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ATTACHED SCSI STORAGE NETWORK 5 TECHNI CAL FI ELD The present discl osure
.relates generally to the field of conputer networks, and mnmumk
particularly, to a Serial Attached SCSI storage netvvork D As
t he value and use of information continues to increase, indivistsal s and
busi nesses continually seek additional ways to process and store
information. One option available to users of informati ojmw mmummmﬂ mat i on
handl i ng system An information handling system generall

conpil es, stores, and/or conmuni cates information or data forgdysi ness,
personal, or other purposes 15 thereby allow ng users to take advantage of
the value of the information. Because tEchnol ogy and information handling
needs and requirenments vary between different users or applications,
informati on handling systens may al so vary regarding what information is
handl ed, HXSTENM AND MEBHOONFOR GRMMBICAITONSUINA ISERIA e THACHEDSCRles sed,
stored, or comuni cated, and ho | C iciently the information
may be processed, stored, or COWA&%}%W@{MH ations 20 in information
handl i ng systens allow for information handling systens to be general or
confisgured for a specific user or specific use such as financial
transactfmf@gfgﬁmg airline reservations, enterprise data storage, or
gl obal conmunrcarions. |In addition, |nforrrat|on handl i ng systens may
include a variety Tmbptmcrd\dacbsmnnblaesfgemalw mmhmfﬂni@nf nipugdr natsworkseand, more

configured,t C or.e, connunlc e information and may i ncl ude
one or nFEEY %6’3’1) ae?”ﬂ/éft dsg%?gogaggpggg ystems, and 25 networ ki ng
systens. Information handling systens may be included as el enents of a

storage network. A storage network can be considered as a specialized
net wér k BACKGRQIgNDdevi ces coupl ed to one or nore data servers. Seri al

Attached SCSCl (S r k |nterface an i cations

protocol for stor Q‘écé)eth‘% Y%ﬁ%%gﬁll oﬁfgm%g FIORICONHUE: ﬁ?élécr?églmcf?w ?Eﬂiué?l FY&d by

storage doatimillysedkaditignal veags todroceROandlstdro methiatiodr Ohé bRibhWk Silablcto usgs ey ed
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coupled a storag%wﬁndpm ts |n a . Serial Attached st or age netvvork SAS
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protocols in the storage network because of the ability to connect the SAS
drive t oinfarmeation & l@ngled,ebsp'ameh infpmation iSprocessedpstorash et c@@BMnigatedoaid. how
Despite havi ort Serla ATA.drives are tine
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comuni cation wiith Serial ATA drives through the Serial ATA Tunneling
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single Seri al ATAgrlve Des |tet esu ort for Serial ATA drives in
Serial AFQTAEAECA mﬁ%‘t‘b\%‘fi efOBﬁe BWéEP‘FlPVeTo*fYStSmS fasforages iRt Ak
storg?e REWORGKS Whfelhsone or m)re Serl al ATA drives is dimnished by the

inability of the"Serial ATA drive to support dual port communications.
Information handling systems may be included as elements of a storage network. A

-

storage network can be considered as a specialized network of storage devices coupled to one or

more data servers. Serial Attached SCSCI (SAS) is a storage network interface and communications



" 20 SUMMARY | n accordance with the present disclosure, a network topol ogy
and bridge device is disclosed for a Serial Attached SCSI storage network.
The bridge device includes at |east two input ports and an output port. The
i nput ports of the bridge device are coupled to expander devices of the 25
storage network, and the output port is coupled to a Serial ATA drive. The
bri dge device translates comuni cations fromthe Serial Attached SCSI
protocol to the Serial ATA protocol, and fromthe Serial ATA protocol to
the Serial Attached SCSI protocol. The bridge device includes an arbiter

t hat 3 manages the flow of serial data fromthe input ports to the
transl ati on node and fromthe translation node to the input ports. A

t echni cal advantage of the present discfosure is a Serial Attached SCS
storageﬂgggﬁﬁrk i n which dual conmunication paths are provided to each
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ATA drives in Serial Attached SCSI networks, the functionality of a Serial Attached SCSI storage
network with one or more Serial ATA drives is diminished by the inability of the Serial ATA drive
to support dual port communications. '
20
SUMMARY
In accordance with the present disclosure, a network topology and bridge device is
disclosed for a Serial Attached SCSI storage network. The bridge device includes at least two input
ports and an output port. The input ports of the bridge device are coupled to expander devices of the
25  storage network, and the output port is coupled to a Serial ATA drive. The bridge device translates
communications from the Serial Attached SCSI protocol to the Serial ATA protocol, and from the

Serial ATA protocol to the Serial Attached SCSI protocol. The bridge device includes an arbiter that



" 4 DETAI LED DESCRI PTI ON For purposes of this disclosure, an information
handl i ng system may i nclude any instrunentality or aggregate of
instrunmentalities operable to conpute, classify, process, transmt,
receive, retrieve, originate, switch, store, display, manifest, detect,
record, reproduce, handle, or 5 utilize any formof information,
intelligence, or data for business, scientific, control, or other purposes.
For exanple, an information handling system nay be a person conputer, a
networ k storage device, or any other suitable device and may vary in size,
shape, performance, functionality, and price. The information handling
system may i ncl ude random access nenory, (RAM, one or nore processing
resources such as a central processing ini t (CPU) or hardware or software
control 10 logic, ROM .and/or other types of nonvolatile nenory. Additional
conponeRt&2gss %@rﬂﬂ o S Rledata0io R APy ¢ oy ot theriransiatipm npdechad dreen e translasiodi sk
drives, - twork ports for comrunication with external devices
as mellng@§$g§?§@gﬁrﬂ§Ut and output (1/0 devices, such as a keyboard, a
mouse, and a vi ded tdétmidahydvafituge iofitherpredehtodisdiesnel s A0S B NGBRHER S OB $@rage

i ncl ude one .or re bgses operable to transmt conmunicati ons between the
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coupl ed t .Serjal ATA drive. In the exanple of Figure 1, SAS/ SATA
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expandespabéfidatien, ctuiths] aall deaviiggscoupl ed to one or nore SAS drives. A diagram
of Sch SAS/ SATA bridge 20 and Serial ATA drive 24 of Figure 1 is 10 shown
in gure 2. The di agram of SAS/ SATA bridge 20 of Figure 2 is

r epr ese@kl PERIRIPIOOETHR McRri dge of Figure 1. SAS/ SATA bridge 20
i ncl udes dual ports, ich are 1dentitied as SAS target port 30 and SAS
target port 32. EaAchomperinplets wdeytarding of the piengnt emBABments andlatvanteyds Citereods
shown in thE hetmorkbdiqgran1 f Figﬁ&f.l. ach target port of the SAS/ SATA
bri dge 3% 8¢ ESUPBTaPY JORFIEAE it dollaWing «fescatptign falecas)mns comiupetions itk A
node 36-acd?fﬁ[ﬁanﬂﬁ$dia&ﬁng%§in9ﬂ’ﬁ@ﬁ [Re feh@ente nGABEN M Ald PRStehthftl Sapd SRR 40

bet ween each of the target ports and SAS/ SATA translation node 36. Port
arbifer 34 arbi tr Higete bsanstrorkidéiagrm of a Beried Aittached SEISI sompametvatk;and | i nk
38 arid the data he n transmitte n _co nj i l.ink 40 for .access
to SAS/ SATA transF1 ?eﬁf;]lsr?o %cq’(%l?l ]%%ﬁ(}t(ﬂ%ﬁrffpt%g?n %%g}rséﬁggggdg%e fl ow of serial
data into the SAS/ SATA transl ati on node 36 such that only a single stream
of data is being translated at the SAS/ SATA transl ation node. A 20 buffer
may be enpl oyed to store data associated with the SAS target port that is
tenporarily prevented from conmunicating with the SAS/ SATA transl ation
node. Follow ng the Serial ATA Tunneling Protocol, the SAS/ SATA transl ation
node 36



" translates serial data received at node 36 fromthe Serial Attached SCS
communi cations protocol into the Serial ATA conmunications protocol. The
result. of this translation is provided to Serial 25 ATA target port 42,
whi ch serves as a single output port that couples SAS/ SATA bridge 20 to the
associ ated Serial ATA drive 44. Fromthe perspective of the attached Seri al
ATA drive, the attached Serial ATA drive 44 is coupled to the network
through a single port. Fromthe perspective of the 6 remai nder of the
network, access to the Serial ATA drive 44 can be acconplished through one
of two input ports to bridge 20. Because the Serial ATA drive 44 of Figure
2 can be accessed through one of two input ports to bridge 20, the Seri al
ATA drive 44 can still be accessed even™if one of the paths to an input

port of BH gﬁg 2§ hgs failed. As such, the Serial ATA. drive 44 in Figure 2
IS not E | e path and thereby susceptible to any
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Attached SCSI storage network. Fromthe perspective of the Seria ttached
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conprising: multiple SCSI controllers;
: SAS expander devices 16 and 18 is coupled to SAS/SATA bridge 20, SAS/SATA bridge 21, and

SAS/SATA bridge 22. As shown in Figure 1, each SAS/SATA bridge includes dual input ports and
a single output port that is coupled to a Serial ATA drive. In the example of Figure 1, SAS/SATA

25  bridge 20 is coupled to Serial ATA Drive 24; SAS/SATA bridge 21 is coupled to Serial ATA
drive 25; and SAS/SATA bridge 22 is coupled to Serial ATA Drive 26. '




5 an expander device coupled to each controller; at |east one bridge

devi ce, wherein each bridge device is coupled to a plurality of expander
devices; and at |east one Serial ATA drive, wherein each Serial ATA drive
is coupled to an output port of the bridge device. 10 2. The storage
network of claiml, wherein the bridge device is operable to translate
serial data communications fromthe Serial Attached SCSI protocol to the
Serial ATA protocol. 3. The storage network of claim2, wherein the serial
data communi cations in the Serial 15 Attached SCSI protocol include serial
data formatted according to the Serial ATA Tunneling protocol. 4. The
storage network of claim2, wherein each bridge device is operable to
arbitrate between data streans such that the Serial ATA drive coupled to
the bridge drive receives, at any one 20 time, only one data stream 5. The
storage networ k of\sés epnpnon ingheerial Attached SEST thpelogi\aacle SAS iniietontsiceupled toout e

conmuni ' rd I an_ expander devi hat i.s
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claim 2’is coupled to a single SCSI controller and to several SAS/SATA bridges. Each expander device
could also be coupled to one or more SAS drives.

A diagram of each SAS/SATA bridge 20 and Serial ATA drive 24 of Figure 1 is

10  shown in Figure 2. The diagram of SAS/SATA bridge 20 of Figure 2 is representative of the other
SAS/SATA bridge of Figure 1. SAS/SATA bridgé 20 includes dual ports, which are identified as
SAS target port 30 and SAS target port 32. Each port is coupled to a single SAS expander device,
as shown in the network diagram of Figure 1. Each target port of the SAS/SATA bridge 20 is
coupled to an SAS port arbiter 34 and SAS/SATA translation node 36. Port arbiter 34 governs the

15  communications links 38 and 40 between each of the target ports and SAS/SATA translation
node 36. Port arbiter 34 arbitrates between the data transmitted on communications link 38 and the
data between transmitted on communications link 40 for access to SAS/SATA translation
node 36. Port arbiter 34 manages the flow of serial data into the SAS/SATA translation node 36
such that only a single stream of data is being translated at the SAS/SATA translation node. A

20  buffer may be employed to store data associated with the SAS target port that is temporarily
prevented from communicating with the SAS/SATA translation node.

Following the Serial ATA Tunneling Protocol, the SAS/SATA translation node 36
translates serial data received at node 36 from the Serial Attached SCSI communications protocol
into the Serial ATA communications protocol. The result.of this translation is provided to Serial

25  ATA target port 42, which serves as a single output port that couples SAS/SATA bridge 20 to the
associated Serial ATA drive 44. From the perspective of the attached Serial ATA drive, the aftached

Serial ATA drive 44 is coupled to the network through a single port. From the perspective of the



" wherein the serial data comunications in the Serial Attached SCSI protocol
I ncl ude serial data formatted according to the Serial ATA Tunneling
protocol; 10 wherein each bridge device is operable to arbitrate between
data streans such that the Serial ATA drive coupled to the bridge drive
receives, at any one tine, only one data stream wherein each bridge device
Is operable to arbitrate between data streans such that the Serial ATA
drive coupled to the bridge drive receives, at any one tinme, only one data,
stream and wherein each bridge device is operable to route conmunications
fromthe Serial ATA 15 drive to an expander device that is associated with
the SCSI controller to whomthe conmmunication fromthe Serial ATA drive is
directed. 8. The storage network of clarm 1, wherein each bridge device is
associated wiith a single Serial ATA drive. 20 9. A nmethod for translating
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Attached SCSI communications protocol. Port arbiter 34 directs the translated serial data to
communications link 38 for communication to SAS target port 30 or to communications link 40 for

10 communication to SAS target port 32. Port arbiter 34 directs upstream communications from Serial
ATA drive 44 to SAS target port 30 or SAS target port 32 according to the Serial Attached SCSI
controller that is addressed to receive the serial data from the Serial ATA drive. Port arbiter 34 thus
directs the serial data communication to an SAS target port that is coupled to an SAS expander
device that can direct the communication to the targeted Serial Attached SCSI controller.

15 The communications network and method disclosed herein provides a Serial Attached
SCSI storage network that is able to support the cost-effective use of Serial ATA drives in a manner
that is error tolerant. Through the use of an SAS/SATA bridge, access to Serial ATA drives of the
storage network can be accomplished on dual-port basis. The SAS/SATA bridge disclosed herein
has dual input port, each of which is coupled to an SAS expander device. Because the each Serial

20  ATA drive can be accessed through one of two expander devices, the access to the Serial ATA drives
of the storage network is more fault tolerant, as the failure of a single SAS expander device in the
communications path of the Serial ATA _devicé will not (iiéable access to the Serial ATA
device. The network topology and method disclosed herein is transparent to the operation of a Serial
Attached SCSI storage network. From the perspective of the Serial Attached SCSI controller and

25  the expander device, the storage network includes two paths or ports to the Serial ATA drive. From
the perspective of the Serial ATA drive, the serial ATA drive has only a single port. Although the

present disclosure has been described in detail, it should be understood that various changes,



11. The method for translating data directed to a Serial ATA drive in a
Serial Attached 10 SCSI network of claim9, wherein the bridge device is
coupl ed between nultiple expander devices and a Serial ATA drive such that
each input port is coupled to an expander device. 12. The nethod for
translating data directed to a Serial ATA drive in a Serial Attached SCS
network of claim1l; wherein the provided bridge devices further conprises
a arbiter node 15 operable to manage the flow of data in the Seri al
Attached SCSI protocol to the translation node. 13. The nethod for
translating data directed to a Serial ATA drive in a Serial Attached SCS
network of claim 11, wherein the arbiter node is operable to route

cormmuni cations fromthe Serial ATA drivé coupl ed to the output node of the

bridge device to an expander device associated 20 with to SCSI controller
t o whomsebstitutionsrand eltaratioms ican bri mads kgeto wathowt dspartine frdenthe epificanddbrgsbopaef

el ement eq]_cnve%tig‘ﬁ% ﬁéfu@‘ﬁtbg/(%ﬁee%ps%d cl?gitﬁlg\pr k to a Serial ATA drive, .
conprising: mMiltipré inpat ports, each operable to receive comuni cations
routed t hrough 25 separate expander devices; an output port coupled to a
Serial ATA drive; and 11 and a translation node operable to translate
serial data in the Serial Attached SCSI protocol to serial data in the
Serial ATA protocol. 15. The bridge device of claim 14, wherein the bridge
device is associated with a single Serial ATA drive. 16. The bridge device
of claim 15, wherein the bridge device is coupled to at |east two expander
devi ces; and wherein each expander device is associated with a single SCS
controller. 10 17. The bridge device of claim 16, further conprising an
arbiter for managing flow of data from each of the input ports such that
only a single streamof serial data is being translated at



any one tinme at the translation node. 15 18. The bridge device of claim 16,
further conprising an arbiter for managing the flow of serial data fromthe
Serial ATA drive such that data is directed fromthe translation node to an
i nput port associated wth an expander device that is operable to route the
serial data to the SCSI controller to whomthe serial data is directed. 20
19. The bridge device of claim 16, further conprising an arbiter operable
to, manage the flow of data fromeach of the input ports such that only a
single streamof serial data is being translated at any one tine at the
transl ati on node; and manage the flow of serial data fromthe Serial ATA
drive such that data is directed fromthe translation node to an input port
associated with an expander device that®is operable to route 25 the serial
data to the SCSI controller to whomthe serial data is directed. 12 20.
The bri JJEATRIAMERISI m 14, wherein the translation node is operable to
translate data in the Serial ATA Tunneling Protocol. .An2 .A .A.A .A

.An L AR2. A

1. A storage network, comprising;
multiple SCSI controllers;
5 an expander device coupled to each controller;
at least one bridge device, wherein each bridge device is coupled to a plurality of
expander devices; and
at least one Serial ATA drive, wheréin each S.e'rial ATA drive is coupled to an output
port of the bridge device.
10
2. The storage network of claim 1, wherein the bridge device is operable to translate

serial data communications from the Serial Attached SCSI protocol to the Serial ATA protocol.

3. The storage network of claim 2, wherein the serial data communications in the Serial
15  Attached SCSI protocol include serial data formatted according to the Serial ATA Tunneling

" protocol.

4, The storage network of claim 2, wherein each bridge device is operable to arbitrate
between data streams such that the Serial ATA drive coupled to the bridge drive receives, at any one

20  time, only one data stream.

5. The storage network of claim 2, wherein each bridge device is operable to route
communications from the Serial ATA drive to an expander device that is associated with the SCSI
controller to whom the communication from the Serial ATA drive is directed.

25
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7. The storage network of claim 2,
wherein the serial data communications in the Serial Attached SCSI protocol include
serial data formatted according to the Serial ATA Tunneling protoco]'
10 wherein each bridge device is operable to arbitrate between data streams such that the
Serial ATA drive coupled to the bridge drive receives, at any one time, only one data stream;
wherein each bridge device is operable to arbitrate between data streams such that the
Serial ATA drive coupled to the bridge drive receives, at any one time, only one data stream; and
wherein each bridge device is operable to route communications from the Serial ATA
15  drive to an expander device that is associated with the SCSI controller to whom the communication

from the Serial ATA drive is directed.

8. The storage network of claim 1, wherein each bridge device is associated with a
single Serial ATA drive.
20
9. A method for translating data directed data to a Serial ATA drive in a Serial Attached
SCSI storage network, comprising the steps of:
providing a bridge device interposed at the input port of the serial ATA drive, the
bridge device comprising:
25 a plurality of input ports coupled to other elements of the storage network and |

operable to receive data in Serial Attached SCSI protocol;
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5 10.  The method for translating data directed to a Serial ATA drive in a Serial Attached
SCSI network of claim 9, wherein the data in the Serial Attached SCSI protocol is transmitted in the
Serial ATA Tunneling Protocol.

11.  The method for translating data directed to a Serial ATA drive in a Serial Attached
10  SCSInetwork of claim 9, wherein the bridge device is coupled between multiple expander devices

and a Serial ATA drive such that each input port is coupled to an expander device.

12.  The method for translating data directed to a Serial ATA drive in a Serial Attached
SCSI network of claim 11, wherein the provided bridge devices further comprises a arbiter node

15  operable to manage the flow of data in the Serial Attached SCSI protocol to the translation node.

13.  The method for translating data directed to a Serial ATA drive in a Serial Attached
SCSI network of claim 11, wherein the arbiter node is operable to route communications from the
Serial ATA drive coupled to the output node of the bridge device to an expander device associated

20  with to SCSI controller to whom the communication is directed.

14. A bridge device for coupling elements of a Serial Attached SCSI network to a Serial
ATA dﬁve, comprising: . |
multiple input ports, each operable to receive communications routed through
25  separate expander devices;

an output port coupled to a Serial ATA drive; and
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5 Serial ATA drive.

16.  The bridge device of claim 15,
wherein the bridge device is coupled to at least two expander devices; and
wherein each expander device is associated with a sin.gle SCSI controller.
17.  The bridge device of claim 16, further comprising an arbiter for managing flow of
data from each of the iﬁput ports such that only a single stream of serial data is being translated at

any one time at the translation node.

15 18.  The bridge device of claim 16, further comprising an arbiter for managing the flow
of serial data from the Serial ATA drive such that data is directed from the translation node to an
input port associated with an expander device that is operable to route the serial data to the SCSI

controller to whom the serial data is directed.

20 19. The bridge device of claim 16, further comprising an arbiter operable to,
manage the flow of data from each of the input ports such that only a single stream
of serial data is being translated at any one time at the translation node; and
manage the flow of serial data from the Serial ATA drive such that data is directed
from the translation node to an input port associated with an expander device that is operable to route

25  the serial data to the SCSI controller to whom the serial data is directed.
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