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Many of today’s computers are designed with a

“backplane”, which is a circuit board containing sockets
into which other circuit boards can be plugged in. For
example in personal computers, the backplane is the large
circuit board that contains sockets for expansion cards.

Server-type computers are frequently outfitted with
a “hard drive backplane”. A number of “slots” each have
a connector for a hard drive data storage device.

The backplane of a computer system only accepts a
fixed number of devices. A popular interface for
connecting devices to the backplane is known as SAS
(Serial Attached Small Computer System Interface). SAS
systems are point-to-point configurations that may use
expanders to act as intermediary devices between
initiator devices (such as hosts) and target devices
(such as peripherals and typically storage devices). The
expanders allow for systems in which one or more

initiators may have a connection to one or more targets.
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Li ke other of today's peripheral interfaces, the SAS
interface is designed to permt "hot plugging". This
is the ability to add and renove devices to the
computer while the conputer is_running, such that the
operating 5 system autonmatical |§ recogni zes the _
change. SUVMARY OF THE I NVENTION I n accordance with
teachi ngs of the present disclosure, a system and

met hod ari&edesdritbed frardasy * sreddOibHra MBRRIdWELHeSK the SAS
dr| vz f a dat storage system 10 to server
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as whidel ¢ hexicetmpiuft eirheee Metre dp, XRAG & Hhe dBNed ng
uses the | DENTI FY address frane data of a SAS Iink to
> 15 SYSLEMPNE CRIRétiverl Iy d@rqaniizes drectlethden each phy
of QR whet her the device is an
xSIMERY tevﬁeﬁz’é}isk_ drive). The nethod
assi gnsIa Beviog@ahlet &i@aC R HHS fHd 6 Ithe SRt em

This Device ID may be used for disk 20 nanagenent
f URGEF3RSUTSUCR &Y stent rold imeg ldre drfeDsicarertifed IFard a

Th t.hod "persjistent” in the
S'eﬁ%g‘{?%a?o? PR PG i e Gerase exsten
l"gﬁit ‘?ha%it %r a%%ed when

subsystem of the server 25 has expangers or
BRPEF DPESTRKFPTFBN ERpIHEcDRAWSNGS A nmadaomldahﬂonal disk
ungerst andi n of .the glres nt errbodl ments and

advaﬁf’gaesap eP'8of ReYSbEEc fiMee diye memberiing ssheme as
t heohokl ewiBg desehipti @R Laken &%anders. The method uses

the IDENTIFY address frame data of a SAS link to

determine whether a device is connected to each phy of a
controlier port, and whether the device is an expandexr or
end device (disk drive).

The method assigns a Device ID to each disk drive in
the system. This Device ID may be used for disk
management functions, such as controlling the LEDs on the
hard disk backplane.

The method is “persistent” in the sense that the
Device IDs for the drive slots are the same regardless of
whether or not the data storage subsystem of the server
has expanders or not.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present
embodiments and advantages thereof may be acquired by

referring to the following description taken in



5

3 conjunction with the acconpanyi ng draw ngs, in

which |ike reference nunbers indicate |ike features,

and wherein: FIGURE 1 illustrates rel evant portions of

a server system 100 havi ng a SAS-configured data

storage, 5 including a 6-port SAS expander. FlIGURE 2
illustrates how the disk drives are nmapped to drive

slots in a systemsuch as the systemof FIGURE 1 but

Wi tdrond utdiei @x pangier & hél 2R mBahi L St wihe .. :
di sk drives are mapped 10 toédfrl%\klgés?g%‘gf‘?ﬁgt h%ﬁ which like
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expangdeim 10 GURE thd |d usds at ese e, disk drives are
mapped 15 to dri veésl ots in a s%%‘?n%%% BCTHE
sy st GURE pprih BASvatoandéhe expander. Fl GURE 6

illustr the disk drives are mapped to drive

slots i?@ﬁ%tgﬁlﬁtrﬁt&ﬁ?@%’ BT A 16D DESERH Rt<OMapped
OF tBHEAINVENRIN: 20, B gﬁl.—‘t [ trat.es rel evant

portions of a server syst e(_:‘}nn 1%%%%/? ntghea system of FIGURE 1
SASwoniitdurued tdet aexgteordage. For purposes of this

descri ptj syst.em 100 may be any "information
handl | ng‘llg{igiferﬁ' ﬁé\H%’f@fa&?@ dtt i tghe el hatdristorage.napped
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instrumentality or aggregdte ht'al i ti es

oper _abl @le?@)m)liﬂé,usﬂr_&&ﬁé )he]l&\%ﬁ:s%orttri%}x%mc;ﬁ a server
receive, retrieve, originate, switch, 'store, display,

e FESTT, 44ét SErV 1 ni%e coFdS apiganed iad sitamge,
Utﬁhﬁ@%ding a 12-port SAS expander.
FIGURE 5 illustrates how the disk drives are mapped
to drive slots in a system such as the system of FIGURE 4
but without the expander.
FIGURE 6 illustrates how the disk drives are mapped
to drive slots in the system of FIGURE 4.
DETATLED DESCRIPTION OF THE INVENTION

FIGURE 1 illustrates relevant portions of a server
system 100 having a SAS-configured data storage. For
purposes of this description, system 100 may be any
“information handling system” having SAS-configured data
storage. An “information handling system” may include
any instrumentality or aggregate of instrumentalities
operable to compute, classify, process, transmit,
receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or utilize
any form of information, intelligence, or data for

business, scientific, control, or other purposes. For
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any formof information, intelligence, or data for 30

busi ness, scientific, control, or other purposes. For

4 exanple, an information handling systemnay be a

personal conputer, a network storage device, or any

ot her suitable device and may %ary_ln si ze, shape,
performance, functionality, and price. The

information handling 5 system may include random
accessnmienoran (iREMsmaonies rhamdl engr Nehy 8SOW C5Srsonal
such as a central processing wunit (CPU) or hardware

or STHYSe CoMSoCTRogitor eV desiel orontdmy atipes ofitable
Nonya) satd | i ti0 onponent s_ of the

i nf or nlg%él gﬁl hangl %(’r?gr%;sj?/lsr{ es%lnéraréa’y Slckh Ud €0 TS mror e

di slurdriives1iang end e el Worde P ASrd ion handlin
communi cating with external devices as well as various

i npStEAY TGt pac Ladeor adelam e cest ey k(e'~§MDh )g,lr thned or
o vi.deo di splay. The . information handling
syg[tﬁ%r% %aq%c%lsss&qﬁgnaelf r&%/‘?eg oﬁu%ﬁéf@% aecasging
15 untian Sty ) C AT Gl NS D &L RS, o US) o3
harddhrz cgnponents. In FIGURE 1, otﬁé%ﬁ%%§h$¥¥%§%ku%9M’
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t
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e
comruni cations. In accordance with er :
pr coggsinigasyage mitho eixs errefAr e ilce heleeid 1 189 A% arious
“initiator", is typically a data storage server

25 1P 87l BBFEof THPOLRE VA, Ssy S FORHLOB ek cyemediskca

drh%%%e%oéndDﬁiwgae%oﬁiggﬁa&n d % %% of%é%?gno%%dglagg
system may also include one or more buses operable to
CLransmit communications between the various hardware
components.

In FIGURE 1, other than the data storage system,
only the most basic elementé of system 100 are explicitly
illustrated. It has a processing system 109, having at
least active memory, a processor, and a bus for internal
and I/0 communications. In accordance with SAS
terminology, processing system 109 is referred to herein
as an “initiator”, and is typically a data storage
server. .

In the example of FIGURE 1, system 100 has ten disk
drives 101. Drives 101 are in data communications with
the rest of system 100 via a storage controller 105. 1In
the example of this description, controller 105 is a RAID
controller, which permits the server 100 to see only the

controller 101, which deals.with the drives directly. &
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the rest of system 100 via a storage controller 105.

In the exanple of this description, controller 105 is

a RAID controller, which pernmts the server 100 to

see only the 30 controller 101, _which deals with the

drives directly. A5 RAD (Redﬁndant Array of

| nexpensi ve Di sks) consists of two or nore disks

working in parallel. The disks appear as one drive to

th r(R GirtterArarancie dl perdorsiane i sits )sesitd gt s of
or..hoth) . The software .to performthe RAIDS5

guntc“?)l (?tr?aln}otrye adrs%cfkcson orr&f'lqgﬁe”ha‘?adri‘j]i%- i sSTheoitsdeP @ppear
COnd @reLlarile LHMHOILIr 103, fUUAINS &, %%Sed /p%rfo mance
control ler (10C) 106, which control's inplt and outpt

t 0 FndeueThtoheladi Sothdri vekhe safmendance ;ygxtﬂbtxf]nh?;#e RAID-
SAS standard.. Controller 10 105 communi cates wi e

r es%tuncf%lso ftciéﬁylﬁdldvicé’%r&j‘s they paxd digkampise l@RCed on

t yReuS1 16 gRtosof the disk drives 101 are connected

to a backplane 103. Backpl ane 103 has an associ at ed

backpl afenteoitleal ers Hefaaits Sy HeMIRD @geNasat1oc)

| east  one .nmedi a bay backpl ane 107. Medi a bay

bagf? |’aﬁ’gllrf%7 SontgadisydedPito 36t mUtputndtcalarat ifowmofthe disk
addiztivanal Ped PeLAl AeulGes Sy Lomared fo the 1)

internal slots o ackpl an
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as 20 being "exposed" or "accessible". Medi a
backplrak€r167aMRde &n P&dsdoinst ddiscontrol | er 107a. In

the exa of -F RE .1, the nedia_bay backplane 107
al so ingﬁhggsognkggpgﬁ & 3755 LR1sASe EPRPRSLEGy to a

anbaekpaader 1oss apaekipdankhaly3phay des ,ar JAk, Eétggckplane
WIE:Igntroller 103a.
System 100 also has at least one media bay backplane
107. Media bay backplane 107 is designed to permit
installation of additional peripheral devices. As
compared to the internal slots of backplane 103, a device
installation in media bay backplane 107 is referred to as
‘being “exposed” or “accessible”. Media bay backplane 107
has an associated controller 107a.
In the example of FIGURE 1, the media bay backplane
107 also includes an expander 107b. In SAS terminology,
an “expander” is a device that provides an initiator with
access to additional targets (and vice versa). Expanders
provide functionality similar to that provided by a hub
or switch. Expanders can be connected to other
expanders, SATA target dévices, SAS target devices or SAS
initiators. Expanders connect initiators to targets,

constituting a SAS domain.
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25 access to additional targets (and vice versa).
Expanders provide functionality simlar to that
provi ded by a hub or switch. Expanders can be
connected to other expanders, SATA target devices,
SAS target devices or SAS initfators. Expander s
connect initiators to targets, 30 constituting a SAS
domain. 6 |In system 100, expander 107b is used to

i ncr easért sy smenbar 0of ediavetedt Nat7ican hesPMEGREG de the
g%ﬁgFJer 105., Expander 107b conforms to SAS
AfhidH VES thedc §$edd F e Bwsk groo et ricd Iy 105 .

IntE%a%%xstl%%afc%n%ow f&odeéAé‘e}a{‘aragre g@&%@é@?&n

interface with |n|t|ator an

th@1$n@m&b@ dfn Eh@UBEckgrQ%ﬁﬁﬂdﬁk;%QFQdﬁ%ﬁ%égé(sd%Haérd
(x6 expander It is an "edge expander." As stated

5 ab#d Chd fieid nesnthon! leapands it A el ldn inter$ASe with

contr;Ql;l 106, i.ch | caonnected to both backpl ane
coﬁ%rgﬁﬁgrr q ﬁ&gﬁédlg VB4 Tontrol ler 107a via

Si debandnst%@ak&amﬁg S2NEFTRIURE 110% rﬁj% %gr ethO|7¥> is a six

connected to Drives 1 - 4 on backpla
fi POEtpdre) SABamdetr-ol II&r islmnl0%dge @ixpaaidey .

connected t erve§ 9 and 10 and to expander 107b via
a secong‘S g? € Rd&r TEHYS §CPﬁ§ﬁll€6hﬁ@ét§@nFélns an

O 665 chrBroThics qr@@fl GHE Ak QR Il dd lLUS
the concepts described her ei n nayng Ctgg e%d% G o%gc}(plane

|n@pnﬁéO#&ErlQwéabaoﬁpmadea bayd cdinftfreni@rtr 207a via
ol.o % and dgive counts. One function of data
st 85 a@ nfr8fPef 105 is to control the status LEDs

associ akgd Wohhrbhedrihye §Eo%§rectly connected to Drives 1

- 4 on backplane 103 via a first port. SAS controller
105 is directly connected to Drives 9 and 10 and to
expander 107b via a second port. Expander 107b is then
connected to Drives 5-8. This configuration is for
illustration; the concepts described herein may be
extended to include multiple backplanes, and different
topologies and drive counts.

One function of data storage controller 105 is to
control the status LEDs associated with the drive slots
on backplane 103. For this purpose, RAID software of
controller. 105 uses SES or SAF-TE commands delivered to
the backplane controller 103a. This requires that the
controller 105 have some means for mapping its ports (and
the drives connected to them) to the slots of backplane
103.

In servers with hot-plug backplanes, but lacking sAS

expander 107b, hard drives complying with the parallel



on backpl ane 103. For this purpose, RAID software of
controller.105 uses SES or SAF-TE commands delivered
to 25 the backplane controller 103a. This requires
that the controller 105 have sonme neans for mapping
its ports (and the drives connécted to them) to the
sl ots of backplane 103. In servers with hot-plug
backpl anes, but | acking SAS 30 expander 107b, hard

dr st compladn and i @A QI d6krd1a o S Al dhe e sve
are_ sinple to correlate to the respective rive slo
inQMﬁWﬁ1%%%Wjﬁé§ﬁd§h'ﬁh%yiEﬁ@@bauseannnMﬁdeHﬁﬁe
ar |_.backpl.anes are designed so that,
oy ol SR 'S e fhieenas var sldmianed so
| neerdued digiandicyl cTargR! didd SimEl it G RATE I v
ID, as the slot nunber of the backplane. IS 1S

5 acd&msititsived the [SEPFi Agryre tgrunidi ngetsignaliee Wadd®rive 1D
backpl.ane connect or for each slot. FIGURE 2
i | POt st 8 %O\R’iuf“% Y&t M8 S Perianear igélﬂg tri*a:‘@pped to
dr iavecHipQtis Hed & %h?ﬂh%#%ﬂ~ S h
Iagkingpgﬁ efpan52§. n Fl GURE 2, e&b_ poﬂﬁa) I?n t_e
cokEcHplanel @dnnscassocioat ethali tdlcx .si ngl e "phy". This

IS i t_t he system descri bed below in
oot OFBE R BHORe e Bonerertt e e
b " wind t t .uses e than.one p 0

10 OoTARPRS, HenRYe! B! SR ST NS, B a0 bue
di teckliygt encaxbandeirve Ifl FTourEgh baclkpl gre1Q3F The

correlation between drives and their slots permts .
ea§9n55ﬁhg8F éfPoeaéhagppgd ateds witths astsdtngd el Fphyby  This

th@sCQBtEBhkggstpggttgecggg%%%§d%%cribed below in
connection with FIGURE 3, where a controller port may be
15 a “wide port” that uses more than one phy to establish a
wide link. |
In FIGURE 2, each phy connects directly to each
drive 101 through backplane 103. The correlation between
drives and their slots permits easy control of each drive
20 slot’s status LEDs by the controller. Port 0 connects to
Slot 1, etc. The controller updates the status of the
drive based on the assigned Device ID, which also
corresponds to the proper drive slot number.
Thus, referring to both FIGUREs 1 and 2, 1in the
25 absence of expander 107b, a logical method of mapping
server slots to the drives that reside in them is to use
the port (phy) number of the controller 106 to which the
drive is connected. This permits the controller 106 to
control the status LEDs for the slots based on the port

30 (phy) number.
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Slot 1, etc. The controller updates the status of the
drive based on the assigned Device ID, which also
corresponds to the proper drive slot nunber. Thus,
referring to both FIGUREs 1 and 2, in the 25 absence

of expander 107b, a |ogical metfod of mappi ng server
slots to the drives that reside in themis to use the
port (phy) nunber of the controller 106 to which the
drive i sircdrieectced igitas ipet B FIdURE ANt nadwefe L06Hh
conirol the status LEDs for the slots based on the

portCe ¢ EhA™ rﬁi‘rﬂ?éﬁe% 1970 t Hehe arFa s et kesfd
FI @é%@e]l’atrl@’l\ﬁ\ﬁgt'h?@'cﬂ%sd% Wrei«: an Xpander O%lcoa}%ek_all

t he above-descri be correl ation netho :ﬁ%éf

ThiSAg sieheicass e iald1udSAy desaeteA INCIding S RaRiress, in
107h) have an address, in 5 the formof a 64-bit .

wo it f it @ T &te 3 WAL twinasH dvsl dsetnanghelWile  deviate diss set
ma ctyre hi s .SAS address is. used during _
co%ﬁll f:tgltrel ?ﬁ?;gv@\net hl%t ﬁlgnggﬁfndﬁedandﬁﬂf ey iadgess is

Fl QR Juirilnds idoaines ik IR o 10 defd %@%d&\% 5{51% end

10 the systemof FIGURE 1, storage contr er 1

di §€0Vees - di sk drives and assigns Device | Ds. The

haded ' of FIGURE 3 represent_drives |
ioﬁn:ct é %&P%née&ﬁ&uﬁﬁfaﬁg&ﬁ g%é%@ £ord defiarider how, for
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101, which is used for 15 communicating W

andifsér dgdmesl anidngstsignsdiDiewe deo IDsser igle $HeidedT RO rtions
system.| ut is configured so that the |owest

nu eggg ot GFPARY idrdvies commested 6 a mediewbely

backplane 107 and expander 107b. The Device ID is a
number assigned to a drive 101, which is used for
communicating with the drive and for correlating the
drive to a server slot.

The system layout is configured so that the lowest
numbered slot on any device is connected to the lowest
numbered Phy for that device. Device IDs are assigned in
the order of discovery.

The layout of Phy to slot is correct regardless of
whether server 100 has any expanders. When a drive is
not present on a Phy, the Device ID is reserved. Thus,
if a drive is later inserted, the ordering is preserved.

For discovering drives 101, controller 105 traverses
its ports, beginning with the port containing Phy 0. The
discovery process traverses all devices on Phy 0 before
moving to the next port, and so on. When a Phy is not

part of a wide port, the port and Phy are the same. When



nunbered Phy for that device. Device |IDs are assigned
in 20 the order of discovery. The |layout of Phy to
slot is correct regardless of whether server 100 has
any expanders. \Wen a drive is not present on a Phy,
the Device IDis reserved. Thus? if a drive is. later
inserted, the ordering is preserved. 25 For .
discovering drives 101, controller 105 traverses its
pormwslt igde iy aset hpadte q:ﬁ)ralt lmgd g darpr%e&oer?ﬂqs
di scover ocess traverses a evi ces on Phy
beﬂd?ggﬁﬁﬁﬁdﬁfQQ§% Héish &unor ity sl Ry son. hV\hen a Ehy
i's not .t e I ort d Phy .are the
sane. V%Igﬁtg)l mul p]1 O%ﬁyi zgr}{ehepgrtSt F SN - SoHevice 1D

di Scdieer Wiriisresperfaor et agr assekdieadd W | t%é:’fcdarrﬁé%pondlng
In_the exanple of FIGURE 3, starting wi th Device

5forDedfrJ10\<Fe§Dt Het aﬁs@cd@t@ﬁckﬂtdhéif@fﬁlqmemmber When a
lgbrels(,%o i ng . g)rDes n(‘te | D | ;p a::ocg %l W th tPIe/OsI ot

en a drive'i1s not

ci oot ioha b O CONILPrlex0l A LARANILS ), 851 4R,
a server slot, the Device ID nunber is Sklpp Thus,

i f Q?d‘tlﬁfeng}Dr @u"dnetradhre@m@mrw 3,Thats ,Chhﬁl()fdte&p@’lf dds to
Slaot .4 e vi.ce LD is sKi ped Then, if a device
IS%%&% %fp%94 l@W%F FARONSS it S1Pt34 .| rhe
10t higeviieeneh, i@ isk@ppel.- 4Halie qs:s'aG%dnﬁevu% Iprﬁﬁen% in
- 3. When an expan er I's connected to a Phy (o yS
i nSltOIte‘lcaee ofild \Wade Pentice ICOM.r OlTrerhE@S manner, drives
covers the 15 drives .in order (fromPhy O to Phy

x) on h§r§x6§ﬁdQPEdaﬁ@V&§§ld%éSDQV|Cé ADs in the sane

manner, WE@ﬁeﬁﬁ'@Qpaggﬁ&c§s|§%ngg 2§ 4 hat 2 3 Qor Phys in
connected to enpty sl ots an

the case of a wide port), controller 105 discovers the

15 drives in order (from Phy 0 to Phy x) on the expander,
and assigns Device IDs in the Same manner, reserving
Device IDs for Phys that are connected to empty slots and
assigning Device IDs for drives that are present.

In the configuration of FIGURE 1 and as shown in

20 FIGURE 3, phys 4 and 5 of controller 105 are configured
as a 2X wide ports. They expand to slots 5 - 8 on
backplane 103, and hence the drives in those slots have
those Device IDs. Phys 6 and 7 are connected to Drives 9
and 10 on the backplane and those Drives are given

25 corresponding Device IDs.

The above-described method can be restated in SAS
equivalent terms. 1In an SAS system, an identification
sequence is key to all device-to-device communications.
During the identification sequence, SAS devices on an

30 operational link exchange IDENTIFY address frames. An
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assigning Device IDs for drives that are present. In
the-configuration of FIGURE 1 and as shown in 20

FIGURE 3, phys 4 and 5 of controller 105 are

configured as a 2X wide ports. They expand to slots 5

- 8 on backplane 103, and hend€ the drives in those

slots have those Device IDs. Phys 6 and 7 are

connected to Drives 9 and 10 on the. backpl ane and

t hdDENDIFYegdare sgi eram2b omrtraeisrpnrﬁdiﬂmgmiag\iiome g&lug@.t the

The above-descri hed .met hod can be restated in _
eqﬁlo\l?glegﬁte%t %%ﬁs *MiC8n SKSTs st S 8PS deldriemiscamiherher it
se isS t; hce- Qe .
o e ot B R S dalE e SSRaqubReT it is

SAS devigees oon ian t3@Gtopeoat e, ldmk texCharRdee Type. A
| DENTILFY address franmes. An 10 | DENTI FY address frame
coREYLRE ITHP6r FRDY B &BoGKPEREe: eheédt etdSAsSvdee tape.

[ > .ad it t tain
o ot seare e b oAran S WA SR Rl Rea by

| Nt Basod nak ibebl, waed thedRRUER riY RatAdeviesCe re
Type can be an expander or an end device type. The
i NPEEREEFOAT FhehEASDENTREY  addhesde f they pseusedaky or

a SAS. Lottiator .when it .discovers what devices are ,
prgggﬁ%gkhkt?gvéﬂgsdoﬁggnF%ﬁhg?ﬁ%PcPﬁéytgﬁg tHPgertor This
| nihifairAatden ¢eSreangnthetlf ¢HRCAAE GheY 18WBROT Lising the
This 10 information is returned to the SAS initiator,

usPMf PRECOSKR DPrBUanERLedAwaiddl ahleowhsgdtibeoSABy

di ver al gorit Via SMP commands, initiators are
aL gg?gl PR ggﬁ? Eﬁ%oFﬁﬁ??&ﬁsabéﬁﬁtﬂﬁéoéipéﬁﬁePPl§u§ﬁ find

asotibeingsbrpat9bn Qhﬁﬁti@hEh%x%éB@@qgrsukgeagygﬁeokumber of
devi ce connected to a 15 particul ar expander phys,

i nPbyfathohhabeuranferexphrdeype of device connected to a
particular expander phys, information about the expander
manufacturer, etc.

To map its ports to drive slots, controller 105 uses
the IDENTIFY address frame data as follows. Starting at
Phy 0, it reads the Attached Device Type (ADT) from the
IDENTIFY address frame data if received. If no IDENTIDY
address frame is received, i.e. no device is present,
internally the ADT is set to “no device”, then it
reserves Device ID 0. If the ADT is set to “end device”,
it assigns a Device ID 0 to the drive connected to.Phy 0
which corresponds to slot 1.

If ADT is set to “edge expander device” or “fanout
expander device”, controller 105 discovers all devices
attached to the expander by assigning each Phy with a
device present to the next Device ID and reserving the

next Device ID if no drive is present. Once all devices
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manuf acturer, etc. To map its ports to drive slots,
controller 105 uses the |IDENTIFY address frane data

as follows. Starting at Phy 0, it reads the Attached

Devi ce Type (ADT) fromthe 20 I.DENTI FY address frane

data if received. If no | DENTIDY address frame is

received, i.e. no device is present, internally the

ADT is set to "no device", then it reserves Device ID

0. 99 thfe eAPRNGes@tret ol ' atexd ce'he ddntassigs @5
De%k%&ﬂA%C)tot%Petdrive connected to. Phy 0 25 which
corTespongs t'o 41 gttS1 oW DR iM% diokto "edge expander

devi ce" yWfen TRRQUL, vice" t.rnal | er. 105

di scovers all devi gg?ﬁ%{‘?ﬂ&r?%l‘}%ed t%oenctg‘%pl&ﬁe er OD:;‘“H have
assi GHangedac poly awietch 1d stdevi G virces ems .t 0 Rt &t roller
Device I D and reserving the 30 next Device IDif no

dr ?{‘\Pé IS EYe e GRESCaleVdA dés tpr cmeratie efpardert

ar ¢ gisscovered, the controller 105 continues with its

own next Phy port. Wen discovery is conplete,

control FEGURES Wi |- ehdue usa rspa $8ley speRulneddd $ts of
Devjce I.Ds.. RAID controller 5 106 can now use these
DeieSETHBES GPONEr at e TN EIQURE 4,EDS keFIS@ERER 4.00,6 system

il st rate t S t as __described above.. In
Flé%%El%,% |%§Ss$§?g%§%%%% §§sré © FIGHCE -an PSKgces of

10 comfyisgemed 08t ehage cdyseemondeiccas kef abQisxst em 408 em 100
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that correspond to |ike devices in system 100 ar
si AFFafLiRamber BdmbpsReyer Howeveyst ém 498t cex gangeexpander

407B-has 12 Borts, Fl 1y zrates di sk drive

mappi ng 1N %Eega%EShcgyg Y eSe%B HEEFates Prebrdréye
mapping in the absence of the expander. In FIGURE 6,
four controller ports are configured as a 4X wide port
that expand to drive slots 5 - 10, and hence the drives

in those slots are assigned the corresponding Device IDs

minus one.



four controller ports are configured as a 4X wi de port

15 that expand to drive slots 5 - 10, and hence the

drives in those slots are assigned the correspondi ng
Device IDs mnus one. 12 WHAT IS CLAIMED IS: 1. A

met hod of mapping ports of a SAS controller to disk

drives in a data storage system the data storage

system havi ng at | east one expander for connecting to
ONWHATOrI e MK i ves, and the controller having

ports for x nunber of connections (Phys 0 - x),

conpri silng: & &&&ihAh P farmagAs nDRNT Y @it dr 635S fearmeroller
on .eac V....Qf _the controller: beginning with the

portt% éilt SIS o & écaotn"’f a?%‘?%agggl"@’% 0:th¢ 43 storage
| DENHe agariess 4 amd NdLAlSSH ANy 1A d8¥IL& ing to one
associated with that port is an end device, assi gnl%g
SDevArc @A @litsk tdyvdtvedeviage] tile tdwnt AN FYhdviae ports for

i ndi cat €S that the device 15 associated with that

port THOSF &KpHrddeCHE Y Y s Bevi ¢ 1 FYRT heing :

each ne il N { P that

expandeﬁe%l"\r?glgllgélN)'lslAé\}%al\) resp? f%dr%eél&s Er%%:%el voend,eaCh phy

I ndifcathes canftatolierdevi ce i s associated with that

port, reserving a 20 Device ID for Phy 0; and

repeat i GRS 2P0 e Bt it RATPIRE the eqsftndlgler containing
1Ocorﬁﬁgp1§Jier, assi gni ng each next successive Device ID

in rder of discovery of an associated disk drive. 25

2. The net hoe CDENTEMN hddrddherr HMPIHEidtes that the

device associated with that port is an end device,
assigning Device ID 0 to that device;
if the IDENTIFY frame indicates that the device
15 associated with that port is an expander, assigning
Device ID 0 - x to each next Drive 1 - x that has a Phy
to that expander;
if no IDENTIFY address frame is received, indicates
that no device is associated with that port, reserving a
20 Device ID for Phy 0; and
repeating the above steps for Phy 1 - x of the
controller, assigning each next successive Device ID in

order of discovery of an associated disk drive.

25 ' 2. The method of Claim 1, further comprising
controlling status LEDs associated with the disk drives,

based on the Device IDs.
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controlling status LEDs associated with the disk

drives, Dbased on the Device IDs. 13 3. The nethod of
Claim?2, wherein a RAID type drive controller receives

the Device IDs fromthe controller and controls the

status LEDs. 5 4. The nmethod of>Claim 1, wherein the

| owest nunbered drive slot of any device in the

systemis connected to the | owest nunbered Phy for

that devi.ceThs. mEfdodebliod lefinCl2gi mhkrefiur th@®AID type drive

risi 10 inserting a_disk drive into an enp
drl 8t§ng Tah§CeayEfghithg PEViteSeriRsd fnan & 'qqgroller

t hahadisk i Le ¢ . sla%u%egﬁ%% of daim1l, wherein the
controll'er Treceives data fromthe Device Type field

of the IDENTIFY 15 address frame. 7. The net hod of
Claiml, wherein the controller receives the | DENTIFY
5 addr ess 4fr amBedBeE PR PésFAR4E tlo WhersvR Ehemaewess:

ph [ expa The net hod  of
Cléﬁwg%?gahg?gv% Fﬁgtség ggﬁ%g%%lce in 5P§C5y ﬁem is
conmhngcted to the lowest numbered Phy for that device.

5. The method of Claim 1, further comprising
inserting a disk drive into an empty drive slot, and

assigning a reserved Device ID to that disk drive.

6. The method of Claim 1, wherein the controller
receives data from the Device Type field of the IDENTIFY

address frame.

7. The method of Claim 1, wherein the controller
receives the IDENTIFY address frame data in response to

an SMP command for phys contained in an expander

8. The method of Claim 1, wherein the SMP command

is a DISCOVER command.



