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SAS DOMAIN MANAGEMENT AND SSP DATA 
HANDLING OVER ETHERNET 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims priority under 35 U.S.C. 
§1 19(e) to US. Provisional Application Ser. No. 61/315,553, 
?led Mar. 19, 2010, entitled “SAS DOMAIN MANAGE 
MENT AND SSP DATA HANDLING OVER ETHERNET”; 
which is incorporated herein by reference. 

TECHNICAL FIELD 

The present disclosure generally relates to the ?eld of 
Small Computer System Interface (SCSI) networks, and 
more particularly to a system, method, and device for provid 
ing remote communications to a Serial Attached SCSI (SAS) 
domain. 

BACKGROUND 

In data storage systems, it is often necessary for an admin 
istrator to monitor and manage the various devices within the 
network. Existing methods for such management include a 
specialized communications such as a serial port, an inter 
integrated circuit port, JTAG port (IEEE 1149.1), or parallel 
(IEEE 1284) port. Such out of band (OOB) methods have 
inherent limitations for managing the network. 

SUMMARY 

A method for data communication in a Serial Attached 
Small Computer System Interface (SAS) domain includes, 
but is not limited to executing a server application on an active 
device within the SAS domain, the active device connected to 
a remote client via an ethemet connection, receiving at least 
one Internet Protocol Suite command from the remote client 
via the ethemet connection, converting an ethemet frame of at 
least one command to at least one SAS frame, and routing the 
at least one SAS frame via a SAS data path to a SAS target 
device connected to the active device, the SAS target device 
corresponding to a ?eld of the command. 
A system for data communication in a Serial Attached 

Small Computer System Interface (SAS) domain includes, 
but is not limited to, means for connecting an active device 
within the SAS domain to a remote client via an ethernet 
connection, means for executing a server application on the 
active device, means for receiving an Internet Protocol Suite 
command from the client via the ethemet connection, means 
for converting an ethemet frame of the command to at least 
one SAS frame, means for routing the at least one SAS frame 
via a SAS data path to a SAS target device corresponding to 
a ?eld of the command. 
A Serial Attached Small Computer System Interface (SAS) 

device includes, but is not limited to a network interface 
con?gured for connecting to an Ethernet network for com 
munications with a remote client, a memory for storing com 
puter executable code con?gured to operate a server applica 
tion, a processor for executing the server application, and a 
bus communicatively coupled with the network interface, the 
memory, the processor, and at least one SAS data path for data 
communications with other SAS devices via the bus, wherein 
the server application is con?gured to convert at least one 
Ethernet frame from the remote client received via the ether 
net connection to at least one SAS frame, the server applica 
tion is con?gured to route the converted at least one SAS 
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2 
frame over one of the at least one SAS data path to a SAS 
target corresponding to a ?eld of the data communications. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory only and are not necessarily restrictive 
of the present disclosure. The accompanying drawings, which 
are incorporated in and constitute a part of the speci?cation, 
illustrate subject matter of the disclosure. Together, the 
descriptions and the drawings serve to explain the principles 
of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The numerous advantages of the disclosure may be better 
understood by those skilled in the art by reference to the 
accompanying ?gures in which: 

FIG. 1 is a block diagram of a SAS domain system includ 
ing a SAS device in accordance with the present disclosure; 

FIG. 2 is a ?owchart diagram of a method for data com 
munications with a SAS domain as implemented by/in accor 
dance with the present disclosure; and 

FIG. 3 is a block diagram illustrating a SAS device in 
accordance with the present disclosure. 

DETAILED DESCRIPTION 

Reference will now be made in detail to the subject matter 
disclosed, which is illustrated in the accompanying drawings. 

Referring generally to FIG. 1, a networked storage domain 
100 is shown. For example, the transport protocol of the 
domain may be a Small Computer System Interface (SCSI) 
protocol implemented over a network capable media trans 
port protocol, such as Serial Attached SCSI (SAS). For 
example, networked storage domain 100 may be a set of SAS 
devices that communicate with one another via SAS. 
The networked storage domain (exiSAS domain) 100 

may include an active device 102 within the networked stor 
age domain. For example, the active device 102 may be a SAS 
expander. Networked storage domain 100 may further 
include additional SAS devices, such as SAS initiator 104, 
other SAS expanders 106, and other SAS targets (exidisk 
drives 108). SAS initiator 104, SAS expanders 106, and SAS 
targets 108 may be communicatively coupled to active device 
102 via SAS links 110. 
The active device 102 may execute an embedded server 

application 112.Active device 102 may further include one or 
more Serial SCSI Protocol (SSP) targets 124 (exiSAS disk 
drives, SATA disk drives) or may include one or more Serial 
Management Protocol (SMP) targets 126 (exiSAS Expand 
ers). Active device 102 may further include a network inter 
face for connecting to an Ethernet network. Server applica 
tion 112 may transmit and receive data from a remote client 
application 116 via an Ethernet link 114. For example, the 
remote client application 116 may be executed by an infor 
mation handling device 118 (ex4computer, personal digital 
assistant, smart phone, cellular telephone). User Input to and 
user output from remote client application 116 may utilize a 
Graphical User Interface (GUI). Ethernet link 114 may per 
mit communications with SAS domain 100 from any Inter 
net-enabled location or Internet-enabled device. 
Remote client application 116 may send commands utiliZ 

ing an Internet Protocol Suite (also called Transmission Con 
trol Protocol/Internet Protocol, or TCP/IP) protocol. These 
commands may be encoded as one or more Ethernet frames 

and may include data. These Ethernet frames may be custom 
formatted for communications between the remote client 
application 116 and server application 112. Further, the hand 
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shake methodology may be custom formatted for communi 
cations between the remote client application 116 and server 
application 112. Communications between remote client 116 
and server application 112 may be secure. Communications 
between remote client 116 and server application 112 may 
utilize a unique port number. The unique port number may be 
assigned by the Internet Assigned Numbers Authority 
(IANA). 

Server application 112 may receive commands from 
remote client application 116 and convert the Ethernet frames 
of the commands into one or more SAS frames. Server appli 
cation 112 may route the converted SAS frames to the appro 
priate SAS target via a SAS data path. For example, the 
appropriate SAS target may correspond to a ?eld of the com 
mand. Active device 102 may further include a SMP initiator 
120 or a SSP initiator 122. If the SAS target of the command 
is a SMP target (exiSAS expander), the SAS data path may 
include SMP initiator 120. If the SAS target of the command 
is a SSP target (exiSAS disk drive), the SAS data path may 
include SSP initiator 122. Further, communications between 
server application 112 and remote client application 116 may 
be utilized for simultaneous SMP and SSP communications. 
For example, server application 112 may communicate infor 
mation from remote client application 116 to both one or 
more of SAS expanders 106 and one or more of SAS targets 
108. Server application may route the converted SAS frames 
to one or more of SAS expanders 106 via SMP initiator 120 
and one or more of SAS targets 108 via SSP initiator 122. 

Server application 112 may further receive a response via a 
second data path from the SAS target of the command. The 
response may include data. The second data path may be 
identical to the SAS data path utilized for routing the con 
verted SAS frames. The response may be encoded as one or 
more SAS frames. Server application 112 may convert the 
SAS frames of the response into one or more Ethernet frames. 
Server application 112 may then transmit the converted Eth 
ernet frames to the remote client application 116 via the 
Ethernet link 114. 

Communications between server application 112 and 
remote client application 116 may be utilized for either SMP 
or SSP communications. Communications between server 
application 112 and remote client application 116 may be 
utilized for management of the SAS domain 100. Manage 
ment of the SAS domain may include monitoring the SAS 
domain (exigathering discovery data) or controlling the 
SAS domain (exisetting zone tables). Management of the 
SAS domain may include out-of-band management. Further, 
communications between server application 112 and remote 
client application 116 may be utilized for SSP data transfer. 
Further, communications between server application 112 and 
remote client application 116 may be utilized for download 
ing con?guration pages or upgrading ?rmware. 

Referring generally to FIG. 2, a ?owchart illustrating a 
method for communications with a SAS domain 100 is 
shown. Active device 102 may be con?gured to perform the 
method 200. The method 200 may include a block 210 rep 
resenting executing a server application on an active device 
within the SAS domain. For example, the active device 102 
may be communicatively coupled to a remote client 118 via 
an Ethernet connection 114. The active device 102 may be a 
SAS expander. The method 200 may further include a block 
220 representing receiving at least one command from the 
remote client via the Ethernet connection. The method 200 
may further include a block 230 representing converting an 
Ethernet frame of the at least one command to at least one 
SAS frame. The method 200 may further include a block 240 
representing routing the at least one SAS frame via a SAS 
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4 
data path to a SAS target device connected to the active 
device. For example, the SAS data path may include at least 
one or more of a SMP initiator 122 or a SSP initiator 120. The 

SAS target device may correspond to a ?eld of the command. 
The SAS target device (exi106, 108, 124, 126) may be 
external to the active device or may be included within the 
active device. Communications with the SAS domain may be 
utilized for out-of-band management of the SAS domain. 
The method 200 may further include a block 250 repre 

senting receiving a SAS response from the SAS target device 
(exi106, 108, 124, 126) via the SAS data path. The method 
200 may further include a block 260 representing converting 
a responding SAS frame of the SAS response to at least one 
responding Ethernet frame. The method 200 may further 
include a block 270 representing transmitting the at least one 
responding Ethernet frame to the remote client via the Ether 
net connection 114. 

Referring generally to FIG. 3, a diagram 300 illustrating 
SAS device 310 is shown. SAS device may be active device 
110. SAS device may include network interface 320. Net 
work interface 320 may be con?gured for connecting to an 
Ethernet network for communications with a remote client 
(exiinformation handling device 118). SAS device may fur 
ther include memory 330. Memory 330 may store computer 
executable code con?gured to operate a server application 
(exiembedded server application 112). SAS device 310 
may further include processor 340. SAS device 310 may 
further include bus 350. Bus 350 may be communicatively 
coupled with the network interface, the memory, the proces 
sor, and at least one SAS initiator for providing communica 
tions between the server application and other SAS devices. 

Processor 340 may execute the server application 360. The 
server application may be con?gure to convert at least one 
Ethernet frame from the remote client to at least SAS frame. 
The at least one Ethernet frame may be received via the 
Ethernet connection 114. Further, the server application may 
be con?gured to route the converted at least one SAS frame 
over one of the at least one SAS initiator to a SAS target 

(exione or more of106, 108, 124, 126. The SAS target may 
correspond to a ?eld of the communications with the remote 
client. An at least one SAS data path may include an SAS 
initiator 370 such as a SMP initiator 122 or a SSP initiator 
120. 
The server application may receive a response from the 

SAS target. The response may include at least one SAS frame. 
The server application may convert the at least one SAS frame 
to at least one Ethernet frame. Further, the server application 
may transmit the converted at least one Ethernet frame to the 
remote client. The SAS target may be external to the SAS 
device. In another embodiment, the SAS target may be 
located within the SAS device. 

In the present disclosure, the methods disclosed may be 
implemented as sets of instructions or software readable by a 
device. Further, it is understood that the speci?c order or 
hierarchy of steps in the methods disclosed are examples of 
exemplary approaches. Based upon design preferences, it is 
understood that the speci?c order or hierarchy of steps in the 
method can be rearranged while remaining within the dis 
closed subject matter. The accompanying method claims 
present elements of the various steps in a sample order, and 
are not necessarily meant to be limited to the speci?c order or 
hierarchy presented. 

It is believed that the present disclosure and many of its 
attendant advantages will be understood by the foregoing 
description, and it will be apparent that various changes may 
be made in the form, construction and arrangement of the 
components without departing from the disclosed subject 
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matter or without sacri?cing all of its material advantages. 
The form described is merely explanatory, and it is the inten 
tion of the following claims to encompass and include such 
changes. 

What is claimed is: 
1. A method for data communication in a Serial Attached 

Small Computer System Interface (SAS) domain, compris 
ing: 

designating a unique port number for communicating with 
the SAS domain via an Ethernet connection; 

executing a server application on an active device within 
the SAS domain, the active device connected to a remote 
client via the Ethernet connection; 

receiving at least one Internet Protocol Suite command 
from the remote client via the Ethernet connection, 
wherein the received at least one Internet Protocol Suite 
command utilizes the unique port number; 

converting an Ethernet frame of the at least one Internet 
Protocol Suite command to at least one SAS frame for 
out-of-band management within the SAS domain; 

routing the at least one SAS frame via a SAS data path to a 
SAS target device connected to the active device, the 
SAS target device corresponding to a ?eld of the Internet 
Protocol Suite command; and 

utiliZing the data communication for out-of-band manage 
ment of the SAS target device. 

2. The method of claim 1, wherein the active device is a 
SAS expander. 

3. The method of claim 1, further including: 
receiving a SAS response from the SAS target device via 

the SAS data path; 
converting a responding SAS frame of the SAS response to 

at least one responding Ethernet frame; 
transmitting the at least one responding Ethernet frame to 

the remote client via the Ethernet connection. 
4. The method of claim 1, wherein the SAS data path 

includes at least one of a Serial Management Protocol (SMP) 
Initiator or a Serial Small Computer System Interface Proto 
col (SSP) Initiator. 

5. The method of claim 1, wherein the SAS target device is 
external to the active device. 

6. The method of claim 1, wherein the active device 
includes the SAS target device. 

7. A system for data communication in a Serial Attached 
Small Computer System Interface (SAS) domain, compris 
ing: 
means for connecting an active device within the SAS 

domain to a remote client via an the Ethernet connection 
by communicating between the active device and the 
remote client utiliZing a unique port number designated 
for SAS communication over Ethernet; 

means for executing a server application on the active 

device; 
means for receiving an Internet Protocol Suite command 

from the client via the Ethernet connection utiliZing the 
unique port number; 

means for converting an Ethernet frame of the Internet 
Protocol Suite command to at least one SAS frame that 
performs out-of-band management within the SAS 
domain; 
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6 
means for routing the at least one SAS frame via an SAS 

data path to a SAS target device corresponding to a ?eld 
of the Internet Protocol Suite command; and 

means for utiliZing the data communication for out-of 
band management of the SAS target device. 

8. The system of claim 7, wherein the active device is a SAS 
expander. 

9. The system of claim 7, further including: 
means for receiving a SAS response from the SAS target 

device via the SAS data path; 
means for converting a responding SAS frame of the SAS 

response to at least one responding Ethernet frame; 
means for transmitting the at least one responding Ethernet 

frame to the remote client via the Ethernet connection. 
10. The system of claim 7, wherein the SAS data path 

includes at least one of a Serial Management Protocol (SMP) 
Initiator or a Serial Small Computer System Interface Proto 
col (SSP) Initiator. 

11. The system of claim 7, wherein the SAS target device is 
external to the active device. 

12. The system of claim 7, wherein the active device 
includes the SAS target device. 

13. A Serial Attached Small Computer System Interface 
(SAS) device, comprising: 

a network interface con?gured for connecting to an Ether 
net network for communications with a remote client 
utiliZing a unique port number designated for SAS com 
munication over an Ethernet connection; 

a memory for storing computer executable code con?gured 
to operate a server application; 

a processor for executing the server application; and 
a bus communicatively coupled with the network interface, 

the memory, the processor, and at least one SAS initiator 
for data communications with other SAS devices via the 
bus; 

wherein the server application is con?gured to: 
convert at least one Ethernet frame of an Internet Proto 

col Suite command from the remote client received 
via the network interface to at least one SAS frame 
including an instruction for out-of-band management 
of an SAS device, 

route the converted at least one SAS frame over one of 
the at least one SAS initiator to a SAS target corre 

sponding to a ?eld of the data communications, and 
utilize the routed at least one SAS frame to perform 

out-of-band management of the SAS target. 
14. The SAS device of claim 13, wherein the at least one 

SAS initiator includes at least one of a Serial Management 
Protocol (SMP) Initiator or a Serial Small Computer System 
Interface Protocol (SSP) Initiator. 

15. The SAS device of claim 13, wherein the server appli 
cation converts at least one responsive SAS frame from the 
SAS target received via a responsive data path of the at least 
one SAS data path to at least one responsive TCP/IP frame, 
the server application instructs the processor to route the 
converted at least one SAS frame over the network interface 
to the remote client. 

16. The SAS device of claim 13, further including the SAS 
target. 

17. The SAS expander of claim 13, wherein the SAS target 
is external to the SAS device. 

* * * * * 


