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ADDRESSES ASSIGNMENT FOR ADAPTOR INTERFACES

BACKGROUND

1. Field

[0001] The embodiments relate to addresses assignment for adaptor interfaces.

2. Description of the Related Art

[0002] An adaptor or multi-channel protocol controller enables a device coupled to the
adaptor to communicate with one or more connected end devices over a physical cable or
line according to a storage interconnect architecture, also known as a hardware interface,
where a storage interconnect architecture defines a standard way to communicate and
recognize such communications, such as Serial Attached Small Computer System
Interface (SCSI) (SAS), Serial Advanced Technology Attachment (SATA), etc. These
storage interconnect architectures allow a device to maintain one or more connections,
such as direct point-to-point connections with end devices or connections extending
through one or more expanders. Devices may also interconnect through a switch, an
expander, a Fibre Channel arbitrated loop, fabric, etc. In the SAS/SATA architecture, a
SAS port is comprised of one or more SAS PHY's, where each SAS PHY interfaces a
physical layer, i.e., the physical interface or connection, and a SAS link layer having
multiple protocol link layer. Communications from the SAS PHY's in a port is processed
by the transport layers for that port. There is one transport layer for each SAS port to
interface with each type of application layer supported by the port. A “PHY” as defined in
the SAS protocol is a device object that is used to interface to other devices and a physical
interface. Further details on the SAS architecture for devices and expanders is described
in the technology specification “Information Technology — Serial Attached SCSI (SAS)”,
reference no. ISO/IEC 14776-150:200x and ANSI INCITS.**#*:200x PHY layer (July 9,
2003), published by ANSI; details on the Fibre Channel architecture are described in the
technology specification “Fibre Channel Framing and Signaling Interface”, document no.
ISO/IEC AWI 14165-25; details on the SATA architecture are described in the technology
specification “Serial ATA: High Speed Serialized AT Attachment” Rev. 1.0A (Jan. 2003).
[0001] Within an adaptor, the PHY layer may include the parallel-to-serial converter to
perform the serial to parallel conversion of data, so that parallel data is transmitted to

layers above the PHY layer, and serial data is transmitted from the PHY layer through the
1



10

15

20

25

30

WO 2005/064897 PCT/US2004/040138

physical interface to the PHY layer of a receiving device. In the SAS specification, there
is one set of link layers for each SAS PHY layer, so that effectively each link layer
protocol engine is coupled to a parallel-to-serial converter in the PHY layer. The physical
interfaces for PHYs on different devices may connect through a cable or through a path
etched on the circuit board to connect through a circuit board path.

[0002] As mentioned, a port contains one or more PHYs. Ports in a device are associated
with physical PHYs based on the configuration that occurs during an identification
sequence. A port is assigned one or more PHY's within a device for those PHY's within
that device that are configured to use the same SAS address within a SAS domain during
the identification sequence, where PHY's on a device having the same SAS address in one
port connects to PHY's on a remote device that also use the same SAS address within a
SAS domain. A wide port has multiple interfaces, or PHY's and a narrow port has only
one PHY. A wide link comprises the set of physical links that connect the PHYs of a wide
port to the corresponding PHY s in the corresponding remote wide port and a narrow link
is the physical link that attaches a narrow port to a corresponding remote narrow port.
Further details on the SAS architecture is described in the technology specification
“Information Technology — Serial Attached SCSI (SAS)”, reference no. ISO/IEC 14776-
150:200x and ANSI INCITS.***:200x PHY layer (July 9, 2003), published by ANSI.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:
FIGs. 1 and 2 illustrate a system and adaptor in accordance with embodiments;
FIGs. 3, 5a, 5b, and 7 illustrate how devices may connect in accordance with
embodiments; and
FIGs. 4 and 6 illustrate operations to perform an identification sequence between

connected devices in accordance with embodiments.

DETAILED DESCRIPTION

[0004] In the following description, reference is made to the accompanying drawings

which form a part hereof and which illustrate several embodiments. It is understood that

other embodiments may be utilized and structural and operational changes may be made.
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[0005] FIG. 1 illustrates a computing environment in which embodiments may be
implemented. A host system 2 includes one or more central processing units (CPU) 4
(only one is shown), a volatile memory 6, non-volatile storage 8, an operating system 10,
and adaptors 12a, 12b which includes physical interfaces to connect with remote deices,
comprising end devices, switches, expanders, storage devices, servers, etc. An application
program 16 further executes in memory 6 and is capable of transmitting and receiving
transmissions via one of the adaptors 12a, 12b. The host 2 may comprise any computing
device known in the art, such as a mainframe, server, personal computer, workstation,
laptop, handheld computer, telephony device, network appliance, virtualization device,
storage controller, etc. Various CPUs 4 and operating system 10 known in the art may be
used. Programs and data in memory 6 may be swapped into storage 8 as part of memory
management operations.

[0006] The operating system 10 may load a device driver 20a and 20b for each storage
interface supported in the adaptor 12 to enable communication with a device
communicating using the same supported storage interface and also load a bus interface
24, such as a Peripheral Component Interconnect (PCI) interface, to enable
communication with a bus 26. Further details of PCI interface are described in the
publication “PCI Local Bus, Rev. 2.3, published by the PCI-SIG. The operating system
10 may load device drivers 20a and 20b supported by the adaptors 12a, 12b upon detecting
the presence of the adaptors 12a, 12b, which may occur during initialization or
dynamically. In the embodiment of FIG. 1, the operating system 10 loads three device
drivers 20a and 20b. For instance, the device drivers 20a and 20b may support the SAS
and SATA storage interfaces, i.e., interconnect architectures. Additional or fewer device
drivers may be loaded based on the number of storage interfaces the adaptors 12a and 12b
supports.

[0007] FIG. 2 illustrates an embodiment of an adaptor 12, which may comprise the
adaptors 12a, 12b. Each adaptor includes one or more ports 30, where each port 30
contains a port layer 32 that interfaces with one or more SAS PHYs 34. Each PHY
includes a SAS link layer 36 having one or more protocol link layers. FIG. 2 shows three
protocol link layers, including a Serial SCSI Protocol (SSP) link layer 38a to process SSP
frames, a Serial Tunneling Protocol. (STP) layer 38b, a Serial Management Protocol
(SMP) layer 38c, which in turn interface through port layer 32 with their respective

transport layers, a SSP transport layer 40a, a STP transport layer 40b, and an SMP
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transport layer 40c. The layers may be implemented as program components executed
from memory and/or implemented in hardware.

[0008] Each PHY 34 for port 30 further includes a SAS PHY layer 42 and a physical layer
44, The physical layer 44 comprises the physical interface, including the transmitter and
receiver circuitry, paths, and connectors. As shown, the physical layer 44 is coupled to the
PHY layer 42, where the PHY layer 42 provides for an encoding scheme, such as 8b10b to
translate bits, and a clocking mechanism. The PHY layer 32a, 32b...32n may include a
serial-to-parallel converter to perform the serial-to-parallel conversion and a phased lock
loop (PLL) to track the incoming data and provide the data clock of the incoming data to
the serial-to-parallel converter to use when performing the conversion. Data is received at
the adaptor 12 in a serial format, and is converted at the SAS PHY layer 32a, 32b...32n to
the parallel format for transmission within the adaptor 12. The SAS PHY layer 42 further
provides for error detection, bit shift and amplitude reduction, and the out-of-band (OOB)
signaling to establish an operational link with another SAS PHY in another device, speed
negotiation with the PHY in the external device transmitting data to adaptor 12, etc.

[0009] In the embodiment of FIG. 2, there is one protocol transport layer 40a, 40b, and
40c to interface with each type of application layer 48a, 48b, 48c in the application layer
50. The application layer 50 may be supported in the adaptor 12 or host system 2 and
provides network services to the end users. For instance, the SSP transport layer 46a
interfaces with a SCSI application layer 48a, the STP transport layer 46¢ interfaces with an
Advanced Technology Attachment (ATA) application layer 48b, and the SMP transport
layer 46d interfaces with a management application layer 48c. Further details on the
operations of the physical layer, PHY layer, link layer, port layer, transport layer, and
application layer and components implementing such layers described herein are found in
the technology specification “Information Technology — Serial Attached SCSI (SAS)”.
Further details of the ATA technology are described in the publication “Information
Technology -AT Attachment with Packet Interface — 6 (ATA/ATAPI-6)”, reference no.
ANSI INCITS 361-2002 (September, 2002).

[0010] Each port 30 has a unique SAS address across adaptors 12 and each PHY 34 within
the port has a unique identifier within the adaptor 12 for management functions and
routing. An adaptor 12 may further have one or more unique domain addresses, where
different ports in an adaptor 12 can be organized into different domains or devices. The

SAS address of a PHY may comprise the SAS address of the port to which the PHY is
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assigned and that port SAS address is used to identify and address the PHY to external
devices in a SAS domain.

[0011] FIG. 3 illustrates an example of how devices 100 and 102 may interface, where the
device 100 has eight PHYs 104a, 104b...104] linked to eight PHYs 106a, 106b... 106,
respectively, at the device 104. The devices 100 and 102 may comprise a host, expander,
storage device, server, etc., where the devices may implement the architecture described
with respect to FIG. 2 These devices 100 and 102 may have an initial address
configuration for their PHYs, where the PHY's may share the same port address and be in
the same domain. The initial address configuration for the PHY's in a device is based on
user configuration selections.

[0012] FIG. 4 illustrates operations implemented in a device implementing the
architecture of FIG. 2, such as adaptor 12 devices 100 and 102, to perform the
identification sequence and configure the PHY's within ports. During the identification
sequence, a device is informed of the address of remote interfaces, e.g., remote PHYs,
connected to the local interfaces, e.g., local PHYs, of the device. The identification
sequence operations in FIG. 4 may be programmed in the port layer 32 of the adaptor 12,
devices 100, 102 or performed by a device driver 20a and 20b for the adaptor 12. Upon
commencing (at block 150) the identification sequence after a reset or power-on sequence
at a device, e.g., 100, a loop is performed at block 152 through 170 for each port j
provided in the initial or default configuration maintained at the device, e.g., 100. For
each initial port j a loop is performed at blocks 154 through 160 for each PHY i assigned
to portj in the initial configuration. At block 156, a device, e.g., 100, transmits identify
address information including the SAS address of PHY 7, which is the SAS address of port
J, to the attached PHY, e.g., 1062, 106b...106h in remote device 102. The PHY i further
receives (at block 158) the identify address information from the PHY to which PHY 7 is
attached. Device 100 may receive the identification information from the remote device
102 before transmitting identification information, or vice versa. Identification for a PHY
is complete when a PHY has transmitted and received identification information. Further,
if the device 100 does not receive identification information for the attached device PHY,
then a timeout may occur where the entire link initialization process is restarted. Control
then proceeds back to block 154 to transmit and receive the identify address information
for the next PHY.



10

15

20

25

30

WO 2005/064897 PCT/US2004/040138

[0013] After all the PHYS, e.g., 104a, 104b...104h, have received the identify address
information from the attached PHYs, e.g., 106a, 106b...106h, a determination is made (at
block 162) whether all the PHYS, e.g., 104a, 104b...104h, received the same SAS address
from the PHY's to which they connect. If so, then a wide port is formed for port /
including all the PHYS, e.g., 104a, 104b...104h, initially assigned to port j, so that all are
configured to use the initial port j SAS address. The common SAS address of all the
remote PHYS, e.g., 106a, 106b...106h, is then associated with the common portj SAS
address of the local PHYsS, e.g., 104a, 104b...104h, to use during operations. If (at block
162) the SAS addresses of the remote PHYs 106a, 106b...106h are not the same, then for
each received unique remote SAS address k , the local PHYS, e.g., 104a, 104b...104h, that
connect to remote SAS address k are assigned (at block 168) to a newly configured port
having a new unique port SAS address. The new unique SAS addresses of the local
PHY's may not be the same if the connected remote PHY's were in different remote
devices. In certain embodiments, the new unique port SAS addresses may be different
than the initial SAS address configured for the port or one port SAS address may be the
same as the initial SAS address and the other additional new SAS addresses for the
connections to different remote devices may be unique. From block 166 or 168, control
proceeds (at block 170) back to block 152 to consider any further ports in the initial
configuration. After considering all ports in the initial configuration, if (at block 172) new
ports and SAS addresses were configured, control proceeds back to block 150 to perform a
second instance of the initialization process using the new assignment of PHY's to port
addresses.

[0014] The local and remote PHY's comprise local and remote interfaces at the local and
remote devices, respectively. An interface is a physical or logical component that is
connected to another interface on the same or a different device. The term interface may
include interfaces other than PHY interfaces. A wide port comprises a port assigned
multiple interfaces, where one or more interfaces may be assigned to a port. A local
address, such as the local SAS address, comprises an address or identifier assigned to one
or more interfaces and a remote address, such as the remote SAS address, comprises an
address or identifier assigned to one or more interfaces in a remote device that connects to
another interface, such as one of the local interfaces.

[0015] With the operations of FIG. 4, the ports are configured to include the maximum

number of PHY's in each new port, where the PHY's in each new port will connect to
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PHYs in the connected adaptor that have the same SAS address. Further, if the PHYs in
an initial port configuration are not connected to PHYs having the same PHY address,
then new ports are configured with new SAS addresses to provide new ports, so that the
PHYs assigned to the new ports connect.to PHYs in the connected adaptors having the
same SAS address. Further, after the reconfiguration of the ports, the identification
sequence is performed again to perform configuration using the new port configuration.
[0016] FIG. 5a illustrates an embodiment where the PHY's in the device 180 are
configured to have one SAS address “x”, which connect to PHY's in three different devices
182, 184, and 186, each having a different SAS address “A”, “B”, and “C”. Performing the
operations of FIG. 4 within a device having the configuration of FIG. 5a results in the
configuration shown in FIG. 5b, in which adaptor 180 is configured to use three SAS
addresses XA, XB, and XC to communicate with the PHY'S in devices 182, 184, and 186.
Bach of the SAS addresses XA, XB, and XC may comprise the address of a different port.
[0017] FIG. 6 illustrates an alternative embodiment of operations to perform the
identification sequence and establish port configurations. FIG. 6 includes many of the
same operations of FIG. 4, with the following exceptions. After determining (at block
212) that the connected PHY's do not return the same address for a port j, instead of
configuring new ports with different SAS addresses as done in FIG. 4, at block 218, for
each received unique target SAS address k, a different domain is formed in the device 180
having a unique domain identifier. Each PHY is then internally identified using both the
SAS address and the newly configured domain identifier. After the domain designation is
made, the device, e.g., 100 (FIG.3), does not perform the identification sequence again and
instead uses the domain identifier and SAS address to distinguish PHY's having the same
address that are connected to different devices. However, external devices 182, 184, 186
may use the same SAS address to address the local PHY.

[0018] FIG. 7 illustrates an embodiment resulting from performing the operations of FIG.
6 in a device having the configuration shown in FIG. 5a, in which the device, e.g., 100, is
configured to use the same SAS address “X” for PHY's connected to different devices 252,
254, and 256, but where those PHYs connected to different addresses are configured in
different domains A, B, C. Thus, the device 250 uses the combination of domain identifier
and SAS address to distinguish its local PHYs. With the embodiment of FIG. 6, a second
identification sequence is not performed, unlike the second identification sequence

performed at block 172 in FIG. 4, because there is no alteration of the default port
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configuration. Instead, the same address “X” is used. Thus, the remote devices 182, 184,
186 (FIG. 7) use the same SAS address to address the different PHY's in device 180 and
the device 180 uses the domain addresses A, B, C in combination with the port SAS
address “X” to distinguish the local PHYs. devices.

[0019] The described embodiments provide techniques for assigning PHY's or interfaces
to ports when the interfaces receive different SAS addresses from the attached PHYs. The
embodiment of FIG. 6 minimizes communication and coordination between the local and
remote PHY's, because the initial address configuration is used for interfaces that receive
different addresses from the attached device and the device internally distinguishes
interfaces connected to different addresses by assigning the interfaces to different
domains.

[0020] In certain embodiments, the configuration is performed to form ports having a
maximum possible width, i.e., maximum number of PHYs/connections. Maximizing the
number of PHYs in a port maximizes the throughput for a port. Further, maximizing
PHY's maximizes the load balancing opportunities. Yet further, maximizing the number of
PHY's and connections at a port increases the number of alternate paths to the port, which
minimizes I/O latency. Still further, maximizing the number of PHY's at a port provides

redundant connections to allow continued operations should one or more PHYS fail.

Additional Embodiment Details

[0021] The described embodiments may be implemented as a method, apparatus or article
of manufacture using programming and/or engineering techniques to produce software,
firmware, hardware, or any combination thereof. The term “article of manufacture” and
“circuitry” as used herein refers to a state machine, code or logic implemented in hardware
logic (e.g., an integrated circuit chip, Programmable Gate Array (PGA), Application
Specific Integrated Circuit (ASIC), etc.) or a computer readable medium, such as magnetic
storage medium (e.g., hard disk drives, floppy disks,, tape, etc.), optical storage (CD-
ROMs, optical disks, etc.), volatile and non-volatile memory devices (e.g., EEPROMs,
ROMs, PROMs, RAMs, DRAMs, SRAMs, firmware, programmable logic, etc.). Code in
the computer readable medium is accessed and executed by a processor. When the code
or logic is executed by a processor, the circuitry may include the medium including the
code or logic as well as the processor that executes the code loaded from the medium. The

code in which preferred embodiments are implemented may further be accessible through
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a transmission media or from a file server over a network. In such cases, the article of
manufacture in which the code is implemented may comprise a transmission media, such
as a network transmission line, wireless transmission media, signals propagating through
space, radio waves, infrared signals, etc. Thus, the “article of manufacture” may comprise
the medium in which the code is embodied. Additionally, the “article of manufacture”
may comprise a combination of hardware and software components in which the code is
embodied, processed, and executed. Of course, those skilled in the art will recognize that
many modifications may be made to this configuration, and that the article of manufacture
may comprise any information bearing medium known in the art. Additionally, the
devices, adaptors, etc., may be implemented in one or more integrated circuits on the
adaptor or on the motherboard.

[0022] In the described embodiments, a physical interface was represented by a PHY,
providing an interface between the physical connection and other layers within the
adaptor. In additional embodiments, the interface representing a physical connection may
be implemented using constructs other than a PHY.

[0023] Described embodiments utilize the SAS architecture. In alternative embodiments,
the described techniques for assigning physical connections to ports may apply to
additional storage interfaces.

[0024] In the described embodiments, certain operations were described with respect to
layers within the device/adaptor architectures. In alternative implementations, the
functions described as performed by a certain layer may be performed in a different layer.
[0025] In the described embodiments, transmissions are received at a device from a
remote device over a connection. In alternative embodiments, the transmitted and received
information processed by the transport protocol layer or device driver may be received
from a separate process executing in the same computer in which the device driver and
transport protocol driver execute.

[0026] In certain embodiments, the device driver and network adaptor embodiments may
be included in a computer system including a storage controller, such as a SCSI,
Redundant Array of Independent Disk (RAID), etc., controller, that manages access to a
non-volatile storage device, such as a magnetic disk drive, tape media, optical disk, etc. In
alternative implementations, the network adaptor embodiments may be included in a

system that does not include a storage controller, such as certain hubs and switches.
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[0027] In described embodiments, the storage interfaces supported by the adaptors
comprised SATA and SAS. In additional embodiments, other storage interfaces may be
supported. Additionally, the adaptor was described as supporting certain transport
protocols, e.g. SSP, STP, and SMP. In further implementations, the adaptor may support
additional transport protocols used for transmissions with the supported storage interfaces.
The supported storage interfaces may transmit data at the same link speeds or at different,
non-overlapping link speeds. Further, the physical interfaces may have different physical
configurations, i.e., the arrangement and number of pins and other physical
interconnectors, when the different supported storage interconnect architectures use
different physical configurations.

[0028] The illustrated operations of FIGs. 4 and 6 show certain events occurring in a
certain order. In alternative embodiments, certain operations may be performed in a
different order, modified or removed. Moreover, operations may be added to the above
described operations and still conform to the described embodiments. Further, operations
described herein may occur sequentially or certain operations may be processed in
parallel. Yet further, operations may be performed by a single processing unit or by
distributed processing units.

[0029] The adaptors 12a, 12b may be implemented in a network card, such as a
Peripheral Component Interconnect (PCI) card or some other I/O card, or on integrated
circuit components mounted on a system motherboard or backplane.

[0030] The foregoing description of various embodiments has been presented for the
purposes of illustration and description. Many modifications and variations are possible in

light of the above teaching.

10



10

15

20

25

WO 2005/064897 PCT/US2004/040138

WHAT IS CLAIMED IS:

1. A method, comprising:

maintaining an initial configuration assigning multiple local interfaces to one
initial local address;

for each local interface, receiving a remote address of a remote interface on at least
one remote device to which the local interface connects; and

using the initial local address to identify the local interfaces assigned to the initial
local address in response to receiving a same remote address for each remote interface

connected to the local interfaces assigned the initial local address.

2. The method of claim 1, further comprising:

generating at least one identifier in response to receiving multiple remote addresses
from the remote interfaces connected to the local interfaces; and

assigning different identifiers to the local interfaces previously assigned the initial

local address in response to generating the at least one identifier.

3. The method of claim 2, wherein the initial local address comprises a port
address of a port to which the local interfaces are assigned as part of the initial

configuration.

4, The method of claim 3, wherein each generated identifier comprises an
additional port address, further comprising:

configuring an additional port in the device for each generated additional port
address; and

assigning local interfaces to the ports, including the additional port and port having

the initial local address.

5. The method of claim 4, wherein the local interfaces assigned to one port

connect to remote interfaces having a same remote address.

6. The method of claim 2, wherein the at least one received remote address is

received as part of an identification sequence, further comprising:
11
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transmitting the initial local address to the remote interfaces connected to the local

interfaces.

7. The method of claim 6, wherein the identifiers assigned to the local
interfaces, including the at least one generated identifier, comprise local addresses, further
comprising:

initiating an additional identification sequence in response to generating the at least
one local address; and

transmitting the local addresses identifying the local interfaces to the connected

remote interfaces in response to the additional identification sequence.

8. The method of claim 1, wherein the at least one remote device and a local
device including the local interfaces implement the SAS architecture, wherein the local
and remote addresses comprise SAS addresses, and wherein the local and remote

interfaces comprise PHYS.

9. The method of claim 1, wherein the remote interfaces having different

remote addresses are on different remote devices.

10.  The method of claim 2, wherein generating the at least one identifier
comprises generating a different identifier for each received different remote address,
wherein a combination of the identifiers and the initial local address are used to identify

the local interfaces assigned.

11.  The method of claim 10, wherein the plurality of identifiers comprise
domains and wherein the initial local address comprises a port address of a port to which
the local interfaces are assigned as part of the initial configuration, wherein the local

interfaces remain assigned to the port having the initial local address.

12.  The method of claim 10, wherein the remote interfaces having different
remote addresses are on different remote devices, wherein the combination of each of the

plurality of identifiers and the default local address identify the local interfaces within a

12
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local device and wherein the initial local address identifies the local interfaces within the

remote devices.

13.  The method of claim 10, wherein the plurality of identifiers comprise
domains, further comprising;:
5 for each received remote address, generating a different domain in a local device
including the local interfaces connected to the remote interfaces having the remote

addresses.

14.  The method of claim 13, wherein the generated domains include one

domain in the initial configuration.

10 15. A device in communication with a plurality of remote interfaces on at least
one remote device, comprising:
a plurality of local interfaces;
an initial configuration assigning multiple local interfaces to one initial local
address;
15 circuitry capable of causing operations, the operations comprising:
(i) for each local interface, receiving a remote address of one remote
interface to which the local interface connects; and
(i) using the initial local address to identify the local interfaces assigned to
the initial local address in response to receiving a same remote address for each

20 remote interface connected to the local interfaces assigned the initial local address.

16.  The device of claim 15, wherein the operations further comprise:

generating at least one identifier in response to receiving multiple remote addresses
from the remote interfaces connected to the local interfaces; and

assigning different identifiers to the local interfaces previously assigned the initial

25  local address in response to generating the at least one identifier.
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17. The device of claim 16, wherein the initial local address comprises a port
address of a port to which the local interfaces are assigned as part of the initial

configuration.

18.  The device of claim 17, wherein each generated identifier comprises an
additional port address, and wherein the operations further comprise:

configuring an additional port in the device for each generated additional port
address; and

assigning local interfaces to the ports, including the additional port and port having

the initial local address.

19.  The device of claim 18, wherein the local interfaces assigned to one port

connect to remote interfaces having a same remote address.

20. The device of claim 16, wherein the at least one received remote address is
received as part of an identification sequence, wherein the operations further comprise:
transmitting the initial local address to the remote interfaces connected to the local

interfaces.

21.  The device of claim 16, wherein the identifiers assigned to the local
interfaces, including the at least one generated identifier, comprise local addresses,
wherein the operations further comprise:

initiating an additional identification sequence in response to generating the at least
one local address; and

transmitting the local addresses identifying the local interfaces to the connected

remote interfaces in response to the additional identification sequence.

22. The device of claim 15, wherein the at least one remote device and the
device implement the SAS architecture, wherein the local and remote addresses comprise

SAS addresses, and wherein the local and remote interfaces comprise PHYs.

23. The device of claim 15, wherein the remote interfaces having different

remote addresses are on different remote devices.
14
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24.  The device of claim 16, wherein generating the at least one identifier
comprises generating a different identifier for each received different remote address,
wherein a combination of the identifiers and the initial local address are used to identify

the local interfaces assigned.

25.  The device of claim 24, wherein the plurality of identifiers comprise
domains and wherein the initial local address comprises a port address of a port to which
the local interfaces are assigned as part of the initial configuration, wherein the local

interfaces remain assigned to the port having the initial local address.

26.  The device of claim 24, wherein the remote interfaces having different
remote addresses are on different remote devices, wherein the combination of each of the
plurality of identifiers and the default local address identify the local interfaces within the
local device and wherein the initial local address identifies the local interfaces within the

remote devices.

27.  The device of claim 24, wherein the plurality of identifiers comprise
domains, wherein the code is executed to further perform:

for each received remote address, generating a different domain in the local device
including the local interfaces connected to the remote interfaces having the remote

addresses.

28.  The device of claim 27, wherein the generated domains includes one

domain in the initial configuration.

29. A system in communication with at least one remote device having a
plurality of remote interfaces, comprising:
a circuit board,
an adaptor coupled to the circuit board, comprising:
(i) a plurality of local interfaces;
(i1) an initial configuration assigning multiple local interfaces to one initial

local address;
15
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(iii) circuitry capable of causing oberations to be performed, the operations
comprising:
(a) for each local interface, receiving a remote address of one
remote interface to which the local interface connects; and
(b) using the initial local address to identify the local interfaces
assigned to the initial local address in response to receiving a same remote
address for each remote interface connected to the local interfaces assigned

the initial local address.

30.  The system of claim 29, wherein the operations further comprising:

generating at least one identifier in response to receiving multiple remote addresses
from the remote interfaces connected to the local interfaces; and

assigning different identifiers to the local interfaces previously assigned the initial

local address in response to generating the at least one identifier.

31.  The server of claim 30, wherein the initial local address comprises a port
address of a port to which the local interfaces are assigned as part of the initial

configuration.

32.  An article of manufacture for interfacing local interfaces in a local device
with connected remote interfaces in at least one remote device, wherein the article of
manufacture causes operations to be performed, the operations comprising:

maintaining an initial configuration assigning multiple local interfaces to one
initial local address;

for each local interface, receiving a remote address of one remote interface to
which the local interface connects; and

using the initial local address to identify the local interfaces assigned to the initial
local address in response to receiving a same remote address for each remote interface

connected to the local interfaces assigned the initial local address.

33.  The article of manufacture of claim 32, wherein the operations further

comprise:
16
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generating at least one identifier in response to receiving multiple remote addresses
from the remote interfaces connected to the local interfaces; and
assigning different identifiers to the local interfaces previously assigned the initial

local address in response to generating the at least one identifier.

34, The article of manufacture of claim 33, wherein the initial local address
comprises a port address of a port to which the local interfaces are assigned as part of the

initial configuration.

3s. The article of manufacture of claim 34, wherein each generated identifier
comprises an additional port address, wherein the operations further comprise:

configuring an additional port in the device for each generated additional port
address; and

assigning local interfaces to the ports, including the additional port and port having

the initial local address.

36. The article of manufacture of claim 35, wherein the local interfaces

assigned to one port connect to remote interfaces having a same remote address.

37. The article of manufacture of claim 33, wherein the at least one received
remote address is received as part of an identification sequence, wherein the operations
further comprise:

transmitting the initial local address to the remote interfaces connected to the local

interfaces.

38.  The article of manufacture of claim 37, wherein the identifiers assigned to
the local interfaces, including the at least one generated identifier, comprise local
addresses, wherein the operations further comprise:

initiating an additional identification sequence in response to generating the at least
one local address; and

transmitting the local addresses identifying the local interfaces to the connected

remote interfaces in response to the additional identification sequence.
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39, The article of manufacture of claim 32, wherein the at least one remote
device and a local device including the local interfaces implement the SAS architecture,
wherein the local and remote addresses comprise SAS addresses, and wherein the local

and remote interfaces comprise PHY's.

40, The article of manufacture of claim 32, wherein the remote interfaces

having different remote addresses are on different remote devices.

41, The article of manufacture of claim 33, wherein generating the at least one
identifier comprises generating a different identifier for each received different remote
address, wherein a combination of the identifiers and the initial local address are used to

identify the local interfaces assigned.

42.  The article of manufacture of claim 41, wherein the plurality of identifiers
comprise domains and wherein the initial local address comprises a port address of a port
to which the local interfaces are assigned as part of the initial configuration, wherein the

local interfaces remain assigned to the port having the initial local address.

43, The article of manufacture of claim 41, wherein the remote interfaces
having different remote addresses are on different remote devices, wherein the
combination of each of the plurality of identifiers and the default local address identify the
local interfaces within a local device and wherein the initial local address identifies the

local interfaces within the remote devices.

44,  The article of manufacture of claim 41, wherein the plurality of identifiers
comprise domains, wherein the operations further comprise:

for each received remote address, generating a different domain in a local device
including the local interfaces connected to the remote interfaces having the remote

addresses.

45.  The article of manufacture of claim 44, wherein the generated domains

include one domain in the initial configuration.
18
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46. The article of manufacture of claim 32, wherein the article of manufacture

stores instructions that when executed result in performance of the operations.

19
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