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PEER-TO-PEER NETWORK COMMUNICATIONS 
USING SATAFSAS TECHNOLOGY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of the filing date 
of U.S. provisional application No. 60/779,953, filed on 
Mar. 7, 2006, the teachings of which are incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to communication 
networks, and, in particular, to nodes of a computer network 
that communicate using SATA and/or SAS protocols. 
0004 2. Description of the Related Art 
0005 IEEE 1394 (also referred to by the tradename 
FireWire) is a communication protocol standard for high 
performance serial buses, that has gained popular use by 
providing mechanisms to interconnect home appliances, 
Such as audio devices, video devices, scanners, printers, and 
computers. The IEEE 1394 standard is available from Insti 
tute of Electrical and Electronics Engineers, Inc., 3 Park 
Avenue, 17" Floor, New York, N.Y. 10016. 
0006. The original IEEE 1394 standard has evolved over 
the last decade into versions 1394a and 1394b, where IEEE 
1394b requires that devices maintain backward compatibil 
ity to previous versions of the IEEE 1394 standard (e.g., 
IEEE 1394a). IEEE 1394 and 1394a devices operate at data 
rates of 100, 200, and 400 Mbps using data-strobe encoding, 
while IEEE 1394b devices operate at 400, 800, and 1600 
Mbps with the clock embedded in the data. For backward 
compatibility, IEEE 1394b devices are also required to 
operate at 100, 200, and 400 Mbps using data-strobe encod 
ing. Backward compatibility for IEEE 1394b devices 
requires relatively complex implementation, with increased 
number of gates and complex logic in the physical (PHY) 
layer portion of the standard. 
0007 FIG. 1 represents the data connections conforming 
to the IEEE 1394 standard forbidirectional communications 
between two device nodes (Nodes A and B) of a home 
network. As shown in FIG. 1, each node has an IEEE 
1394-compliant port 102 having two interfaces (i.e., Twisted 
Pair A (TPA) and Twisted Pair B (TPB)), each interface 
Supporting differential signaling over a different pair of 
wires (i.e., twisted-wire pair 104 and twisted-wire pair 106). 
In particular, data is transmitted via twisted pair 104 from 
the TPA interface of Node A to the TPB interface of Node 
B, while data is transmitted via twisted pair 106 from the 
TPA interface of Node B to the TPB interface of Node A, 
thereby providing two half-duplex connections for full, 
bidirectional communications between Nodes A and B. As 
indicated in FIG. 1, each node may have additional IEEE 
1394-compliant ports, each having a TPA interface and a 
TPB interface. 

0008 Many home networks currently employ peripheral 
devices, such as hard-disk drives and/or other mass-storage 
devices Such as magnetic/optical/flash memory, that use the 
Serial Advanced Technology Attachment (SATA) protocol 
and/or the Serial Attached SCSI (SAS) protocol as the 
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communication protocol between the network’s host pro 
cessor and the peripheral devices. The operating data rates 
for SATA/SAS devices are at 1.5 Gbps and 3 Gbps. The 
SATA and SAS protocols are limited to host-to-peer com 
munications. 

0009 Currently, some mass-storage products, such as 
hard-disk drives, employ a hybrid IEEE 1394 and parallel 
ATA protocol that requires a “bridge' chip to map IEEE 
1394 protocol-based communications to ATA protocol 
based data transfer and memory mapping at the hard-disk 
drives. 

SUMMARY OF THE INVENTION 

0010. In one embodiment, the present invention is a first 
device having a transceiver adapted to communicate data via 
a link with at least one other device in accordance with a 
protocol stack of an extended protocol. The protocol stack of 
the extended protocol comprises one or more lower-level 
stack layers, one or more higher-level stack layers, and a 
memory-map layer between the one or more lower-level 
stack layers and the one or more upper-level stack layers. 
The one or more lower-level stack layers and the one or 
more higher-level stack layers form at least a portion of a 
protocol stack of an unextended protocol for non peer-to 
peer communication, while the memory-map layer extends 
the unextended protocol to the extended protocol for peer 
to-peer communication. 
0011. In another embodiment, the present invention is a 
network comprising at least two devices, each having a 
transceiver. The transceivers are adapted to communicate 
via a link in accordance with a protocol stack of an extended 
protocol. The protocol stack of the extended protocol com 
prises one or more lower-level stack layers, one or more 
higher-level stack layers, and a memory-map layer between 
the one or more lower-level stack layers and the one or more 
upper-level stack layers. The one or more lower-level stack 
layers and the one or more higher-level stack layers form at 
least a portion of a protocol stack of an unextended protocol 
for non peer-to-peer communication, while the memory 
map layer extends the unextended protocol to the extended 
protocol for peer-to-peer communication. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. Other aspects, features, and advantages of the 
present invention will become more fully apparent from the 
following detailed description, the appended claims, and the 
accompanying drawings in which like reference numerals 
identify similar or identical elements. 
0013 FIG. 1 represents the data connections conforming 
to the IEEE 1394 standard forbidirectional communications 
between two device nodes of a home network; 
0014 FIG. 2 is a component-level block diagram of a 
conventional SATA-compliant host-to-slave configuration 
between a host computer and a slave hard-disk drive device: 
0015 FIG. 3 is a stack diagram showing the layers of the 
SATA protocol stacks for the host computer and the slave 
device of FIG. 2; 
0016 FIG. 4 is a component-level block diagram of an 
exemplary, “extended SATA' peer-to-peer configuration 
between a first peer device (in this example, a digital 
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camera) and a second peer device (in this example, a 
hard-disk drive), according to one embodiment of the 
present invention; and 
0017 FIG. 5 is a stack diagram showing the layers of the 
“extended SATA' protocol stacks for the two peer devices of 
FIG. 4. 

DETAILED DESCRIPTION 

0018 SATA and SAS are serial protocols derived from 
the parallel ATA (Advanced Technology Attachment) and 
SCSI (Small Computer System Interface) protocols, respec 
tively. 

0019. The SAS protocol defines a Physical layer, a PHY 
layer, a Link Layer, a Port layer, a Transport layer, and an 
Application Layer. The Physical Layer comprises two sets of 
differential lines: one receive set and one transmit set, for a 
total of four wires. The PHY Layer connects the differential 
transmitter and receiver circuits (ICs) to the Physical Layer, 
which defines the cable, connector, and transceiver (trans 
mitter/receiver) characteristics. The external connector 
accepts four physical links, while the cable may hold 
between 1 and 4 physical links. Internal connectors are also 
defined. Two data rates are defined: 1.5 Gbps and 3.0 Gbps 
over a 100-ohm (+/- 15 ohms) differential impedance cable. 
SAS uses the SATA physical interface, including the con 
nector receptacle and connector plugs. 
0020. The SATA protocol is the serial version of the ATA 
specification. SATA uses a four-conductor cable with two 
differential pairs (Tx/RX), plus an additional three ground 
pins and a separate power pin. Data runs at 150 MBps (1.5 
GHz) using 8B/10B encoding, with a maximum bus length 
of 1 meter. Later enhancements moved the data transfer 
speed to 30 NMIps (3.0 Gbps), then 600 MBps (6.0 Gbps). 
0021 SATA is a point-to-point interface, where each 
device is directly connected to the host via a dedicated link. 
The bit encoding used in SATA is Non Return to Zero (NRZ) 
encoding for data communication on a differential two-wire 
bus. The use of NRZ encoding ensures compact messages 
with a minimum number of transitions and high resilience to 
external disturbance. The termination resistor is 100-ohm 
(+/-5 ohms) differential. SATA uses only four signal pins, 
improving pin efficiency over the parallel ATA interface 
which uses 26 signal pins going between devices (e.g., over 
an 80-conductor ribbon cable onto a 40-pin header connec 
tor). SATA also provides the opportunity for devices to be 
“hot-plugged, where devices are inserted or removed while 
the system is powered on. SATA uses a 32-bit CRC (calcu 
lated over the contents of a Frame Information Structure 
(FIS)). 
0022 FIG. 2 is a component-level block diagram of a 
conventional SATA-compliant host-to-slave configuration 
between a host computer 210 and a slave hard-disk drive 
device 230. As shown in FIG. 2, host computer 210 includes 
a central processing unit (CPU) 211 having an associated 
main memory and running a suitable operating system (OS), 
while slave device 230 includes a hard disk and its associ 
ated driver (231). In addition, host computer 210 includes 
SATA-AHCI (Advanced Host Controller Interface) host 
controller 213, SATA link processor 217, and SATA PMD 
(physical medium device) interface 219, while slave device 
230 also includes ATA command/transport controller 233, 
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SATA link processor 237, and SATA PMD interface 239, all 
of which are provided to support SATA-compliant commu 
nications between host computer 210 and slave device 230 
via serial link 250 to enable CPU 211 to write data to and 
read data from hard disk 231. Note that the SATA link 
processors in the host and slave devices can be implemented 
using identical hardware and/or software, and that the SATA 
PMD interfaces in the host and slave devices can also be 
implemented using identical hardware and/or Software. At 
the protocol layer, however, the implementation of ATA 
command/transport controller 233 in the slave device can be 
much less complicated than the implementation of SATA 
AHCI host controller 213 in the host computer. For example, 
the SATA-AHCI host controller may contain multiple DMA 
(direct memory access) controllers and relatively large FIFO 
(first-in, first-out) buffers that are not included in the ATA 
command/transport controller. 

0023 FIG. 3 is a stack diagram showing the layers of the 
SATA protocol stacks for host computer 210 and slave 
device 230 of FIG. 2. As shown in FIG.3, the SATA protocol 
stack for host computer 210 includes application layer 221 
(running under the operating system of CPU 211 of FIG. 2), 
ATA command/transport layer 223 (handled by SATA-AHCI 
host controller 213 of FIG. 2), link layer 227 (handled by 
link processor 217 of FIG. 2), and PMD layer 229 (handled 
by PMD interface 219 of FIG. 2). Similarly, the SATA 
protocol stack for slave device 230 includes driver layer 241 
(handled by driver 231 of FIG. 2), ATA command/transport 
layer 243 (handled by ATA command/transport controller 
233 of FIG. 2), link layer 247 (handled by link processor 237 
of FIG. 2), and PMD layer 249 (handled by PMD interface 
239 of FIG. 2). As represented in FIG. 3, the SATA PMD 
layer includes both the SATA Physical layer and the SATA 
PHY layer. Similarly, the SATA link layer represented in 
FIG. 3 includes both the SATA link layer and the SATA port 
layer. 

0024. The conventional SATA protocol is limited to host 
to-slave communications, such as those between a networks 
host processor and one or more peripheral slave devices, 
Such as a mass-storage device. In accordance with exem 
plary embodiments of the present invention, the conven 
tional SATA protocol is modified to support peer-to-peer 
communications between two (or more) devices, where 
none of the devices is required to function as a host for 
another (i.e., slave) device, at least as far as those peer-to 
peer communications are concerned. 
0025. As used in this specification, a host is defined to be 
a programmable device having an operating system that 
Supports device programmability beyond a fixed set of 
pre-defined functions for that device. Examples of hosts 
include general-purpose microprocessors and field-pro 
grammable gate arrays (FPGAs) having embedded (hard or 
Soft) microprocessors. In a conventional host-to-slave con 
figuration, the host device has additional logic designed to 
Support the communications with the slave device. Such that 
the slave device is able to be implemented without such 
additional logic. Although not required, in a conventional 
peer-to-peer configuration, each peer device typically has 
Substantially the same amount of logic designed to Support 
the peer-to-peer communications. 
0026. By extending the SATA protocol to support peer 
to-peer communications, the present invention enables com 
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munications between consumer electronics, such as cam 
corders, digital cameras, and digital video recorders, and 
mass-storage devices, such as hard-disk drives, without 
using a host device and without relying on conventional 
protocol-bridging techniques. 

0027 FIG. 4 is a component-level block diagram of an 
exemplary, “extended SATA' peer-to-peer configuration 
between a first peer device 410 (in this example, a digital 
camera) and a second peer device 430 (in this example, a 
hard-disk drive), according to one embodiment of the 
present invention, while FIG. 5 is a stack diagram showing 
the layers of the “extended SATA' protocol stacks for the 
two peer devices of FIG. 4. This embodiment of the present 
invention supports “extended SATA communications 
between peer devices 410 and 430 via serial link 450 to 
enable digital camera 411 to write data to hard disk 431, 
without using a host device and without relying on conven 
tional protocol-bridging techniques. 

0028. In FIG.4, the components (i.e., 411,413, 417,419, 
431, 433, 437, and 439) of peer devices 410 and 430 are 
analogous to those of slave device 230 of FIG. 2, with the 
addition of memory mappers 415 and 435, respectively, 
between the associated SATA link processor and ATA com 
mand/transport controller. Similarly, in FIG. 5, the stack 
layers (i.e., 421, 423, 427, 429, 441, 443, 447, and 449) of 
peer devices 410 and 430 are analogous to those of slave 
device 230 of FIG. 3, with the addition of memory map 
layers 425 and 445, respectively, between the associated 
SATA link layer and ATA command/transport layer. The 
addition of these memory mappers extends the conventional 
SATA protocol beyond only host-to-slave communications 
to Support peer-to-peer communications, as in FIGS. 4 and 
5. 

0029. Because the two devices in FIGS. 4 and 5 are peers, 
in addition to being able to implement their SATA link 
processors using identical (and conventional SATA) hard 
ware/software and their SATA PMD interfaces using iden 
tical (and conventional SATA) hardware/software, the ATA 
command/transport controllers of the two devices can also 
be implemented using identical (and conventional SATA) 
hardware and/or software. In addition, the memory mappers 
for the two peer devices can be implemented using identical 
hardware and/or software. 

0030 The following paragraphs discuss some of the 
aspects that may be involved in extending the SATA protocol 
according to different implementations of the present inven 
tion. 

0031 Command set extensions are added to the SATA 
protocol, which extensions may be specific to the device 
type. For a device type, the extension identifies the device 
unique commands associated with the device. These device 
specific command sets are well-defined in International 
Electrotechnical Commission (EEC) 61833-X where x is an 
integer that identifies the device type. For instance, 61833-1 
defines the generic command sets that may be applicable to 
all devices, 61833-4 defines the command sets for MPEG 
devices (through the Motion Picture Expert Group). 

0032 More device types might be added for isochronous 
transfers, such as for digital cameras, home entertainment 
A/V receivers, (multi-channel) speakers, home intercommu 
nication systems, and home security systems. These device 
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type command set extensions might be added at the transport 
and link layers. These command set extensions do not 
require changes to the current transaction layer of the SATA 
(or SAS) protocol. Since these extensions are presently 
defined for the EEEE 1394 standard, these extensions might 
be derived from those already defined in IEEE 1394. 
0033 Since SATA is traditionally employed in host-based 
point-to-point communications, capability for Support of 
peer-to-peer networking of nodes is introduced, where a 
node can be a root, a branch, or a leaf (parent-child). As 
indicated by representing link 450 in FIG. 4 as a bus, the 
entire network of devices can be abus, where the devices are 
connected in a parent and child configuration (leaf devices 
do not have any child). A node can be either a network hub 
or a network Switch/expander. 
0034) To support peer-to-peer networking, the SATA pro 
tocol stack at each peer device is modified by inserting a 
memory map layer between the link and protocol layers, to 
enable SATA devices to recognize multiple devices on a 
node. Use of multiple ports and multiple devices connected 
through a bus implies the addition of (i) source and desti 
nation addresses for devices and (ii) input/output port 
addressing. Consequently, user and node registers, memory 
space allocation, mapped data transfer, and a direct memory 
access (DMA) engine are also implemented at the memory 
map layer. In some embodiments of the present invention, 
specifications for these modifications might be ported from 
the EEEE 1394 standard, though this functionality might be 
incorporated from another standard or independently devel 
oped. In addition, a port and/or bus arbitration capability 
may need to be added to the SATA Physical layer. In general, 
to support port and/or bus arbitration, the overall protocol 
stack Supports bus management through complete arbitra 
tion, bus fairness, and transmission sequencing. 
0035) Since some devices connected to a network may 
require that data must be delivered within certain time 
constraints, SATA provides for isochronous transport by 
throughput guarantees. For example, multi-media streams of 
Video or audio devices might require an isochronous trans 
port mechanism to ensure that data is delivered as fast as it 
is displayed and to ensure that the audio is synchronized 
with the video. In addition, full duplex as supported by 
SATA can be utilized for efficient arbitration and data 
transaction. Most importantly, using an “extended SATA 
protocol with native (SATA) hard drives in ANV C and 
storage devices eliminates the need for conventional proto 
col-bridging techniques between the network and the storage 
devices, as is currently necessary with IEEE 1394. 
0036. At the physical-layer level, proposed modifications 
to SATA for a wired network provide a differential trans 
mitter and receiver for each port, similar to that illustrated in 
FIG. 1, to provide full duplex connection between each pair 
of nodes. The bus arbitration and data transmission occurs in 
the network between two ports of two connected nodes 
through the connection to the parents and children. 
0037. In addition to an extended SATA protocol 
employed for wired communication as described above, 
SATA might also be extended for use with wireless local 
area network physical and lower-layer data link protocols. 
Thus, connectivity between the A/V C devices might be in 
accordance with an 802.11a/b/g/e/n WiFi communication 
standard. In such case, the SATA physical layer and PHY 
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layer specifications might be replaced with corresponding 
802.11a/b/g/e/n physical layer and PHY layer specifications. 

0038. The present invention allows using the current 
architecture and infrastructure of SATA technology in A/VC 
devices. It allows SATA to be used in non-host-based 
environments, where each node communicates with other 
nodes via its parent, thus providing peer-to-peer communi 
cation. This creates a SATA bus/peer-to-peer network. It 
provides a single type of physical connector for these 
devices. It allows communicating at 1.5 Gbps and 3 Gbps 
without having the burden of backward compatibility, thus 
reducing the number of gates and the complexity in logic 
and circuitry, hence providing increased cost effectiveness. 
It provides an extension to SATA technology providing 
native Support to storage devices (SATA), while eliminating 
the cost of bridges. 
0039. Although the present invention has been described 
in the context of SATA technology, the present invention can 
also be implemented in other contexts, such as in the context 
of SAS technology to provide an “extended SAS' protocol. 
0040. While the exemplary embodiments of the present 
invention have been described with respect to processes of 
circuits, including possible implementation as a single inte 
grated circuit, a multi-chip module, a single card, or a 
multi-card circuit pack, the present invention is not so 
limited. As would be apparent to one skilled in the art, 
various functions of circuit elements may also be imple 
mented as processing blocks in a software program. Such 
Software may be employed in, for example, a digital signal 
processor, micro-controller, or general-purpose computer. 

0041. It will be further understood that various changes in 
the details, materials, and arrangements of the parts which 
have been described and illustrated in order to explain the 
nature of this invention may be made by those skilled in the 
art without departing from the scope of the invention as 
expressed in the following claims. 

0042. The use of figure numbers and/or figure reference 
labels in the claims is intended to identify one or more 
possible embodiments of the claimed subject matter in order 
to facilitate the interpretation of the claims. Such use is not 
to be construed as necessarily limiting the scope of those 
claims to the embodiments shown in the corresponding 
figures. 

0043. It should be understood that the steps of the exem 
plary methods set forth herein are not necessarily required to 
be performed in the order described, and the order of the 
steps of such methods should be understood to be merely 
exemplary. Likewise, additional steps may be included in 
Such methods, and certain steps may be omitted or com 
bined, in methods consistent with various embodiments of 
the present invention. 
0044 Although the elements in the following method 
claims, if any, are recited in a particular sequence with 
corresponding labeling, unless the claim recitations other 
wise imply a particular sequence for implementing some or 
all of those elements, those elements are not necessarily 
intended to be limited to being implemented in that particu 
lar sequence. 

0045 Reference herein to “one embodiment” or “an 
embodiment’ means that a particular feature, structure, or 
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characteristic described in connection with the embodiment 
can be included in at least one embodiment of the invention. 
The appearances of the phrase “in one embodiment” in 
various places in the specification are not necessarily all 
referring to the same embodiment, nor are separate or 
alternative embodiments necessarily mutually exclusive of 
other embodiments. The same applies to the term “imple 
mentation.” 

We claim: 
1. A first device having a transceiver adapted to commu 

nicate data via a link with at least one other device in 
accordance with a protocol stack of an extended protocol, 
the protocol stack of the extended protocol comprising: 

one or more lower-level stack layers; 
one or more higher-level stack layers, wherein the one or 
more lower-level stack layers and the one or more 
higher-level Stack layers form at least a portion of a 
protocol stack of an unextended protocol for non peer 
to-peer communication; and 

a memory-map layer between the one or more lower-level 
stack layers and the one or more upper-level stack 
layers, wherein the memory-map layer extends the 
unextended protocol to the extended protocol for peer 
to-peer communication. 

2. The invention of claim 1, wherein: 
the one or more lower-level stack layers comprise a 

physical medium device (PMD) layer and a link layer; 
and 

the one or more higher-level stack layers comprise a 
command/transport layer and an application layer. 

3. The invention of claim 1, wherein the unextended 
protocol Supports only host-to-slave communication. 

4. The invention of claim 1, wherein the unextended 
protocol is SATA. 

5. The invention of claim 1, wherein the unextended 
protocol is SAS. 

6. The invention of claim 1, wherein neither the first 
device nor the other device is a host device. 

7. The invention of claim 1, wherein neither the first 
device nor the other device is a programmable device having 
an operating system that Supports programmability beyond 
a fixed set of pre-defined functions for said device. 

8. The invention of claim 1, wherein implementation of at 
least one component of the first device adapted to handle 
signal processing at one of the one or more higher-level 
stack layers is identical to implementation of a correspond 
ing component of the other device. 

9. The invention of claim 1, wherein the first and other 
devices are adapted to support the peer-to-peer communi 
cation without using a protocol-bridging technique. 

10. The invention of claim 1, wherein the link is a serial 
link. 

11. The invention of claim 1, wherein the link is a wired 
link. 

12. The invention of claim 1, wherein the link is a wireless 
link. 

13. The invention of claim 1, wherein: 

the link functions as a bus; and 
the first device is adapted to Support peer-to-peer com 

munication via the link with two or more other devices. 
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14. The invention of claim 13, wherein the unextended 
protocol Supports only point-to-point communication 
between no more than two devices. 

15. The invention of claim 1, wherein: 
the one or more lower-level stack layers comprise a PMD 

layer and a link layer, 
the one or more higher-level stack layers comprise a 

command/transport layer and an application layer, 
the unextended protocol Supports only host-to-slave com 

munication; 
the unextended protocol is SATA or SAS: 
neither the first device nor the other device is a host 

device; 
neither the first device nor the other device is a program 

mable device having an operating system that Supports 
programmability beyond a fixed set of pre-defined 
functions for said device; 

implementation of at least one component of the first 
device adapted to handle signal processing at one of the 
one or more higher-level stack layers is identical to 
implementation of a corresponding component of the 
other device; 

the first and other devices are adapted to support the 
peer-to-peer communication without using a protocol 
bridging technique; 

the link is a serial link that functions as a bus; 
the first device is adapted to Support peer-to-peer com 

munication via the link with two or more other devices; 
and 

the unextended protocol Supports only point-to-point 
communication between no more than two devices. 

16. A network comprising at least two devices, each 
having a transceiver, wherein: 

the transceivers are adapted to communicate via a link in 
accordance with a protocol stack of an extended pro 
tocol; and 

the protocol stack of the extended protocol comprises: 
one or more lower-level stack layers; 
one or more higher-level Stack layers, wherein the one 

or more lower-level stack layers and the one or more 
higher-level stack layers form at least a portion of a 
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protocol stack of an unextended protocol for non 
peer-to-peer communication; and 

a memory-map layer between the one or more lower 
level stack layers and the one or more upper-level 
stack layers, wherein the memory-map layer extends 
the unextended protocol to the extended protocol for 
peer-to-peer communication. 

17. The invention of claim 16, wherein the unextended 
protocol Supports only host-to-slave communication. 

18. The invention of claim 16, wherein neither the first 
device nor the other device is a host device. 

19. The invention of claim 16, wherein the first and other 
devices are adapted to support the peer-to-peer communi 
cation without using a protocol-bridging technique. 

20. The invention of claim 16, wherein: 
the one or more lower-level stack layers comprise a PMD 

layer and a link layer, 
the one or more higher-level stack layers comprise a 

command/transport layer and an application layer, 
the unextended protocol Supports only host-to-slave com 

munication; 
the unextended protocol is SATA or SAS: 
neither the first device nor the other device is a host 

device; 
neither the first device nor the other device is a program 

mable device having an operating system that Supports 
programmability beyond a fixed set of pre-defined 
functions for said device; 

implementation of at least one component of the first 
device adapted to handle signal processing at one of the 
one or more higher-level stack layers is identical to 
implementation of a corresponding component of the 
other device; 

the first and other devices are adapted to support the 
peer-to-peer communication without using a protocol 
bridging technique; 

the link is a serial link that functions as a bus; 
the first device is adapted to Support peer-to-peer com 

munication via the link with two or more other devices; 
and 

the unextended protocol supports only point-to-point 
communication between no more than two devices. 
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