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METHOD FOR PERSISTENT MAPPING OF DISK DRIVE IDENTIFIERS
TO SERVER CONNECTION SLOTS TECHNICAL FIELD OF THE
INVENTION This invention relates to data storage systems, and more
particularly to data storage systems that use SAS expanders. 5
BACKGROUND OF THE INVENTION Maqy 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 10 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 conneckTa0a hatk dovR datrstanagexdeviee; the
backplan e only accepts a 15 fixed number of
devices. %fp))éo%u ar |nterf%?t@sé%rIP Egﬁ%égcti"ﬂ JERCEE 0 tREPEEKIaNe $3:0TS
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 20 initiator devices (such as hosts) and
target deNitesL(sechias maripherals modnynically storage devices). The
expandersr%llow for s%/%[ems in which one or more initiators may have a

connection o oné B Ttrd Wrgets-2* ke GtherroBayEsEsipherdlens, and
intertaces pthetSAS infetface i desianad RNt AHOYIRG : THIS, $ag

expanders.

BACKGROUND OF THE INVENTION

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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the ability to add and remove devices to the computer while the computer
IS running, such that the operating system 5 automatically recognizes the
change. SUMMARY OF THE INVENTION In accordance with teachings
of the present disclosure, a system and method are described for a
method for mapping disk drives of a data s%orage system to server 10
connection slots, The method may be used when one or more SAS
expangfelrég s 8§glae fo &dd 584TEN&) diSK YRVES Bhd™ MaiftamSGhe shitfe SAS
drive némbering schemerasiwouldeexistiit: theretweremnayexpanders:iihe i s

ethaod. L el TIFY address frame data of a SAS link to ,
g}ééer%ﬁ%nyeﬁgv%glh%ﬂ? %dgﬁé@e is connected tlocéegcr?ﬁhi/%%o? a Coftdigrs while
pbre, apidrwhether the davice ds aﬁle&parq@@rtorﬁérm_l device {disky diye).em
The fmethed assigns a.Dgyies IQ tpeach sk drive in the system. This
Device ID may be used for disk management™ 20 functions, such as

* heldl disk backplane. The method is

"persisigntaindhe sense thatihe (Revire DS fordherive slats are the
same regardless of whether or not the data storage subsystem of the
déRfet AAE TS eRpaHreBr #OE ABIIAgR IR Slfsasidta frethed BEthod

mappingpers of asRAScontsllerrtodisk dyves ina datasstorage systenm ey
is %rovided. The data storage system includes at least one expander for
o

REGIMGID oHeSdrimore Higk BRiTES hitPihe 30 BoMiFolieh fitlsdes potgiore
forx pwpbetefreonnectionsi (Riysadd additional disk drives, and

ala’

maintains the same drive numbering scheme as would exist if
there were no expanders. The method uses the IDENTIFY
address frame data of a SAS link to determine whether a
device is connected to each phy of a controller port, and
whether the device is an expander 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.

Accordingly, in one aspect, a method of mapping ports
of a SAS controller to disk drives in a data storage system
is provided. The data storage system includes at least one
expander for connecting to one or more disk drives, and the
controller includes ports for x number of connections (Phys
0 - x). The method includes receiving an SAS IDENTIFY

address frame on each phy of the controller. Beginning
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0 - x). The method includes receiving an SAS IDENTIFY address frame

on each phy of the controller. Beginning 3 with the port of the controller
containing Phy 0, if the IDEN'T'IFY address frame indicates that the

device associated with that port is an end device, Device ID 0 is assigned

to that device. If the IDENTIFY frame indicates that the 5 device

associated with that port is an expander, Device ID, 0 - x is assigned to

T R R Sl RaS ST 10 o EXOAAdE Mo DENTIY the
A0dNss Franael s ceceivedh rirdidating-that sotdevicers @ssegiates Witk ociated
%aéhp rs, a Device 1D is reserv%{j for Phy 0. The above steps 10 are |

repeatcéC ?gcr Oyrlg - %of fhe con réf er. ggéh%%)‘(’tlgﬁcileﬁssﬁlelﬁe\ﬂég fgied to
assigneginiorler of distbeery NG B¥sduiated diskidrive: BRIEFat the
RESCRIPIION OF THE DRAWING more. com lete understanding of

the preseﬁt 15 embodiments andlN aﬁaé;%ageslt e‘?eRoferﬁ(gya Bg{ %E(quiir%%ﬁﬁe D
Feferringitd the $4lIovWiAg Beserptibnakéen Ry 4veonjunctiontwitt: tHeas a Phy
aecampanying drawings, in which ik yeterence gumbers-indjcats like

features, and wherein: FIGURE 1 illustrates relevant portions of a server
sGstem7Fob havifg 2eSABLonfigtretrdatastsrages s andading aeslpoitth that
SASexpansier RISURE 2llustrates bowthe disk drves aremapped Wteps

drive slots in a system such as the system of FIGURE 1 but without the
g§6aﬁﬁ§§ated for Phy 1 - x 'of the controller. Each next

successive Device ID is assigned in order of discovery of
an associated disk drive.

BRIEEF 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



FIGURE 3 illustrates how the disk drives are mapped 10 to.drlve slots in

the system of FIGURE 1. FIGURE 4 illustrates relevant portllons of a

server system 400 having a SAS-configured data stora}ge, |‘nclud|ng a

12-port SAS expander. FIGURE 5 illustrates how the disk drives are

mapped 15 to drive slots in a system such as the system of FI_GURE 4

but without the expander. FIGURE 6 illustrates how the disk drives are

mapped to drive slots in the system of FIGUF_{E 4_. DETA!LED | B |
DESCRIPHON B THE NVERTON 20FIGURE 1dhastrates relevantich 1ike
portiorstefraeserven systan 100having.a SAQ-cenfigured Sq_’at% rsl'égr%%ee.rein:

For purposes of this description, system 100 may be any ' |r_1format|(_)n

handling syst%%u%\ﬁng%ﬁéiﬁrﬁ@fedf éé@vsma@@m&nﬁ)rmt@nsewer
handbgg systenyonay nchide, 25 gy ipgirmentality or a gg%%@t_ggog,
igstrumerital'ties operable to compute, cIa§S|fy, process, transmit,

receive retfieve? ofighdte Switdhs stofeadidphay, ‘manifest, detect, record,
reproduoe, hanlesonutlize, aoy foyofnfprmgtion,iveligence or data,
for 30 business, scientific, control, or other purposes. Eor 5 exXa pfe; an
informatioh handfng E5steh magirte perorial omputers ANeWosE FIGURE 1

: i . S hape,
storagerdeviea,ranythersuitable. _dewcg and may vary in size, s
performance, functionality,Ez;?r%lj price. The information handling 5 system

may includé r&dm Acédss miertsrgSRAM) tine alisk drives are mapped

10 to drive slots in the system of FIGURE 1.

FIGURE 4 illustrates relevant portions of a server
system 400 having a SAS-configured data gstorage,

including a 12-port SAS expander.

FIGURE 5 illustrates how the disk drives are mapped

15 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 PFIGURE 4.
DETAILED DESCRIPTION OF THE INVENTION
20 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

25 any instrumentality or aggregate of instrumentalities
Operable to compute, classify, process, transmit,
receive, retrieve, originate, switch, store, display,
manifest, detect, record, reproduce, handle, or utiligze
any form of information, intelligence, or data for

30 business, scientific, control, or other purposes. For



more processing resources such as a central processing unit (CPU) or
hardware or software control logic, ROM, and/or other typeg of .
nonvolatile memory. Additional components of the information handling
system may include 10 one or more disk d_rives, one or more_netwprk
ports for communicating with external d%wces as well as various input
and output (I/0O) devices, such as a keyboard, a mouse, and a video

displ information_handling system may also include one or more
buspe%)%%e th?lé t6 15 trans it Eommuiicdibhe beties s thamwaridus a personal

hard@are worponents drdtlc URfs 2agtheg dhan-tihe data ggqragggc%@te&,i table
only fhe most ba%ic elements of system 100 are exp_I|C|tIy illustrated. It

has a processing system 108" hading't20 I%B@t}?&tlvé@ﬁémbmra:e,
procéssortand albis/for interngt-and. I/Omemmupisations; &';g ageordance

gvith SASﬁ terminology, processing system 109 is referred to herein as a
initi&tor ,%fﬂdfﬁ*%%’yp%g%ﬂ@%d&aﬂaa&é@{@ea@éw. 2®mothe ef@iple ofne or

FIGURESL mystared 00diasdsn diske diyes {0 Dilves 101 are Indata,
communications with the rest of system 100 via a storage contr er )
In the'éxample df this FEsERABasS, Ontetér vos is aRAibotontalles, ROM,

hichrpefetitsdh nsFJO9 30 con:-oller 1'01,W ich
\(/jvez:lls Withﬁt]azddriﬁv&ésﬁ directly. ?J‘ésel%g%l[)(%{%%%%gaﬁr{e&?ary of In%gg]ééﬁéﬁEal

DiskSyEEREISR ST ffo SFMoid BrRkBAOrRinglia palallel Thesdisks appeanciude

10 one or more disk drives, one or more network ports for
communicating with external devices as well as various
input and output (I/0) devices, such as a keyboard, a
mouse, and a video display. The information handling
system may also include one or more buses operable to

15 transmit communications between the various hardware
components.

In FIGURE 1, other than the data storage system,
only the most basic elements of system 100 are explicitly
illustrated. It has a pProcessing system 109, having at

20 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. .

25 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. In
the example of this description, controller 105 is a RAID
controller, which permits the server 100 to see only the

30 controller 101, which deals with the drives directly. A



as one drive to the user, and offer enhanced perform_ance or security (or
both). The software to perform the RAID 5 functionality and c_ontrol the
hard disks is located on controller 105. Controller 105 contains a SAS .I/O
controller (IOC) 106, which controls input and output to and from the disk
drives in accordance with the SAS stangard. Controller 10 105
communicates with the rest of system 100 via a bus 104, for example a

| ' [ d to a backplane
PCI typebusy Eight of the ggl_gadnve? 101 are connected to p

103. Backplane 103 has an associa

ed BACKPHHE Konfomdrslogeonsists of

Systéiticl 00 alsotfasitdeastancmediaibaybackpiane. 10fnMefiapay oppex
backplang 107 is.desi r(ljecih@ permit installation of additional peripheral
t

devices. As compared to

&Intetnal‘sIGR bf baERplafB 1oBc adevivet ormance

insteflatior inimedia ay backplane 10hds fered feas 20Reing,, the RATD-
gexp%%(g'tqr ';?.ac (Jat%sible".d\ﬂedia bay backplane 107 has an associated -

controller 109a. Nt

& SXAMpPIe OF EfGURESL A& Inétia by isackptameed on

107 alsotincluties antexpander 107b. In SAS terminology,_ an "expander”
IS a device éhat royides an initiator with 25 access to additional targets
(and vice vérsa). Expandets SprovRieFiRctichafifSsifiar wothiatr pidvided 10C)

by aliub, orisivitahcbxpandess capbe conpesiadfootber expapders, |\ - .
SATA target devices, SAS target devices or SAS initiators. Expanders
coniect mitiatbrs BPJERNSE cBAsttulitg aPsS dommadard.  Controller
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105 communicates with the rest of system 100 via a bus
104, for example a PCI type bus.

Eight of the disk drives 101 are connected to a
backplane 103. Backplane 103 has an associated backplane
controller 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 devices, SAS target devices or SAS

initiators. Expanders connect initiators to targets,

constituting a SAS domain.



7 In system 100, expander 107b is used to increase the number of drives
that can be connected to controller 105. Expander 107b conforms to SAS
standard, which as discussed in the background, is an interface standard
5 which defines how expander 107b will interface with initiator and target
devices. In the example of FIGURE 1, expander 107b i; a six port (x6)
expander. It is an "edge expander." As stated above, drive controller 105
contains an_ 10 SAS controller 106, which is connected to both backplane

controller 103a 2hd mediabry ERAIEET0FA VA Siieband signalscgAgse the

controlieb5 it difiecthyeeonnested-ta Dies-bm b ophackplang 103 Yiaa,. 1qs
first %9{”- Ség, cong%) ler 15105is directléconnected to Drives 9 and 10

and to g)?pnandrer

ViZ BSeEBRd portSERpalkdercerh isthérh as

connitteditasRrves5hd hiserpfigiiation isdor dllustiation; the concepts

escri}tl)ed herein may be extended to include multiple backplanes, anoig)

%iﬁe?‘én“t%t BObRRS AMVARFERBERE. ORdFuMdtoh éhdatattorageith

conttollet 185ds-ta c@ntrglthe-status;LEDs associated with the drive slots
on backplane 103. For this Eurpose, RAID software of controller-105 uses

SES or SAFFTEBSm

IREréd- RS tHe backpade contpdlter 193a. six

Thisgeguiresc#at the, Hondreller 3@5 have some ypeapns for ra%gpipg its

. e>]g%an
ports (and the drives connected to them) to the siots of ‘bac
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plane
As stated above, drive controller 105 contains an

SAS controller 106, which is connected to both backplane
controller 103a and media bay controller 107a via
sideband signals.

SAS controller 105 is directly 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 secondAport. 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



103. In servers with hot-plug backplanes, but lacking SAS 30 expan_der
107D, hard drives complying with the parallel 8 SCSI standard are simple
to correlate to the respective drive slot in which they reside. This is
because conventional parallel SCSI backplanes are designed so that,
depending on the slot into which the drve is 5 inserted, the SCSI Targ(_et _
ID is set to the same Drive ID as the slot number of the baé:klplane. This is
ccaomplished by jumping or grounding signals on the backplane ‘
2onnssar%%o&r %F%g A% t?‘%ﬁB@F&‘E@muﬁ%t@@Wﬁé%oh@ol‘térqoarftssarecuve
10 meppesl toldsive: sloiminansysien sHeh as.systam100;hut, lacking an
expander. In FIGURE 2, each port of controller 105_ IS assomat_ed.wnh a
singfe PR SPRBAS iR EbAtrasttoIRE SySerradsertredhalowémigned so

SDOI’

eac

'wide

connection with EHAWRE 3-wheke a geptraller porkma . r?fﬁl?? ééb"p?e i

t" that uses more than one phy to establish a wide

R BRY thRfectstirettly o EagRedrivEDL Gistheetight batkptame 483D ee 1D

corrakatienbegyeen n@ﬁ@é@%thﬁé%ﬁwgﬂﬁ@@yfﬁgg%% each
drive 20 slot's status LEDs by the controller. Port O connects'to Slot 1,

etc. FRETHMrRBE dpBAtebURE SREuS bf Beodndé based gnahe assigord

DevisedBs WHeh alsg, cargspends Fgégg pgg%etr’drive slot number. Thus,
referring to both FIGUREs 1 and 2, in the
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FIGURE 2 illustrates how I/O controller ports are
mapped to drive slots in a system such as system 100 but
lacking an expander. In FIGURE 2, each port of
controller 105 is associated with a single “phy”. This
is in contrast to the system described below in
connection with FIGURE 3, where a controller port may be
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
slot’s status LEDs by the controller. Port O 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, in the
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

(phy) number.



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. 9 In the configuration of FIGURE 1, however, which does have
an expander 107b, the above-described correlation method does not

work. This is_because all _SAS devices (including expander 107b) havq an
address, in f5“te% orm Ot 2 64hit Wtidwide RARTEREVWN L wFRcHes sethich

wheritlssdévice ismankifacidked. ThissSABraddigss,is - used during
commgnica{io s with the expander and end devices. FIGURE 3 illustrates
a method for defining' RoW for 26 thé ' Syst¥rirdt FIGURE 11 stdrageuse all

contioller debdiscovers distadrivessanchassigns Pavice s, The shaded .
ortig S g FIGURE 3 represent drives connected via media bay ‘ .

Eackp%ne 707 & &p%gdgrlfo‘?‘&r'ﬁh“éﬂlaé@ic@ﬂmis &filinbevhssigned set

10 a dive 104 whishisdised Rk equuynisatng yih the drive,and or ,

correlating the drive to a server slot. The system layout is configured so

that HRSROWEEE 1A GEFERSIGCaT AT Bevitelis tbanectod ithe lomvestnd

numbeted-Rhy for that device. Device IDs are assigned in 20 the order of

discovery. The layout of Phy to slot is correct regardless of
FIGURE 3 illustrates a method for defining how, for

10 the system of FIGURE 1, storage controller 105 discovers
disk drives and assigns Device IDs. The shaded portions
of FIGURE 3 represent drives connected via media bay
backplane 107 and expander 107b. The Device ID is a
number assigned to a drive 101, which is used for

15 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

20 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.

25 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



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. 25 For discovering drives 101 controller 105
traverses its ports, beginning with the port containing Phy 0. '_I'he
discovery process traverses all devicesgn Phy 0 be_fore moving to the
next port, and so on. When a Phy is not part of a vi[nd]:a por_;i thpeoﬂort and
Phy are the same. When 10 multiple Phys are part of a wi le , ‘
dis>c/:cr)nv1§1r§ & ipee rforhed HcfodPihe Mrafity"didehyeo it thelésamplerof is
FIGURE £3;starding withdlevige I@lgfglr_lqr't sc_;@at};@{)gfqn backplane 103,
the corresponding 5 Device ID is associated with the's qt numper. When‘
a drive is nGPprelEnfF Py ©F cihE® 110 comrollénor aith Device ID

expanderyatiachesdomanservar slob,the .Deyies IR ny berég*tg@“-
hus, if nothing is attached to Phy 3, which correspon éto' '
evide B8 s ptll. TRERGH & eediceiis prédent il Slotinibwill. havgen 2

fot

e ggonding

P e e P I D 0

When an exglgander is connected to a Phy

port); ¥ohtrd

ither %%e
ys in thécase of
B diseoversRAG IS drivesinadrder (from Rt PBY ) . the

on theexpandey, andBSsIong Dsqyic%laDds in Ui‘% same, ganner, reserving

Device IDs for Phys that are connec

{6 empty Slots an8°4SEigfing s

DevitetBs et divedinat are present.dnthe sprfiglisation of FIGWRE7,c

1@ndgsshownif 5 o skipped.
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Then, if a device is present in

Slot 4, it will have Device ID 3. In this manner, drives

1 - 4 are assigned Device ID’s 0 - 3.

When an expander is connected to a Phy (or Phys in
the case of a wide port), controller 105 discovers the
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 chown in
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
corresponding Device IDs.

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

operational link exchange IDENTIFY address frames. An
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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 giver_ 25
corresponding Device IDs. The above-described methc_)d can be restated_
in SAS equivalent terms. In an SAS system, an identification sequence is

key ice-ta-device communications. During the identification .
seqt%r%:lllé?%% SVIEES Bn AP 86 oferatiBriatink ARG PDENTIRY the

addressiramesi AH’AESldl&EiNHFYs@d;d{e&%fr%g‘@éélg?%&@@ﬁg;?ﬂ91‘%1@ther it
about the connected SAS device, such as its SAS address, whether i . .
suppore’ ger%asln%%t%%% B CE PP SSSBY RyhethBr it ST targdteorher it is

initiatortanbeth, ard ihﬁ@ﬂdlf@rTfﬂeMQ,evgzﬁdTmc%ggég Type. A
5exp%nde,r or an end device type. The information in the IDENTIEY '
addrestffame 1Gs&f By P SHS ritRisrifrerrit distovers Wwhut devitese .

are Tiesaniio e SAShdamain, whebharthey arestarget or: jnitiator

Cfr d b
devices, and the protocols they support. This 10 information |§,_returnec]z|’J o Y
the A itiiort 4&hgth¥hSNMPLDISEOVER esmimza fddovingstheSAS

dBQ@M@@bﬁEﬂxﬁhmhgkbﬁywégmyﬂﬁmdéﬂ@@@§¥S§H§§“§%g)E@%é&g or
information about the expander, such as the numbe_r of “physin thé |
expafidér! e peBf tevfte coithetial 1PLB paiticutdreexpamdepphys, This

1dnfoimatiamakauithe expapder, danufactyrer lc. initiator, using the
SMP DISCOVER command following the SAS discovery
algorithm. Via SMP commands, initiators are able to find
out information about the expander, such as the number of
phys in the expander, the type of device connected to a
15  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



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 20 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 re%[%rves Device ID 0. If the ADT is
set to "end device", it assigns a Device 1D O to the drive connected toPhy
0 ZS&hi%ngorergsp% s to slot 1. If ADT is set to "edge expander device"
or "fanout expander device” ccontrolier f6 dischbber<Langanddsr 105
attachedtdthe expanderihby assigning eachiBhywith a device present to

the next De%g:ee ID.and reserving the 30 next Device ID if no drive is
present. Once all d&GE8Y T5Yort ther SHBAHHe? aré iscbvereE th®5 will have

controllepa @5 edontiieswithetis 0wahext Phypork WReN diseRYeVdSnt vo11er
controller 105 will have a sparsely populated list of Device IDs.

omplete,
%AI g (gtg)ntcr(a)lﬁlerng"idés Earr AGR USRINeSE Dé@%etl‘DsotBeGWQtetth@ stdrot
LEDsSEBKaURES 4 - 6 illustrate the same concept as described above. In

FIGURE 4,Flike s%;?stem 100, system 400 is an SAS configured storage
system. DeVicad ot (*systém Aot EE ErPedpth Rk ecdavicastina s

systersH) 1ose SEBitAr. numbgaress &lgwever, imﬁyét%éggmeégemdesrystem
407b (r)]as 12 ports. FIGURE 5 illustrates disk drive mapping in the
absehte ofih82xPARdEP™H: FISDRE §torage system. Devices of

10 system 400 that correspond to like devices in system 100
are similarly numbered. However, in system 400, expander
407b has 12 ports. FIGURE 5 illustrates disk drive
mapping in the absence of the expander. In FIGURE 6,
four controller ports are configured as a 4X wide port

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

in those slots are assigned the corresponding Device IDs

minus one.



four controller ports are configured as a 4X wide port 15 that expand to

drive slots 5 - 10, and hence the drives in those slots are assigned the
corresponding Device IDs minus one. LLOYD WISE 13 WHAT IS LLOYD WISE
CLAIMED IS: 1. A method of mapping ports of a SAS controller to disk

drives in a data storage system, the datajsforage system having at least

one expander for connecting to one 5 or more disk drives, and the

contmyerfhavm parts for x number of connections (Phys O - x) ,
compmmﬁeé@%is IDENTIFY address frame on each phy of
the controller; beginring with the neLLRfiths Gontrolier.containing égrﬁ%uer

0; if the IDENTIFY address frame indicates that the device associated
with Hrat poitisdn Rd dblicR, SRS/ DRI IDT- Rithat Hevide i thes orage

IDENTIH,:%HB-HWM@%%S tha the @%\@C%%ﬁﬁwlqggq V\é@ntp%] pott Is to one
an expander, assi nlnég Device ID 0 - x to each next Drive 1 - x t
&%ﬁ%@ i

Phy 6 RIEEX hBEDENTIEY HeRiressframblis redfmwemg ports for

indicates:thatne deviseris assegiated with.that port, res rV'n ]ﬂﬂ
Device ID for Phy 0; and repeating the above steps for P e

controller, Z8Si§rihG AR heSR SudCEEERE Y evdd 1B §rv frame on each phy

~of the controller;

beginning with the port of the controller containing
10 Phy 0;

if the IDENTIFY address frame indicates 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.



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. LLOYD WISE 14 The method of Claim

2, wherein a RAID type drive controller receives the Device IDs from ?%OYD WISE
controller and controls the status LEDs. 5.4. The method of Claim 1,

wherein the lowest numbered drive slot of any device in the system is

connected to the lowest numbered Phy for that device. 5. The method of

Claim 1, further ¢otfipRéingG°to fsertiyta disk drivetiatonam effpty driyee drive

slot, and assigaingra tesereed DevicedDitodhatlisk drive. 6, The methad .
of Claim 1, wherein the_controller receives data from the Device Type

field FFthE BENTIEY 5 adlse$rdmi@s7. The method of Claim 1,
wherein the controller receives the IDENTIFY address frame data in

esponse to an SMP command for phys contained in an expander 20 S.
he method of Cl&if TevRerkif theé- SMmcommeaherisia ISEQVERS t

commaitered drive slot of any device in the system is

connected to the lowest numbered Phy for that device.

5. The method of Claim 1, further comprising
10 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

15 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

20

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

is a DISCOVER command.



