy@rLRORUY BE sppoted ABGlsHIDInE adlpRr RS dEQbEPL! &hbporfiigh as 2

Sl certain transport protocols, e.g. 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.c., 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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Redundant Array of I|ndependent Di sk (RAID), etc., controller, that nmanages
access to a non-volatile or volatile storage device, such as a nagnetic

di sk drive, tape nedia, optical disk, etc. In alternative inplenentations,
t he net wor k vealzgs/es442nbodi nents may be included in a sysicarnostévabsdmses not
include a storage controller, such as certain hubs and 10 switches. [0047]
In certain inplenentations, the adaptor may be configured to transmt data
across 8 G, ARSI Rerenfiftiohs ABretith B3GRl ihiBrihddl G bedENRRATENL S,
the adaptor nmay be configured to transmt data across etched paths on a
printed ci riothetsldsderrthc differant pratdoplsisypported By HeA98090T- enbodi ment s nay be

configured ransm t i ; Lon: . [ 0048]
I n descri be[heselrtlrb’gh Rt age‘?dl %@ Og %"?sage | n‘fg??ﬁ%%i%%‘%%?ﬁ&%@gﬁ&e&%g‘pt ors
conpri sed Sded, ISAnanitle Embodiniehweethin dperatio thayoleaperfontnediimediffsrentt her
storage interfac be s orted. Additionall t.he adapto S

descri bed gg%dﬁg@ﬁ?ﬁ%ﬁﬁ{?@?ﬁ}%ﬂ@mnw o0y hﬁ%‘?‘?dqg %.a%gﬁesyﬁ%ﬂe
Channel Prqbge ehd stiilddnfahttoBhd descrited fehibbiifenBOFriiet, &iperatiohd dBeribeti fhere@tlapt or
may support additional transport protocols used for  transm_ssions with the

support ed snayrosger seawantiply excertinopsiahpes matbesprasessrd in pawilel oead furher. transnit
using diffe . tr ] SSi I Skl . I f: ki speeds
o i 11 or BEptig AP Sl B SEERIT ey wi dhoy b BE ool SR

t he physi cainits.i nt erf aces may have di fferent physical configurations, i.e.,

t he arrang uaber of 25 pins and ot her sical .intercpnnectors,
when 1 0 a1 1DFEA o AR o] fittees e ZpBlgmon Al i dRmeb Y BB efo E8Ec

di fferent phusdeGatlosasd alibeiletsiiFIGE. GRAAR. THe aachafetiare 400 mEyinblade apl enent ed
on a network card, such as_a Peripheral Conponent Interconnect (PCl) card
or some ot EPCesODAehiees., HMICHIPIPGHEWE): AMSHOEY Fe4 8-> actaidsie BIRIOTNERYIRCSd on a
syst em not C ;1 ; 2 i - i s, the
interfaceshalﬁﬁQ{taﬁiggg%ﬁ%k%@%@%ﬁ%ﬁgtot[:‘%g’%@g H}g%ﬁﬁfgﬁggﬁggg Jeﬂas %t and are
in a par al |deivesy mitapetdaive oatc. )i Tle staregedl6 may wmphise ahinterndlstadgealemine byan

nbodi h ' f ' djn di ith
oo TR S of Wbl L BRSE Tl HpB S el LB S BAHRA e
on the stomigeoryid0d abaebltey by theHrotessdidy @adddhhePlowiSAGhl404GA4 8 Furt her,

in additional .inplenmentations nore than two physical interfaces nmay be
i ncl uded iaﬁhﬂtﬁgu@lfﬁﬁhqfé?mﬂdﬁéa@l?@é"rféﬁ@esﬁ??ﬂdc?@m’%wé‘g|5?§8?‘Eté%|%f5§ﬁ- {{doadapt or .

[0051] The enbilitig b6i?¥-ﬁﬁpdiﬂﬂ§oﬁné&io§ WWitR-an @nd devidSuch a8 AA¥KCRIvE AbRmBKE HS

occurring in a certail . _
discussed, certain of the devices may have multiple network cards. An input device 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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order. In alternative enbodinents, certain operations may be perforned in a
different 5 order, nodified or renoved. Moreover, operations nay be added to
t he above described logic and still conformto the described enbodi nents.
Furt her, opevataososi4gtescri bed herein nmay occur sequenti @crsesosomaisai n
operations may be processed in parallel. Yet further, operations may be
performed by a single processing unit or by distributed processing units.

10 [0052] RifpaThd crlAmstm ag.es one inplenmentation of a conputer architecture
400 of the™ storage enclosures and servers in FIGs. 6 _and 8. The

archi tecture 400. mayAistrgeiactosurs ferciaerasing yith storage unifs, Gompsisingcessor), a
menory 404 (e'ga’ba Yokatile menory device), and storage 406 (e.g., a
non-vol atile storagé, such as nmagnetic disk drives, optical disk drives, a
tape drive, et caleasthee dotindgestd@ge enelosuiefpieesiving onssteyage hnistaddage devi ce

or an 15 attached or nefwork accessib [ L age 406
are | oaded i nt o?‘f’%ghys}?éf‘r@??#aﬁ?ff%ﬁﬁb%c@lgiﬁé ébagg]gastt Eé@%?g%se}seg&} &%%alf'%’ a
manner knowitiigicaplifle of being pesitichied iti the slotioandteiwithene bfithk irete physicahdapt or  as
descri bed above with respect to FIGs., 1-7 t enabl e,. 0j Nt -t o- poi nt
connect i on W?Peﬁfpré'i‘f‘oﬁ?‘lfe\ypﬁrél,n e@&‘égl’sﬁg’%]aﬂ“mfg‘ke YPPOFEs ddgg‘%ﬁ}cﬁq%ag%s di scussed,
certain of ;fhe.dev GeStctRYeshave multiple network cards. An input device 410

is 20 used to provide user input to the processor 402, and may include a
keyboard, nouse, pen- stylus, mcrophone, touch sensitive display screen, or

any other activationQr._in I Kk ] . evi ce
412 i s capable 2f regg%?tpﬁ g%ﬁ%lg@%;@gaam% Qg%@%@%ggﬁ{%tﬁ%o%%g u%?%@%%ggr 402,
or ot haln canghitectives supipoitedby the phpgitad ynterficed leave diffarent enansmission age, etc. 25

[ 0053] The.foregoinhg description of various enbodi nents has been presented

for the pL?PbVG%t S"Gg' illustration and description. It is not intended to be
exhaustive or to limt the enbodinents to the precise formdisclosed. Mny
nodi fications and variations are possible in |ight of the above teaching 19
WO 2005/ 064482 PCTf UShosaraga gaclgsumpriaim Icvhe ¢ tyvo physjcakinigrages iB i osur e

for int erf%Q%ngkgra&pggﬁ‘%y@g{@atﬁgmri sing: a backplane; at |east one

slot in the's ge enc ecelving one storage unit; and 5 two
physi cal interfaces on the backplane for at |east one slot, wherein one

storage unit |5 canabl &.0ke BEhORPSY, WhgREht Bkt B ok ealfbgetd 1 One O

15 along a vertical length of the slot and are parallel to each other.

5. The storage enclosure of claim 1,wherein an external device is in
communication 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

assemblies using different storage interconnect architectures through the expander.

20 6. The 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

25  device.

20



interfaces for the slot, wherein each physical interface supports different
storage interconnect architectures. 2. The storage encl osure of claiml,
wherein the different storage interconnect 10 architectures supported by

t he physi calwopdosnéages have different transm ssion 'chaaniseisphidies. 3.
The storage enclosure of claim1l1l, wherein the two physical interfaces in the
sl ots have different physical configurations. 4. The storage encl osure of 1,
wherein the phys cal T{h@fsﬁuﬁig‘é%&oﬁﬁG Bfazlw%eile% aie%szﬁar@eyﬁkfdde@émlu th of
the slot and are parall to each other. The storage enclosure of claim
/I, wher ei n ae pefomm:nal device is in cormunl cation with the storage encl osure
and accesses the it

wherein the ext er%eﬁﬁ.ﬁ%%\?/tﬁ%k’eﬁh%%oﬂcgo&bﬁ %l%ggfcﬁtess(%}% Slog%gé%&gtoﬁtﬁ%%g&éegenbl i es
usi ng different rﬁztlﬂﬂaii@gmfdrmanmnastesibragermtarumneqllaeﬂntedmmmgﬂrdtrinfsnmsmnder. 20

6. The stor enclosur 0 a|m5 furt onpri sing: nul tidrop

connect i%n fgstiesse E“ﬁ(f QrREedBiTFRORTS ?IF]E)‘?F gﬁ‘fshwllhﬂgme@fétrow devi ce and
a second ar&ﬁte}ébhﬁ&t%ﬁﬁec%ﬁbﬁoﬁa% tlaRsrhiffod MMardchiigfidsaces in one slot. 7. The
storage enclosure of claimb5, further conprising: an expander on the

backpl ane coupl el¢terminingthe fransmigsiost charastesistin of thevesceined aasarissian; 25 devi ce. 20
VO 2005/ 064482 %@Fnﬂ%ﬁé@ﬁ%ﬁﬁx&aﬁ@ e §€o& g@&ﬁla@?&&lﬁta%n&és@bdﬁéd
wherei n the expander 1 ntludes circuitry £0° orm recelvin

transm ssi owith themdeierreined tramsgession haranteistiess| ot coupl ed to the expander;

mai nt ai )y ng i nformati on.on _storage Jnterconnect rchltect and

t r ansni ]rsblm on 5 éﬁ%ﬁg;ﬁ& 18fqrglgf%oqjglgdle@ ﬁéorsag%pgedgor}rﬁ? %Bﬁﬁ%etto

ar chi t ect urg@gcesy'he trahdibdién Sidodebdiine AkREFRARS forrthe RickRed tatsmikHue

transm ssion characteristics; determning the transm ssion characteristic of

the recei vovhersinthens is one franspa dayerfosiead SI“PERW’@I‘%@“?R?F@FWQP‘P lp#nd he storage
i nt erconnect ar ‘i‘ﬁMa? ;1 i %jth \%tEﬁ’n aﬂ:ﬁ g[ed t ransm ssi on
characteristics; 10 ﬁs %ﬁflgnl?%r matel on on QE% m ned st or age

i nt erconnect archl tecture to process the transm ssi on and determ ne a
transport layer for the received transm ssion, wherein there is one

transport | ayer for each supported transport protocol; and
15 9 The storage enclosure of claim 1, wherein the supported storage

interconnect architectures comprise SATA, SAS, and Fibre Channel and wherein the
supported transport protocols comprising SSP, Fibre Channel Protocol, STP, SMP, and
SATA.

10 The storage enclosure of claim 1, wherein in the slots, one physical
20  interface complies with the SATA/SAS 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



forwarding the transm ssion to the determ ned transport layer. 15 9 The
storage enclosure of claim1, wherein the supported storage interconnect
architectures conprise SATA, SAS, and Fi bre Channel and wherein the
supported t Mamasne44g§ ot ocol s conprising SSP, Fi bre ChanreiriReauowais STP,
SNP, and SATA. 10 The storage enclosure of claim1l1, wherein in the slots,
one physical 20 interface conplies with the SATA/ SAS storage interconnect
archi tecture anqppioédiesneiemet, camptisth@r f ace conplies with the Fibre Channel
storage interconnect architecture. 11 A system.interfacing with storage
units, conprising: ((a)angdagt@asgpplg%@ @?W@@@%‘H‘éﬁuﬁsure conprising: (i) a

backpl ane; 25 (i) aguid%?@%mg {;Iﬁrardeﬁ HRPS SR AR En RGP BAIGI e anieCe! VI Ng

one storage unit; an sical interfaces on tf pl ane for at
| east one slot, wher egiii)cia:cuisytxr@ymmnnmelda@hpdwefstbrasemﬁgcmclt| oned in

th | ot_t t f the t hysi t { | ot
anr ZI g eaghngh%‘\f%étﬁ&qeﬁ OIP&??&%LP%%OWBE%%; ?éﬂ% aﬁg}ﬁgrc&ig?lg&gw Zr gonnect
architectures; aRffaglinléfdodfiebaldhudetlizes”CT/ US2004/ 040418 (b) at |east one

server, corrpri sing: (i) an adaptor coupled to the storage enclosure; (ii)
receiving data forwarded fromthe storage encl osure backplane; and (iii)

circuitry to detgrni 'ﬁegyﬁﬂ%faaﬂ{ Vi, 34Hetein B straPeamiBrdothRt &RANGAIresd

architectures to process’t wherein the server adapt or supports
multiple suppatpdin theestaragereaclosure ahd sexestr adaptor hege diffeeens rensemissién cl ai m 11,
wherein the.sto e interconnect architectures supported in the storage
encl osure éﬁﬁnﬁépgﬁﬁ adapt or have different -transm ssion characteristics.
10 13. The systemof claim 11, wherein the two physical interfaces in the

slots have different_physical con ati gns The sys f cIa| m 11,
wher ei % he st orldge é]:rli‘EIS ?fP@f?IG‘F‘fLL%'i é‘é’Ophﬁsﬁcag %ﬁ%& mdﬁ

backpl ane qQYPLEedn® phidfcabtaitguangncoupl ed to at Ieast one server that
accesses the storage unit assenblies mated in the slots of the storage

encl osure,
14,  The system of claim 11, wherein the storage enclosure further includes:

an expander on the backplane coupled to the slots and coupled to at least one
server that accesses the storage unit assemblies mated in the slots of the storage enclosure,
15 wherein the server is capable of accessing storage units using different storage

interconnect architectures through the expander.

15.  The system of claim 14, wherein each server adaptor includes circuitry to
perform:
receiving a transmission from one storage unit in the storage enclosure;

20 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 architectﬁre associated
25  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.
22



15 wherein the server is capable of accessing storage units using different
storage interconnect architectures through the expander. 15. The system of
claim 14, wherein each server adaptor includes circuitry to perform

recei ving a woacsnésass on fromone storage unit in the stacaaseaphnsire; 20
mai ntai ning i nformati on on storage interconnect architectures and

transm ssion characteristics for the storage interconnect architectures,
wherein the storage interconnect architectures have different transm ssion
characteristics. determning a transm ssion characteristic of the received
data; determi ni . f r SFhetshigtemof eleirad §.ovhersie thersevaredaptor Sirthen inskadesir chi t ect ur e
associated 25 w . 1] t LS Sik g LSt G i ng the

i nformation on %nréielpgor 5nt§£ §-?§§%Sg%a?ﬁ‘?8§‘§‘§ﬁ%e‘§@é?§ ?tdgg%ﬂgﬁelaﬁg’ process
t he transmi whdrein tiendrotittyefonforwarlingrtbaspomissionyte thef deterinined itmosgiovidalyer

transm ssiop,. wherein there is one transport |ayer for each supported
transport pE‘H'P?f(ﬁ? OM8Hd forwarding the transm ssion to the deternined
transporg | ayer .(i)dle¥agZeHeIraRAN 31ty CF ptdtedD 3418 16. The system of claim
15, wherein the server adaptor further includes: a plurality of protocol

engi nes each sup(pbfoﬁwmjhl‘lﬁ}g? frpnsanissfonitp therselepied gratoqoh grgine, whgrsi ben t he

circuitry f L : 1:S B pgfge ! ransport | ayer
further per oﬁgﬁsme@#%g&slgﬁé%fhﬁgat%gé% {ﬁchlcekngaﬁ a |'§¥{?Er(t)t?q%%t ocol engines;
(ii) forwarding the transm ssion to the sel ected protocol engine, wherein
the determ ned transport .|ayer. in.ihe selgcte [ ot engi.ne processes
the data. 17. Thlg sy:ﬁlgﬁ?'%?mc??g]ia’rﬁl ﬂ,.,“?he&%uéﬁlgieﬁga[rﬁgr lg%ggsﬁrrcgiwgf)udes
circuitry tgerfopgs form 10 receiving a transm ssion fromone storage unit in
one slot coupled to . the expander_,  in response to a i(gggeit fromone, server;

and mai Ht ai ni ng TPIFEREAIPRIPIBHOLEYP 28R SPIHEE FRIbITEES A e Fhiertht epaairy
transm ssi qﬁresggﬁgéqgg%dgggtif&% b seh/R€ ap§ Or age interconnect architectures,

wherein the storage interconnect architectures have different transm ssion

char act eri st i cs;mdiftahinginfarmatien or sieregs intsreomnedt archijectviies andcwansmission r ecei ved

transm ssi op,; erm ning fromthe informafi . r i ect

Lransm osi o v, ABLEL B0 ol® RudddShrdollETBALRR, Jik5eif WY RHSad eELARMN
architectures have different transmission characteristics;

15 determining 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 to determine an address of a target device for the transmission;
20 forwarding the data to a connection associated with the determined target device
address.

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.

25 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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with the determ ned transm ssion characteristics; using the information on
the determ ned storage interconnect architecture, to process the

transm ssion to deternm ne an address of a target device for the

t ransm ssi orwo 20080é4s20ar di ng the data to a connecti on asyeav@Eked/ovdsish t he
determ ned target device address. 18. The systemof claim11l, wherein in
the slots, one physical interface conplies with the SATA/ SAS storage

i nt erconnect ar ol t ecy H; A6k ARPLIRE stBfS bidd with B SEtERGEIHREPdnGRisiigt h t he
Fi bre Channel storage'#%t er connect aéch_ﬁ?ecture. 25 19. %e system ol claim
1, wherein the semmmicating withmmagtoraga dhid inferéasingrwith arish physidahinderfagein a and
wherein for .at || east aone storage.encl ; ] r to

mul tiple sele&eOrf é Sg’ﬁeﬁgef%? otre Iwilg fhe ﬁoé Leb?ﬁ\‘:tésr%epgﬁgd(@ ?@gtr“g%gﬁgtg %&E%lonnect s to
mul tiple stspgeo tiybtpsd es. 23 WO 2005/ 064482 PCT/ US2004/ 040418 20. A

met hod for interfacing storage units with %réexte,rnal deyi ce, ﬁ.orr%géisi ng:
conmuni cht i ng V\,i‘ioﬁméiﬁ’gcagflgﬁ"'é ng Siofage HRi MteHacS Witk # Seconq piysi npirest
interface if e s‘iétoovheﬂfth@staﬁﬁgé BRICisEetved i £sedbidoridiRatihQliBbRspedt fo thesisrecei ved

inafirst orientation wt respect to the slot; and 5 communicating with
one st or agewhargin thenfinst gndoseenndibysical injeréasn quppets difforent stosage dutercongect he sl ot
when t he Stﬁwﬁﬁﬁmﬂﬂit is received in a second orientation with respect to
t he slot, ereinthe first and second physical interface supports

different storage interconnect architectures. 21. The nmethod of claim 20,

wherein the different storage jnterconpect , 1 rchitectures supported by
t he physical int rfaé@’ﬂ%@@e‘?}‘:“?&?"@ nYVH?IFl&ﬁléerv‘%gg’ieB'nStor@ﬁ%F’é%f(@an&i cs. 22.
The net pd SEhifek@td¥saboriéh B hd pHyigaltliMerfidy Bivealifféréhttng@@Sionn the slots
have different physical configurations. 23. The nmethod of claim 20, wherein
t he physi cagharagtespticices each extend along 15 a vertical length of the slot
and are parallel to each other. 24. The nethod of claim 20, wherein an
expander on a backplane is coupled to the first and second physi cal

interfaces in t2. sl Gthe mdterdeofivladm@iuwherainitintwel phiysicalentesfacrs aigtheslokt  usi ng
the different storage intercqonnect architectures occurs through the
expander . ﬁﬁvgﬁéfﬁ%'gebysaﬁﬂiﬁ?ﬂg%&%%% t hr ough t he expander.

23.  The method of claim 20, wherein the physical interfaces each extend along

15  avertical length of the slot and are parallel to each other.

24.  The method of claim 20, wherein an expander on a backplane is coupled to
the first and second physical interfaces in the slot, wherein communication with the
storage unit using the different storage interconnect architectures occurs through the

expander. interconnect architectures through the expander.

20 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;
25 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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20 25. The method of claim 24, wherein the expander perforns: receiving a
transm ssion fromone storage unit in one slot coupled to the expander;

mai ntai ning informati on on storage interconnect architectures and

transm ssi oo slogbasder i stics used for the storage inter eerugedod/o40418
architectures, wherein the storage interconnect architectures have

transm ssion characteristics; 25 determning the transm ssi-on characteristic
of the recel ved g thishfion o'k BE@imindstbiagiinkdiSorrbbiQidMileb AR thhe. St or age
i nterconnect architecture associated wth the determ ned transm ssion

char act er i siroeess the traDisHOEHBHIRIERIRE TSIy Y fo4the recgived fransmission or nat i on

on the determ ned staor i nt erconpe | 0 s the

transm ssi o‘?‘lheé?‘}ﬁgrlféet 15roﬁ?ﬁ'%nsgoﬁtl%?'ﬁlé;{;05%%Chﬁgwﬁegw{@gp?gg@%lv%?t ransm ssi on,
wher ei n there i Sofnedihg thietpashishkioy & thé deterasndd tsanspart tager. t r ansport prot ocol ;
and forwarding the transm ssion to the determ ned transport layer. 5 26 The
met hod of clai m-20, wherein the supported storage interconnect
architectures conprise SATA, SAS, and Fi bre Channel and wherein the
supported transport protocols conprise SSP, Fibre Channel Protocol, STP,
SWP, and SATA. 26 Thé%mdﬂm offelaim 20nvizgein Wigcssupportad ftarpge igtestognecbne physi cal

interface 1Q.c | it [ i . chitecture
and anot her“%ﬁtfg‘?qgeglcgﬁP%%ee r‘?rgggsgé@:’\np ?@ge %B%ﬁl@?%lg v@liegél{ei g}aﬁﬁloe dst or age

i Nt er connectanggortprowedls cempAs. SSM) Fibrdé ChdnneldrotvaolySEE L SMEB, dndrSATA.er f aci ng
storage units with an external device through a first physical interface or
a second physical interface, wherein the storage wunits are inserted in

slots in a storagge engkawiicd of MiehQ0Nwhdiein 3 th 6lofs, 6he pRRIthPREtHa6e Causes 15
operations to be perforned, the operations conprising: conmmunjcating with

one st okagecomplies Witk therSeT VG AR storageniaterdopaect phisecesr andenothespbysi@hen t he
storage uni.l@erd ﬁ‘%ﬁigﬁ‘gith bheribe (Sanfdi s it Rottlebt bt fifRRFS, L0 one slot;

and comunicati ng one storage unit rnt e%?am ng wth the second
physical interface when the storage unit is received in a second orientation

Wi th respect to . the slot, wherei 20 the first and secon hysi cal

i nterface supports d?{"f36';1%1?1PF%&ﬁﬁgeif?ﬁlgﬁeEéﬁﬂﬂ%ﬁth&Fb‘ﬂ’ﬁ%‘é’ﬂ}ﬂg’i’g’gt?mglg_ The
article of Jveiefaedghrarief piysihlhiHace/dtrseéond phgsichl ifteifae] whéreihdgestorage

i nt erconnect _architectures supported by the physjcal, interfaces have

di fferent tyniansiinssriedhin slots ing §tasage enciogure, wherein the article of manufacture causes
15  operations to be performed, the operations comprising:

communicating with one storage unit interfacing with the first physical interface
when the storage unit is received in a first orientation with respect to one slot; and

communicating with one storage unit interfacing with the second physical interface
when the storage unit is received in a second orientation with respect to the slot, wherein

20 the first and second physical interface supports different storage interconnect architectures.
29.  The article of manufacture of claim 28, wherein the different storage
interconnect architectures supported by the physical interfaces have different transmission

characteristics.

30.  The article of manufacture of claim 28, wherein the two physical interfaces
25 inthe slots have different physical configurations.
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30. The article of manufacture of claim28, wherein the two physical
interfaces 25 in the slots have different physical configurations. 25 WO
2005/ 064482 PCT/ US2004/ 040418 31. The article of manufacture of claim 28,
wher ei n t he vopeu8hésagds further conprise receiving a trapgfhkseodsdsisom one
storage unit in one slot; maintaining informati on on storage interconnect
architectures and transm ssion 5 characteristics used for the storage

i nterconnect archite r [ . ' itectures
have transm ssi ocjﬁ chg{trhgc e}ei %Q%IE&JEH%?%%I%%%P ﬁ%ﬂ{tﬁé%@%ﬁ@@sgﬁ&ﬂ?

char act eri sdonprieé t he received transm ssion; determning fromthe
informati on the storage _interconnect architecture a]rs?_oci ated wth the

det er mi ned t r ansf{eERR RS ?IEPP?:it?ra%mH P8 e& i nformation on the

det er m ned st or 3ginthiirRIiARANSEIN G ShthiSintetfofndcP arcPit@@eS atd arksim@RRA1 SSi on
and determne a transport |layer for the received transnm ssion, wherein
there i § orrbaraptsristise used fay e stomgedatetrorngshasehitaturesanBgsin thpstorageol ; and
forwarding ihidfoh@P2h AL Hade tBSnHSIE dhReflitagnsport layer. 15 32 The
article of manutacture of claimZ8, ereln the supported storage

i nt erconnect ar cletetreining tbs transnpssicnechavadtéristBAS themeckiFedoransfiisgiongl  and wher ei n

the supported tyransport. pratacpls conpri.se SSP. Fi bre nnel Protogcol,
STP, SN P, and defmanmgso e el B et Rlere gt GrentRER o ef
the arti cl eyigf theaeteindbédrghsmiddiohticha@stetigiet;r uct i ons t hat when executed result

in performance of the operations. 26 . )
10 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.

15 32 The article of manufacture of claim 28, wherein the supported storage
interconnect architectures comprise SATA, SAS, and Fibre Channel and wherein the
supported transport protocols comprise SSP, Fibre Channel Protocol, STP, SMP, and
SATA.

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

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