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EXPANDER TRANSMISSION DATA RATE DETERMINATION
BACKGROUND
[0001] Serial attached SCSE (TAS) is generally 3 point-io-point architecture that

transfers data to and from small computer system interface (SCSI) storage devices by
using serial communication. In a SAS storage environment, there arg typically three
types of SAS devices: initialor devices, targels, and expanders. The initiator is generally
a device that originates processing requests for & target and receives responsss from
the fargel. The iniliator may be, for example, a host bus adapter (HBA), SAS controller,
or other dala storage controlier. The target is generally a device that receives
processing requests from initiators and sends responsas 10 the respective initiators. The
target may be, for example, an end device such as a SAS hard disk drive, serial ATA
{SATA) hard disk drive, solid state disk (S5D), just a bunch of disks (IBOD), and/or SAS
tape drive. The expander is generally an intermediate device that forms part of a service
delivery subsysiem and facilitates communication bstween initlators, targsts, andfor

other expanders, among other functions.

BRIEF DESCRIPTION OF THE DRAWINGS

{00021 Examples are described in the following detailed description and in refersnce o

the drawings, in which:

{0003} Fig. 1 depicts an example system comprising an expander in accordance with an
example of the techniques of the present application.

[0004] Fig. 2 depicts an example flow chart of a process conductad by an expander in
accordance with an example of the {echnigues of the present application.

{0005} Fig. 3 depicts an example block diagram showing a non-fransitory, computer-
readable medium that stores instructions for operaling an expander in accordance with

an example of the technigues of the present application.

DETAILED DESCRIPTION

{0808] The SAS technology is generally a point-to-point architecture that transfers dala

to and from SCSI storage devices by using serial communication. In a SAS storage
environment, there are typically three iypes of SAS devices: initiators, targets, and
expanders. The initiator Is generally a device thatl originales processing requests for a
target and receives responses from the target. The initiator may be, for example, a HBA,
SAS controller, or other data storage controllers. The target is generally a device that

recelves processing requests from initiators and sends responses o the respeciive
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initigtors. The target may be, for example, an end device such as a SAS hard disk drive,
SATA hard disk drive, 88D, JBQOD, and/or SAS tape drive. The expander is generally an
intermediate device that foms part of the service dslivery subsystem and facllitates
communication between inilistors, targets, and/or other expanders, among other
funclions. Stated differently, the expander is a device that functions as a swiich and
scaies the number of targsts attached to an inilialor, thereby generating a larger SAS
domain or fabric. A SAL domain or fabric refers to a data or storage network for
interconnecting SAS devices such as largets, expanders and initiators in accordance
with SAS prolocol or specification.

{00077 As mentioned in the foregoing, an expander is generally an intermediate device
that forms part of the service delivery subsystem and facilitates communication between
initiators, targets, and/or other expanders. More specifically, the expander may establish
connections between initiators, targets, and/or other expanders by recelving commands
and routing these commands and/or data associated therewith based on the BSAS
address of the target.

{0008} The expanders may include buffers {o provide buffering for commands and data
received from other devices such as initiators, other expanders and targets. These
buffering technigues may help manage or optimize bandwidth usage between initiators
with high fransmission data rates and targeis with low transmission data rales.
Transmission data rales may refer o the transmission speed of data fransmitied
between two end device points such as between expanders and targets. This buffering
technigus is sometimes referred 1o as edge buffering technigues in accordance with SAS
protocol or specification. For edge buffering techniques 10 be employed in a SAS fabric,
an end expander may be configured or required to support higher speed processing
compared to the targel thatl is connected to the expander. However, some expanders
may be embedded or integrated in an end storage product and hence the targe! and
expander may all be configured to transmit or run atf the same transmission data rate or
speed. For example, a JBOD may include a pluralily of expanders which may support
disk drives configured to operate with a bandwidth up 10 a certain maximum transmission
data rate or speed. However, new gensration high speed initiators may be connecled {0
old or legacy low speed JBODS which may cause a reduction in the transmission data
rate of the high spesad initiators. In this case, edge buffering lechnigues may not be
applicable because the fransmission data rate of the expander in the JBOD may not

support the fransmission data rate of the initiator side fabric speeds.
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{0009 For example, a SAS fabric may include a high transmission dala rate {(high
spead) expander, such as 12 Gigabit per second {Gbhps) speed which is in tum
conngcled o a low transmission data rate expander (low speed) such as 6 Gbps spesd.
Furthermore, the high speed expander may be connecled to a high transmission dala
rate initiator (high speed) such as 12 Gbps speed. in this case, if the high speed initiator
attempts 1o establish a connection with a low transmission data rale target, such as 6
Gbps, the overall connection speed or transmission data rate may be reduced resulting
in overall spesd of 6 Gbps. In other words, transactions and transmission of data over
the fabric may occur at this lower transmission data rate or speed. The edge buffering
techniques may improve the iransmission dafa rale because the 6§ Gbps ifargst is
attached o the 6 Gbps expander and the speed difference sxists between the expanders
on the “intermediate” path and not at the “edge”.

[000140] In some examples of the present application, technigues are disclosed o
aliow connection of higher speed SAS fabric or devices {0 a lower speed SAS fabric or
devices by providing intermediate buffering at the speed boundary. In some examplss,
technigues are disclosed that allow connection of relatively low speed devices {o higher
speed devices in a SAS fabric while reducing the need for higher speed devices and
expanders 1o iransmil at lower speeds thereby improving bandwidth usage. In other
examples, these techniques may allow legacy devices such as JBODs with low
transmission daia rates, which may operate or transmit at slower speeds, o be
connected and operate with newer generation higher transmission dala rate devices
{such as expander, switches and controllers) to improve overall bandwidth usage or
performance.

000113 In one example of the techniques the present application, disclosed is an
expander with a buffer fo store data. The expander includes a management module
configurad o respond 1o receipt of a DISCOVER command from an initiator for discovery
cause the expander to determine devices connected 10 the expander. | ths
management module of the expander delermines that transmission data rale indicaled
by an iniliator is higher than transmission data rate indicaled by a target, then it sends a
rgsponse to the initiator indicating that the targst operates al a higher transmission data
rate than the transmission data rale indicaled by the targel. Ctherwise, the management
module is configured to send a message to the iniliator indicating thal the target operates
at the transmission dala rate indicated by the target. The management module is
configurad 1o respond 1o receipt of an OPEN command from the initiator to open a

communication connection with the target. If the management module of the expander
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determines that transmission data rate indicated by the initiator is higher than
transmission data rate indicated by the target, then it stores in the buffer data received
from the initiator that is intended for the target and that is received from the initiator at a
higher fransmission dala rate than the fransmission data rate indicaled by the targel.
The management module is configured to transmit the data siored in the buffer (o the
target at a transmission data rate indicated by the fargel. The management module of
the expander is o communicate with the target through ancther expander wherein the
fransmission data rate of the expander is higher than transmission data of the cther
expander.

[000612] in this manner, the present application provides fechniques fo aliow
conngction of relatively iow speed devices o higher speed devices in a SAS fabric while
helping to reduce the need 1o have higher speed devices and expanders transmit at
lower speeds theraby help improve overall bandwidth usage or performance.

fO0013) Fig. 1 depicts an example system 100 comprising an expander in
accordance with an exampie of the technigues of the present application. The system
100 comprises an initiator 104 coupied to a targst 110 through a first expander 108 and
a second expander 108. The system 100 comprises a SAS fabric or nefwork of SAS
devices including initiator 104, first expander 108, second expander 108, and target 110
all interconngcied o communicate using SAS based protocols. it should be undsrstood
that system 100 is a generalized illustration and that other elemenis may be added or
existing slements may be removed, modified, or rearranged without departing from the
scope of the present application.  For example, while system 100 depicted in Fig. 1
includes first expander 1086 connected to second expander 108, it should be undersiood
that the system may comprise more or less expanders or other components.  Similarly,
while system 100 depicted in Fig. 1 includes initiator 104 coupled fo target 110, it should
be undersiood that the sysiem may comprise more or less such componenis,

[00014] The initiator 104 may be or include, for example, HBAs, SAS controllers,
or other types of dala storage controllers. The iniliator 104 may have multiple ports for
connection to internal and/or external targeis. Each initiaior port may have a single
physical link {e.g., a narrow port) or two, four, or eight physical links (e.g., a wide port).
in @ SAS domain, initiator 104 may include Serial SCSI Protocol (B5F), Serial ATA
Tunneling Protocol (STP), and/or Serial Management Prolocol (SMP) initiator ports. The
initigtor 104 may generally function o originate processing requesis for target 110 and/or
to receive responses from the targets. In one example, initiator 104 may originate

device-sarvice and task-management requests for processing by target 110, and receive
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initiator 104 may be connected directly o target 110 or indirectly via first expander 108
and second expander 108. Such connection may be made or established via, e.qg.,
physical links consisting of two wire pairs connecting the transmitler of a PHY in one
device {e.g., the initiator 104) o the receiver of a PHY of other devices {e.g., first
expander 106, sgcond expander 108). The initiator 104 may beg configured as a SAS
initiator that operates in accordance with SAS protocot or specification.

fO0015] The target 110 may be or include, for exampie, end devices such as
storage drives such as SAS hard disk drives, SATA hard disk drives, 55D, JBODs, or
SAS tape drives. The farget 110 may include logical uniis and targst ports that receive
device service and fask management requasts for processing and send responses for
the same {o initiator 104. As mentioned above, depending on the implementation, target
110 may be connected directly 1o initiator 104 or indirectly via expanders 106, 108, The
target 110 may be configured as a SAS target that operates in accordance with SAS
protocol or specification.

fO0018] The first expander 106 {as well as second expander 108) may be, for
example, a SAS expander thal operales in accordance with SAS protocol or
specification. The first expander 106 may form part of the service delivery subsystem
and facilitate communication between iniliator 104, target 110, and/or expander 108.
More particularly, first expander 106 may establish conneclions between initiator 104,
target 110, and/or second expander 108 by receiving commands and data in one port
and routing them to another port based on the address {e.g., SAS address) of target 110.
fO0017] The first expander 106 (as well as second expander 108) may use direci,
fable, and/or sublraclive routing processes. The direct routing may be used to forward
commands and/or data to targets directly attached to first expander 106. The iable
routing may be used o forward commands and/or data {0 another expander such as
second sxpander 108. The sublractive routing may be used io forward commands
and/or data which the expander does not recognize {o another such as sescond expander
108 which does recognize the information.

{00018] The first expander 106 (as well as second expander 108) may include a
buffer 114 to store data and a management module 112 1o management operation of the
first expander. Depending on the implementation, management module 112 may be
implemented in hardware, sofiwars, or a combination of both. For example,
management module 112 may comprise instructions executable by a processing devics

{e.g., a SEP) fo cause first expander 106 to perform functionality discussed hersgin.
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Alternatively or in addition, management module 112 may comprise a hardware
equivalent such as an application specific integrated circuit (ASIC), a logic device (e.q.,
PLD, CFRLD, FPGA. PLA. PAL, GAL, sic.), or combination thereof. The management
moduie 112 may include functionality to control the operation of first expander 106 and {o
communicate over a SAS fabric with other devices such as initiator 104 and target 110
For gxample, management module 112 may be implemented in software and may
comprise instructions executable by a processing device 10 cause first expander 106 fo
perform functionality discussed herein.

{00019 In some examples of the present application, first expander 106 may be
configured to include a managemeni module 112 along with a buffer 114 to sliow
conngclion of relatively low spesd devices o high speed devices in a SAS fabric while
reducing the need 1o cause high speed devices and expanders 1o transmit at low speeds
thereby improving bandwidth usage. In other examples, these techniques may aliow
legacy JBODs with low transmission data rates, which may operate or transmit at slow
speads, to operate with newer gengration higher transmission daia rate devices (such as
expander, switches and conirollers), which may operate al high speeds, 1o improve
overall bandwidth usage. The buffer 114 may include any means for storage and
refrieval of data. For example, buffer 114 may include non-volatile memory, volatile
memory or a combination thereof.

{06020] The management module 112 may include functionality configured o
manage operation of first expander 106 including communication with initiator 104 and
second expander 108 and cother devices over a SAS fabric. In one examplg,
management module 112 may respond o receipt of a DISCOVER command from an
initiator for discovery. In one example, the DISCOVER command is a2 SAS command in
accordance with SAS protocol to cause expander 106 to determine devices connecied to
the expander and the other expander 108. If expandsr 106 determines thal transmission
data rate indicated by initiator 104 is higher than transmission data raie indicated by
target 110, then it sends a response to the initiator indicating that the target operales at a
higher fransmission data rate than the transmission data rate indicaled by the target.
Otherwise, management module 112 sends a message o initiator 104 indicating that
target 110 operates at the transmission dala rate indicated by the targst.

{00021} The management module 112 may include funclionality configured to
receive and respond to an OPEN command from initiator 104 1o open a communication
connection with farget 110, If management module 112 delermings that transmission

data rate indicated by initiator 104 is higher than transmission data raie indicated by
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target 110, then it stores in buffer 114 data received from the iniliator that is intended for
the target and that is received from the initiator at a higher transmission data rate than
the transmission data rale indicated by the target. The management module 112 is
configured o fransmit the data stored in buffer 114 {o target 110 at a transmission data
rate indicated by the target. In ong example, management module 112 of first expander
106 is to communicate with target 110 through another expander, such as second
expander 108 wherein the transmission data rate of first expander 106 is higher than
fransmission data of the other second sxpander 108. In one exampls, first expander 106
is configured to communicate with target 110 and initiator 104 over a SAS fabric in
accordance with SAS protocol. In one example, the OPEN command is a SAS command
in accordance with SAS protocol 1o cause first expander 106 to communicate with target
110 through the other second expander 108. The term communication or
communication connection may include the exchange of commands and dala between
devices such initiator 104 and first expander 106.

{00022] In this manner, the present application provides lechnigues to aliow
connaction of relatively low speed devices 1o high speed devices in a SAS fabric while
reducing the need to have high speed devices and expanders fransmit at low speeds
thereby help improve overall bandwidth usage.

f00023] The system 100 of Fig. 1 shows an example SAS fabric and it should be
understood thatl other configurations may be employed 1o practice the techniques of the
present application. For example, system 100 may be configured to include a swiich-
expander device (which itself may include expanders) coupled bebween initialors and
other expanders which in lum are coupled o targeis. In another example, the
components of system 100 may be inlegrated in one enclosure or a plurality of
enclosures located in one location or distributed over remole locations.

[00024] Fig. 2 depicts an example flow chart 200 of a process conducted by an
expander in accordance with an example of the technigues of the present application. In
some implementations, such process 200 is conducied by management module 112. It
should be understood that the process depicted in Fig. 2 represenis generalized
flusirations, and that other processes may be added or exisling processes may be
removed, modified, or rearranged without departing from the scope and spirit of the
techniques of the present application. In addition, it should be understood that the
processes may represent instructions stored on a processor-readable storage medium
that, whan executed, may cause a processor {0 respond, to perform actions, 1o change

states, and/or {0 make decisions. Alternatively, the processes may represent functions
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and/or actions performed by functionally equivalent circuils like analog circuits, digital
signal processing circuits, application specific integrated circuils (ASICs), or other
hardware componenis associated with an expandsr. Furthermore, the flow charls are
not intended {o limit the implementation of the present application, but rather the flow
charts illustrate functional information that one skilled in the arl could use to
design/fabricate circuits, generate sofiware, or use a combination of hardware and
software 1o perform the Hustrated processss.

fO0025] To iHustrate operation, in one example, it may be assumed that process
200 of Fig. 1 is implemented with system 100 of Fig. 1. . may be further assumed that
initiator 104 is configured o communicate with a transmission data rate or speed of 12
Gbps {high speed), first expander 108 is configured 1o operate or communicale at a
transmission or transfer dala rale or speed of 12 Gbps (high speed}, second expander
108 is configured to operate or communicate at a transmission data rale or speed of 6
Gbps {low speed), and targst 110 is configured o operate or communicate at a
fransmission data rate or speed of 6 Gbps (low speed). it may be further assumed that
first expander 108 is designated as a high speed intermediate expander at a speed
boundary and includes buffer 114 configured for bandwidth matching with other devices
over the fabric. it may be further assumed that second expander 108 is designated as a
low speed intermediate expander at the speed boundary and is configured with regular
buffers associated with PHYs of the expander.

[00028] In one exampile, Tirst expander 106 includes N number of PHYs and each
PHY has by bytes of buffer space, which provides fotal buffer space of N limes b
Furthermore, if there are N number of PHYs used 1o link first expandsr 106 1o sscond
expander 108 over the fabric, then the size of the dedicated buffer required at sach of
the N PHY's for the high speed intermediate expander 106 is: (NL"bL YN, For example, to
Hustrate, if there are 10 PHY's associates or included with low speed second expander
108, and sach PHY s associated with a 40k buffer, then the low speed expander 108
provides a total of 400 kilobyte (KB) buffer space. Furthermore, if it is assumed that first
high speed expander 106 and second low speed expander 108 are linked or connecled
together ovar 4 PHYs, then the high speed expander will have about 400KEB/4 = 100KB
buffer dedicated to the individual PHYs for this purpose. It may be assumed that
process 200 is implemented by management module 112 of first high speed expander
108. H should be understood that the techniques of the present application applicable to

first expander 108 may be equally applicabls 1o second expander 108.
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[00027] The process 200 may begin at block 202, where management moduls
112 checks whether it has received a DISCOVER command from iniliator 104, If
management module 112 (first high speed expander 108) does not receive the
DISCOVER command, then processing proceeds to terminate processing at End block.
in one example, the DISCOVER command is a SAS command in accordance with SAS
protocol 1o cause first expander 106 to determing devices connecled to the sxpander
and the other second gxpander 108, for example. In ancther example, processing may
proceed back to block 202 to have management module 112 continue to check for
receipt of the DISCOVER command or other command from initialor 104, On the other
hand, if management module 112 recelves the DISCOVER command, then processing
proceeds o block 204 as described below. In this case, it may be assumed that
management module 112 receives the DISCOVER command and processing procesds
to block 204 as described below.

fO0028) At block 204, management module 112 determines whether transmission
data rale indicated by initiator 104 is higher than transmission data rate indicated by
target 110. I management module 112 determines thal the transmission data rate
indicated by initiator 104 is higher than transmission data rale indicated by target 110,
then processing proceed to block 206 as described below. In this case, it may be
assumed that inifiator 104 is configured as high speed device {12 Gbps} and target 110
is configured as low speed device (6 Gbps) and therefore processing proceeds o block
206 as described below. On the other hand, if management module 112 determines that
the fransmission data rate indicated by initiator 104 is not higher than transmission data
rate indicated by target 110, then processing proceeds to block 208 as described below.
[00029] Al block 206, management module 112 sends a response o iniliator 104
indicating that target 110 operates at a higher fransmission data rate than the
transmission data rate indicated by the target. In this case, target 110 indicates that it is
configured as low speed device (6 Gbps). The management module 112 procesds (o
send a response o iniliator 104 indicating that target 110 operates at a higher
transmission data rate, such as a high speed device (12 Gbps), than the fransmission
data rate indicated by the targel which is a low speed device (6 Gbps). Processing then
proceeds to block 210.

[O0030] Al block 208, management module 112 sends a response {o iniliator 104
indicating that target 110 operates at the fransmission data rate indicated by the targel
In ancther example, to lllustrate, target 110 may indicale that it is configured as a high

spead device (12 Gbps). In this cass, management module 112 sends a responss (o
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initiator 104 indicating that target 110 operates atl the transmission data rale, such as 12
Gbps which is the transmission data rate indicated by the targel. In this manner, initiator
104 may communicate with target 110 at a high speed consistent with the high speed of
initiator. Processing then proceeds to block 210.

f00031] At block 210, management module 112 checks whether it has received an
OPEN command from initiator 104. If management module 112 does not receive the
OPEN command, then processing terminates and proceeds o the End block. In another
example, processing may proceed back {o block 210 to have the management module
112 continug checking for receipt of the OPEN command or other command. On the
other hand, i management module 112 receives the OPEN command, then processing
proceeds to block 212 as described below. In this case, it may be assumed that
management module 112 receives the OFEN command and processing proceeds {o
block 212 as described below. In one example, management module 112 of first
expander 106 is configured to communicate with target 110 and initiator 104 over a SAS
fabric in accordance with SAS protocol. In one example, the OFEN command is a SAS
command in accordance with SAS protoco! to cause first expander 106 1o communicate
with target 110 through the other second expander 108, In another example, in response
receipt of the OPEN command from initiator 104 and after data received from the initiator
is stored in buffer 114, management module 112 is configured to further send a CLOSE
command o the inifialor o close the communication connection between the initiator and
the target. In this case, management module 112 is configured {o then send an OPEN
command fo target 110 {o open a communication connection between first expander 106
and the target.

fO0032] Al block 212, management module 112 delermines wheather transmission
data rate indicaled by initiator 104 is higher than transmission data rate indicated by
target 110, If management module 112 determines that the transmission data rate
indicated by initiator 104 is higher than transmission data rate indicated by target, then
processing procesd 1o block 214 as described below. In the example above, it was
assumed that initiator 104 indicated a iransmission dala rate of 12 Gbps and was
designated as a high speed device. Furthermore, in the example above, it was assumed
that farget 110 indicated a fransmission data rate of 6 Gbps and was designaled as a
low speed device. Therefors, management module 112 determines that the transmission
data rate indicated by initiator 104 is high speed (12 Gbps) and is higher than
fransmission data rate indicated by target which is low spead {6 Gbps), then processing

pracesd to block 214 as described bealow,
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[00033] Al block 214, management module 112 stores in buffer 114 data received
from initiator 104 that is intended for target 110 and that is received from the iniliator at a
higher transmission daia rale than the transmission data rate indicated by the fargetl. in
this case, the data from initiator 104 is received at a higher transmission data rate (12
Gbps) than the transmission dala rate indicated by the farget (6 Gbps). In this case, the
data is stored in buffer 114 for subseguent processing at block 216 below,

fO0034]) At block 218, management module 112 fransmits the data stored in buffer
114 to target 110 at a transmission data rate indicaled by the targel. in one example,
first expander 108 communicates with target 110 through another expander, in this case,
second expander 108, wherein the transmission data rale of first expander 106 (12
Gbps) is higher than transmission data of second expander 108 {6 Gbps). In ong
example, processing then terminales and proceads to End block. in ancther example,
procassing may proceed back 1o block 202 to process other commands or perform other
functions.

fO0035) it should be understood that the above process is one example of the
techniques of the present example and that other implementations may be employed to
praciice the technigues of the present application.

{00036] in another example, first spesd expander 108 may be configured as a
high spsed device {12 Gbps) and may receive an OFEN command from high speed
initiator 104 {12 Gbps) to communicale with low speed target (8 Gbps). In this case, first
expandsr 106 intercepls the OPEN command and responds o initiator 104 with an
ACCEPT message in accordance with SAS protocol. In this case, high speed initiator
104 transmits commands and dala at high speed (12 Gbps) spesds which is then
buffered in buffer 114 of high spesd first expander 106 {12 Gbps). The first expander 106
execuies a CLOSE function or command in accordance with SAS protocol o close the
conngclion between the first expander 106 and initiator 104 before sending out the
response.

[000G37] While management module 112 of first high speed expander (12 Gbps)
parforms the above process, it may generate or exscute an OPEN function or command
to establish a communication connection with low speed target (6 Gbps) over ong of the
links of the expander. in one example, first expander 106 begins to transmil commands
and data to target 110 at low transmission data rates of 6 Gbps. This process may make
space available al buffer 114 o allow the buffer to accumulate more data from high
speead initiator 104, The Tirst expander 106 receives a response back from target 110.

The first high speed expander 106 {12 Gbps} proceeds {0 generate or exegcuis an OPEN
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function or command {0 eslablish another connection with high speed inilialor 104 (12
Gbps) and then the expander proceeds to forward or deliver the response 1o the initialor.
The first high speed expander 108 {12 Gbps) receives a response back from targst 110
and then the expander delivers or returns the response back 1o initiator 104.

{00038] In one example, during the above process, management module 112 of
first high speed expander 106 {12 Gbps) may be fres or available {0 generate or execule
an OFEN function or command {0 establish other communication connsctions with other
fargets while waiting for a response from low speed target 110 (6 Gops). in this manner,
these techniques may aliow for improved or optimal uss of the bandwidth between high
spead initiator 104 (12 Ghps) and high spsed expand 106 {12 Gbps).

f00039] in some examples, the techniques of the present application implemented
in the above process may provide for improved speed or performance as a result of
buffering data o buffer 114 of first high speed expander 106, For example, first high
speed expander 106 (12 Gbps} may generate or execute a CLOSE function or command
te close the conneclion between high speed initiator 104 and itself {expander 106) so
that the initiator may ocontinue io utilize that connection or link o establish other
communication conneclion or links direcled to other targels. Further, first high speed
expander 106 (12 Gbps) may not have to wait {0 receive the entive amount of data from
initiator 104 before procseding to transmit or forward the data to fargst 110, The first
expander 106 procesds {o transmil or forward commands and data out o target 110 as
soon as the expander staris (o receive the commands and daia from the initiator. These
technigues may help to improve the transmission data rate or provide a speed boost and
{e allow the buffers of the expander to be free or have space available to sllow more
processing of data.

[Q0040] In this manner, the present application provides lechniques fo aliow
conngction of relatively low speed devices, such as legacy target devices, o newer
generation higher spaed devices, such as expanders and initiators, in a2 SAS fabric while
helping to reduce the nesd 10 have higher speed devices and expanders transmit at
lower spesds thereby help improve overall bandwidth usage.

{00041} Fig. 3 is an sxample block diagram showing a non-transitory, computer-
readable medium that stores code for operating an expander in accordance with an
example of the techniques of the present application. The non-transitory, computer-
readable medium is generally referred o by the reference number 300 and may be
included in management module 112 described in relation to Fig. 1. The non-transitory,

computer-readable medium 300 may correspond o any typical storage devics that
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stores computer-implemented instructions, such as programming code or the like. For
example, the non-transitory, computer-readable medium 300 may include one or more of
a non-volatile memory, a volalile memory, and/or ong or more siorags devices.
Exampies of non-volatile memory include, bul are not limited to, elecirically erasable
programmable read only memory (EEPROM) and read only memory (ROM). Examples
of volatile memory include, but are not limited o, static random access memory (SRAM),
and dynamic random access memory {(DRAM). Examples of storage devices include,
but are not limited to, hard disk drives, compact disc drives, digital versalile disc drives,
optical drives, and flash memory devices.

{00042] A processor 302 generally retrieves and executes the instructions stored
in the non-transitory, computer-readable medium 300 o operate an expander in
accordance with an example of the lechnigues of the present application. In an
example, the tangible, machine-readable medium 300 may be accessad by a processor
302 over a bus 304. A first region 306 of the non-transitory, computer-readable medium
300 may include management module functionality as described herein. A sscond
region 308 of the non-fransitory, compuler-readable medium 300 may include buffer for
use with management module functionality as described herein.

{000643] Although shown as contiguous blocks, the software components may be
stored in any order or configuration. For example, if the non-transifory, computer-
readable medium 300 is a hard drive, the software components may be stored in non-
contiguous, or sven overlapping, sectors

{00044] The foregoing describes a novel and previously unforesesn approach fo
expander fransmission data rate determination. While the above application has been
shown and described with reference o the foregoing examples, it should be undersiond
that other forms, delails, and implementations may be made without departing from the

spirit and scope of the application.
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WHAT [S CLAIMED IS:

1. An expander comprising:
a buffer to store data; and
a management module o
in response o receipt of a DISCOVER command from an initiator for
discovery, if the expander delermines that transmission data rats indicated by an
initiator is higher than transmission data rale indicated by a target, then send a
response {o the initiator indicating that the target operales at a higher
transmission data rale than the fransmission data rate indicated by the targst,
else send a message 1o the initiator indicating that the target operates at the
transmission data rale indicaled by the target, and
in response o receipt of an OPEN command from the initialor to open a
communication connection with the target, if the expander determines that
transmission data rate indicated by the initiator is higher than transmission data
rate indicated by the target, store in the buffer dala received from the initiator that
is intended for the target and that is received from the iniliator at a higher
fransmission data rate than the transmission data rale indicated by the {arget, and
fransmit the data stored in the buffer to the target at a fransmission data rate
indicated by the target, wherein the expander is o communicate with the target
through another expander wherein the transmission data rale of the expanderis

higher than transmission data of the other expander.

2. The expander of claim 1, wherein in response to the OFPEN command from the
initiator and after data received from the initiator is stored in the buffer, the management
module further 1o send a CLOSE command 1o the initiator 1o close the communication
conngction betweean the initiator and the target, and then send an OPEN command to the

target to open a communication connection between the expander and the target.

3. The expander of claim 1, wherein the expander is to communicate with the target and
initiator over a Serial Attached SCS! (BAS) fabric in accordance with SAS protocol.

4. The expander of claim 1, wherein the OPEN command is a Serial Attached SCS|
(SAS) command in accordance with SAS protocol 1o causs the expander o

communicaie with the target through the other expander.
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5. The expander of claim 1, wherein the DISCOVER command is a Serial Atiached
SCSH{BAL) command in accordance with SAS protocol to cause the expander to

determine devices connecled to the expander and the other expander.

5. A method for an expandar, the method comprising:
in response o receipt of a DISCOVER command from an initiator for
discovery, if the expander determines that transmission data rate indicated by an
initiator is higher than transmission data rate indicated by a target, then sending a
response to the inftiator indicating that the target operales at a higher
transmission data rale than the transmission data rate indicated by the targst,
else sending a response o the initiator indicating that the farget operates at the
fransmission daia rate indicated by the target; and
in response o receipt of an OPEN command from the initiator to open a
communication connection with the target, if the expander determines that
transmission data rate indicated by the initiator is higher than transmission data
rate indicated by the target, then storing in a buffer dala received from the iniliator
that is intended for the target and that is received from the initiator at a higher
fransmission data rate than the transmission data rate indicated by the target, and
fransmitling the data stored in the buffer to the target al 3 transmission data rate
indicated by the target, wherein the expander communicales with the target
through ancther expander wherein the transmission data rate of the expanderis

higher than transmission data of the other expander.

7. The method of claim 8, whersin in response to the OFPEN command from the initiator
and after data received from the initiator is siored in the buffer, further sending a CLOSE
command to the initiator to close the communication connection between the initiator and
the target, and then sending an OFPEN command {o the target to open a communication

connection belween the expander and the target.

8. The method of claim 6, wherein the expander communicating with the target and

initiator over a Serial Attached SCSI{SAS) fabric in accordance with SAS protocol.
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9. The method of claim 8, whersin the OPEN command is a Serial Altached SCSI (BAS)
command in accordance with SAS protocol 1o cause the expander to communicate with

the target through the other expander.

10. The method of claim 8, wherein the DISCOVER command is a Serial Altached 5CSI
(SAS) command in accordance with SAS protocol to cause the expander to delermine

devices connected {¢ the sxpander and the other expander.

11, A non-transifory computer-readable medium having computer execulabie
insiructions stored thereon o operate an gxpander, the insiructions are exegcutable by a
processor to:

in response {0 receipt of a DISCOVER command from an initiator for discovery, if
the expander determines thal iransmission data rate indicaled by an initialor is higher
than fransmission data rate indicated by a target, then send a response o the initiator
indicating that the target operates af a higher transmission data rate than the
fransmission dala rate indicated by the target, else send a response o the initiator
indicating that the target operales at the transmission data rate indicaled by the targel;
and

in response o receipt of an OPEN command from the initiator o open a
communication connection with the target, if the expander determines that transmission
data rate indicagted by the initiator is higher than transmission data rate indicaled by the
targest, then store in a buffer data received from the initiator that Is intended for the targst
and that is received from the initiator at 3 higher transmission data rate than the
fransmission data rate indicated by the target, and transmit the data stored in the buffer
to the targetl at a transmission data rate indicated by the target, wherein the expander is
to communicate with the target through another expander whergin the fransmission data

rate of the expander is higher than transmission data of the other expander.

12. The non-transitory computer-readable medium of claim 11, further comprising
instructions that if executed cause a procsssor 1o, in responss to the OPEN command
from the initiator and after data received from the initialor is stored in the buffer, send a
CLOSE command to the initiator to close the communication conneclion between the
initigtor and the target, and then send an OFPEN command {o the target to open a

communication connection betwegen the expander and the fargel.
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13. The non-transitory computer-readable medium of claim 11 further comprising
insiructions that if executed cause a processor 10 cause the expander to communicaie
with the targst and initiator over a Serial Altached SCE! (BAS) fabric in accordance with
SAS protocol.

14. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a processor 10 cause the expander to process the
OPEN command which is a Serial Allached SCS! (SAS) command in accordance with
SAS profocol and to cause the expander 10 communicate with the target through the

other expander.

15. The non-transitory computer-readable medium of claim 11 further comprising
instructions that if executed cause a procsssor 10 cause the expander 1o process the
DISCOVER command which is a Serial Altached SCS! (8AS) command in accordance
with SAS protocol and to cause the expander {0 determing devices connected to the

expander and the other expander.
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