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(57) ABSTRACT 

In an example embodiment, a method of delivering a com 
mand from an initiator device also transfers data identi?ed 
by the command to a target device. The data is transferred 
betWeen the initiator device and the target device according 
to a selected maximum payload siZe. The method includes 
determining Whether or not the siZe of the data associated 
With the command is greater than the selected maximum 
payload siZe. If the siZe of the data associated With the 
command is not greater than the selected maximum payload 
siZe, then a block is transferred to or from the target device 
Which includes the command and all of the data associated 
With the command. If the siZe of the data associated With the 
command is greater than the selected maximum payload 
siZe, then a block is transferred to or from the target device 
Which includes the command, an amount of data associated 
With the command equal to the selected maximum payload 
siZe and an indication that not all of the data associated With 

(51) Int. Cl.7 ..................................................... .. H04L 1/00 the command Was included in the transferred block. 
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EFFICIENT COMMAND DELIVERY AND DATA 
TRANSFER 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to methods and 
apparatus for transferring commands and associated data 
blocks. In particular, the present invention relates to methods 
and apparatus for efficiently transferring commands and 
their associated data betWeen various devices in a netWork 
or in a server architecture. 

[0003] 2. Description of the Related Art 

[0004] The latency incurred When transferring data can 
greatly diminish the performance of netWorks and server 
architectures since the transferring and the transferee input/ 
output (I/O) devices are usually unable to engage in other 
operations until the data transfer is complete. This latency is 
longer and even more complicated in netWorks and server 
architectures than in other computer systems because there 
is so much competition for netWork and server resources 
including system memory, processor(s) and multiple I/O 
devices. This can be quite disadvantageous in netWorks and 
server architectures Where a large number of data blocks are 
frequently transferred betWeen the processor, memory and 
several different I/O devices and/or the data blocks are of 
Widely different siZes. Indeed, the lack of ef?ciency in 
transferring data blocks may have a larger effect on overall 
performance than the speed or other performance charac 
teristics of the elements in the netWork or server architec 
ture. It also may be that the buses and/or I/O adaptor cards 
connecting I/O devices to the processor are the bottleneck 
and the performance of these I/O subsystem components 
needs to be improved. 

[0005] Conventional servers typically have multiple adap 
tor cards, each of Which usually supports multiple I/O 
devices. A server may have a signi?cant number of I/O 
devices con?gured in a load/store con?guration such as 
shoWn in FIG. 1. Even though the processor may perform 
optimally, the performance of the server is still less than 
optimum because the I/O devices in the server may be of 
radically different types, store different kinds of data and/or 
vary from each other in the addressing sequence by Which 
the data blocks containing the data are Written and read out. 
For eXample, a pre-recorded CD-ROM may store large 
contiguous blocks of image data and the read out of such 
image data by an optical disk drive may consist of several 
smaller sequential reads. Another I/O device may store 
heavily fragmented user data and the data readout from such 
a device rarely consists of large blocks of data. 

[0006] More particularly, in the eXample of FIG. 1, there 
is shoWn a processor P, system memory SM, I/O adaptor 
card A, hard disk HD, I/O adaptor card B, a netWork 
interface card NIC, I/O adaptor card C and a CD-ROM drive 
CD, all connected along an input/output bus, for eXample, a 
Peripheral Component Interconnect (PCI) synchronous bus 
as described in the latest version of “PCI Local Bus Speci 
?cation, Revision 2.1” set forth by the PCI Special Interest 
Group (SIG) on Jun. 1, 1995. The PCI architecture provides 
the most common method currently used to eXtend computer 
systems for add-on arrangements (e.g., eXpansion cards) 
With neW disk memory storage capabilities. 
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[0007] In this load/store con?guration, taking a Write 
command, for example, suppose the processor P Wishes to 
Write a block of data Within the hard disk HD. First, as 
shoWn in FIG. 2, the processor P stores the command and 
its associated data to be Written Within a block AWithin the 
system memory SM. The processor P transfers a command 
to the register on the PCI I/O adapter card Avia a path over 
the system bus, PCI bus bridge, and PCI bus. This tells the 
I/O adapter card A that a neW command has been issued. I/O 
adapter card A must decipher that command and then read 
system memory SM to obtain the address of the Write 
command. It must also read a pointer, Which is the value 
representing an address Within the system memory SM 
Where the data associated With the command can be found. 
(The pointer may be virtual or physical and the location of 
the data is not necessarily contiguous With the location of the 
command. Indeed, the data may be split, requiring a Scatter/ 
Gather List (SGL) to describe the locations of the data.) The 
U0 adapter card A then goes to the address of system 
memory SM pointed to by the pointer. The block of data A 
is read from the system memory back to the I/O adapter card, 
Which Will require several more fetches. The data is then 
subsequently Written from the I/O adaptor card Ato the hard 
disk HD. Even if the processor sets aside knoWn areas for the 
commands in system memory SM so that the I/O adaptor 
card A alWays knoWs the address of the command, the I/O 
adaptor card Would still need to read the Write command to 
knoW Where the data is located and to perform the fetches to 
obtain the data. 

[0008] A similar procedure occurs When the processor P 
reads a block of data from the hard disk HD, i.e., the adapter 
card AWould store the block of data Within a block B Within 
the system memory SM, then pass an indication to the 
processor P that the read process from the hard disk HD has 
been ?nished, Whereupon the processor P can access the 
block B Within the system memory SM to obtain the data. 
Such a conventional procedure (illustrated generally in FIG. 
3) of sending a command With pointer (step 1), Waiting for 
and receiving a request for data (step 2) and subsequently 
sending the data in response to the request (step 3) has 
substantial inherent latencies and delays. The procedure is 
very inef?cient and sloWs doWn the entire system since 
many processor cycles Will pass before the data transfer is 
completed. 

SUMMARY 

[0009] The present invention is directed to the delivery of 
commands and transfer of data associated With the com 
mands. Amethod of delivering a command from an initiator 
device also transfers data identi?ed by the command to a 
target device. The data is transferred betWeen the initiator 
device and the target device according to a selected maXi 
mum payload siZe. The method includes determining 
Whether or not the siZe of the data associated With the 
command is greater than the selected maXimum payload 
siZe. If the siZe of the data associated With the command is 
not greater than the selected maXimum payload siZe, then a 
block is transferred to or from the target device Which 
includes the command and all of the data associated With the 
command. If the siZe of the data associated With the com 
mand is greater than the selected maXimum payload siZe, 
then a block is transferred to or from the target device Which 
includes the command, an amount of data associated With 
the command equal to the selected maXimum payload siZe 
and an indication that not all of the data associated With the 
command Was included in the transferred block. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and a better understanding of the 
present invention Will become apparent from the following 
detailed description of example embodiments and the claims 
When read in connection With the accompanying draWings, 
all forming a part of the disclosure of the invention. While 
the foregoing and folloWing Written and illustrated disclo 
sure focuses on disclosing example embodiments of the 
invention, it should be clearly understood that the same is by 
Way of illustration and example only and is not to be taken 
by Way of limitation. 

[0011] FIG. 1 is a generaliZed block diagram providing a 
basic illustration of a server architecture having a conven 

tional load/store con?guration. 

[0012] FIG. 2 is a someWhat more detailed diagram of a 
server architecture shoWing the conventional transfer of data 
blocks A and B from a CPU to a hard disk. 

[0013] FIG. 3 is a chart illustrating the steps of a conven 
tional Write operation in Which an I/O data block is trans 
ferred from an initiator to a target device on a netWork. 

[0014] FIG. 4 is a diagram illustrating a sWitched fabric 
con?guration in Which the command delivery and data 
transfer method according to an example embodiment of this 
invention may be advantageously performed. 

[0015] FIG. 5 is a chart general illustrating a convention 
ally implemented solution intended to address the delays in 
data transfers. 

[0016] FIG. 6 shoWs another conventional solution 
intended to address delays in data transfers. 

[0017] FIG. 7 generally illustrates the procedure of an 
example method embodiment to efficiently deliver com 
mands and transfer data. 

[0018] FIGS. 8 and 9 shoW examples of the distribution 
of data transfer siZes and the selection of maximum payload 
siZes according to one possible embodiment of the inven 
tion. 

[0019] FIGS. 10 and 11 are graphical illustrations of 
command delivery and data transfer depending upon 
Whether the siZe of the data transfer is greater than the 
selected maximum payload siZe in an example embodiment 
of the invention. 

[0020] FIGS. 12-14 illustrate different possible channel 
implementations Which can alternatively be used With the 
example embodiment of the invention. 

DETAILED DESCRIPTION 

[0021] An example embodiment of the present invention 
seeks to decrease the inef?ciencies of the transfer of data to 
input/output devices in a server architecture, such as What 
occurs When an I/O data block is transferred to or from a 
mass storage device such as a hard disk. In particular, PCI 
compliant I/O adapters cannot accomplish data transfers 
Without the multiple steps discussed above. Computer sys 
tems generally have a processor, associated system memory, 
an input/output (I/O) device, and at least one bus, such as a 
PCI bus, connecting these components. Aserver is a type of 
computer system having an architecture or otherWise 
designed to be able to support multiple I/O devices and to 
transfer data With other computer systems at high speed. 
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(Due to recent advances in the performance and ?exibility of 
computer systems, many modern computers are servers 
under this de?nition.) Although many servers currently 
utiliZe PCI buses, the example embodiment of the invention 
set forths a data transfer Where the transferee device has 
remote direct memory access (RDMA) to virtual addresses, 
thus enabling protected, target-managed data transfer. 

[0022] The example embodiment attempts to reduce the 
latency When an element of the host server, such as one of 
the processors, attempts to Write a data block to the hard disk 
drive either for the execution of instructions or to store the 
data block in system memory and to optimiZe the coordi 
nation of the transfer of I/O data blocks. For a disk drive, the 
data block is the unit of addressing and data transfer. If the 
value of one byte is to be updated on a disk, then the data 
transfer Would include a block of data (512 bytes, for 
example) that contains the byte of interest. The byte value in 
the copy of the block held in memory Would be updated, and 
then that block Would be transferred from memory to the 
drive, overWriting the old block stored on the disk. HoWever, 
the method according to the example embodiment is not 
limited in its application to disk drives or storage devices. In 
particular, the method according to the example embodiment 
may be useful for transferring data among computers and 
other devices on a netWork since data latency is critical in 
such environments. The data may be transferred in blocks of 
different siZes depending upon, for example, the target 
device, the transfer protocol (such as, for example, ethernet 
packets), etc. 

[0023] One example application of the invention is in a 
processor or chipset incorporated in the input/output control 
circuit of a server device to operate in conjunction With a 
processor, such as the Intel Pentium II XeonTM or Pentium 
III XeonTM processor. HoWever, such an embodiment is but 
one possible example of the invention Which may, of course, 
be applied in any computer having a processor and an 
input/output device and indeed in any server architecture 
Where an improvement in Writing and reading data blocks to 
or from an I/O device is desired for Whatever reason. 

[0024] One possible application of the invention is in a 
server architecture With the sWitched fabric con?guration 
shoWn in FIG. 4. More particularly, the con?guration is 
preferably of a Next Generation I/O (NGIO) architecture 
alloWing remote direct memory access and the server 
employs message passing in compliance With the NGIO 
standard, Version 1.0, published Jul. 22, 1999. (This appli 
cation of the method and apparatus of the invention is 
exemplary only. The method and apparatus of the invention 
are also applicable to non-sWitched point-to-point connec 
tion links in other con?gurations or netWorks.) Such a server 
architecture might include, as shoWn in FIG. 4, a host 
having at least a processor P such as an Intel Pentium II 
XeonTM or Pentium III XEONTM processor, system memory 
SM, and an input/output I/O unit containing a channel 
adaptor CA. These devices of the host may be all connected 
along a single bus as shoWn, or by multiple buses, or may be 
connected by point-to-point connections. The external data 
transfers are optimiZed through the I/ O unit at all times. This 
helps avoid the processor or other elements from having to 
expend system resources to accomplish transfer of I/O data 
blocks since there may be access con?icts With other func 
tions. Of course, a server can operate as a host When 
initiating a data transfer or it can operate as a target device 
When receiving a data transfer initiated by another device. 
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[0025] The channel adapter CA of the I/O unit, in turn, is 
connected to a switching fabric SF, Which may contain many 
different sWitches SW and redundant paths throughout the 
fabric, such that a plurality of messages can be traveling 
through the sWitching fabric at any given time. Accordingly, 
When the processor P issues a Write command, for example, 
the processor P noW simply passes the same to the channel 
adaptor CAWhich injects it into the sWitched fabric SF, such 
that the processor P does not have to Wait for processing of 
the and locking of the system bus, but instead go on to 
perform other processing operation until the processing is 
completed. 
[0026] According to the present invention, the channel is 
any means of transferring data, including but not limited to 
virtual channels, used to transfer data betWeen tWo end 
points. While the example embodiment is an NGIO imple 
mentation and thus supports the channel de?nition provided 
in the speci?cation identi?ed above, the present invention is 
not so limited. In accordance With the implantation in the 
NGIO speci?cation, once injected into the sWitched fabric 
SF, the Write command travels through the sWitches and 
eventually arrives at a second channel adapter CA Where it 
can be given to an I/O adaptor card A Where it is subse 
quently Written to the hard disk HD or to a netWork interface 
Where it is subsequently transferred to another computer 
device on a connected netWork (not shoWn). Accordingly, 
the inherent delays in deciphering the command and Writing 
of the data as required by the I/O adaptor card A are not 
experienced by the processor P Which is on the other side of 
the sWitching fabric, and can continue processing. As shoWn 
in FIG. 4, the message passing con?guration can contain a 
plurality of channel adapters CA and host servers connected 
to the sWitching fabric SF, such that there can be a multitude 
of different messages traveling through the fabric and Where 
all of the hosts can continue operating While their messages 
are traveling through the sWitching fabric. 

[0027] Turning noW to FIGS. 5-7, illustrating and describ 
ing a plurality of examples for understanding the invention. 
One possible solution is shoWn in FIG. 5. More particularly, 
the data is limited to some predetermined siZe, e.g., a 2 
kilobyte siZe. By limiting the data block siZe, the constraints 
on the target buffer are released since it is knoWn Which 
maximum, reasonable siZe of data is alWays going to be 
obtained, and thus it is easy to provide a smaller reasonably 
siZed buffer in the target device. The problem With such an 
arrangement is that there is a limitation in block transmis 
sion siZe, thus requiring large blocks of data to be sliced into 
smaller blocks, With a header identi?er attached to each of 
the smaller blocks. Such smaller blocks are repeatedly sent 
until all of the data has been transferred. This solution 
increases the number of data transfers, the amount of data 
being transmitted across the netWork, is ?xed to the siZe of 
the buffer, and also represents signi?cant record-keeping 
problems. 

[0028] FIG. 6 illustrates the solution of hoW, in order to 
avoid the ping pong back and forth shoWn in FIG. 3, it 
Would be nice to be able to transfer the command and all of 
the data at once. Such is possible With small data blocks. 
HoWever, a problem is encountered Where the data block is 
excessively large. More particularly, if the data block, for 
example, is 1 or 2 megabytes, a problem exists in that a 1 or 
2 megabyte buffer memory siZe Would then have to be 
provided Within the target device. Such an excessive 
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memory requirement is not cost effective. Accordingly, 
transfer of the command and all of the data at once may not 
be feasible in many instances. 

[0029] Accordingly, FIG. 7 shoWs a large data block 
Which is divided into smaller siZe data blocks and a left-over 
data block. Also shoWn is a series of operations With the 
present invention. More speci?cally, ?rst as indicated by (1), 
a command plus a certain amount of data is transmitted 
across the sWitched fabric to the target. Accordingly, at least 
a portion of the data is immediately transferred With the 
command. If the data is smaller than the certain amount, the 
entire data block can be transferred With the command, thus 
resulting in an immediate advantage. HoWever, if the data 
block is bigger than the certain amount Which can be 
transmitted With the command, the target immediately rec 
ogniZes that additional data Will be required (e.g., by refer 
encing a ?ag in the header), Whereupon the target can 
immediately issue a request (or multiple requests Which 
transfer the data in multiple pieces in the case of a very large 
transfer) for the left-over data as indicated by (2) in FIG. 7. 
The ?ag can be included Within the header of the command, 
and can be any type of ?ag, e.g., simply a single bit 
indicating that there is left-over data or can be more complex 
such as an address of the left-over data. In any case, the 
request for left-over data is immediately issued from the 
target device Without Waiting to process the other parts of the 
command or the data in the small data block. After the 
request is forWarded to the initiator, the target device can 
start to process the command together With the small data 
block The left-over data is transmitted across the 
sWitched fabric (4), again Without Waiting for the processing 
of the command and the small data block in step 3. HoWever, 
at this point, an adequate buffer is provided in the target 
device in expectation of the left-over data, preferably before 
the command and small data block are processed. Regard 
less of Whether the target has ?nished processing the com 
mand and small block of data in step 3, the left-over data is 
immediately grabbed. If the command and small data block 
are still being processed, the left-over data is stored in the 
buffer and processed immediately after the command and 
small data block. If the command and small data block have 
already been processed, the left-over data is immediately 
processed Accordingly, a substantial portion of the 
previous inherent delays are avoided, thus achieving the 
advantages of the present invention. 

[0030] Of course, the parameter of primary importance is 
the selection of the amount of data, called the maximum 
payload siZe, that can be transferred in one of the transfer 
blocks. If the allocation of memory in a computer device 
Was inconsequential in terms of cost, poWer consumption, 
etc., then of course an extremely large of memory could be 
provided. Since that is not the case, one important point of 
the present invention is that an advantageous memory siZe/ 
latency tradeoff is made by proper selection of the maximum 
payload siZe for a target device and data transfer. In the tWo 
transfer siZe graphs shoWn in FIGS. 8 and 9, the left hump 
or peak in the graphs display situations in Which the data 
block to be transfered is relatively small in siZe and the 
commands are sent With a relatively small amount of data, 
Whereas the right-hand peak represents situations Where the 
data block to be transfered is relatively large in siZe and the 
command is sent With a large amount of data. Such a data 
transfer is problematic as illustrated in FIG. 6. Accordingly, 
in order to improve the efficiency of the present invention, 
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the host device selects the maximum payload size B of the 
data block Which can be transmitted together With the 
command. The block siZe can be selected in any manner. 

However, it may optimally be based on: 1) the distribution 
of the siZes of the data blocks transferred to and from the 
target device; 2) the typical number of outstanding com 
mands; and/or 3) the typical processing time for a command. 
Preferably, the selected maximum payload siZe is slightly to 
the right of or greater in siZe than the highest peak repre 
senting the most typical siZed data block. As shoWn in FIGS. 
8 and 9, the selected maximum payload siZe B in FIG. 8 
Would be to the right of the right-hand peak A2 since that is 
the highest peak and the selected block siZe in FIG. 9 Would 
be slightly to the right of the left-hand peak A1 since that it 
is the highest peak. The data transfer siZe distribution may 
be caused by, for example, different target devices or dif 
ferent types of data ?les. Alternatively, the selected maxi 
mum payload siZe B could be changed according to the most 
recent data transfers With any number of different algorithms 
and Weighting factors, moving averages, etc., being avail 
able to determine and perhaps, dynamically change the 
selected maximum payload siZe B so that it is determined in 
?rmWare or softWare rather than being preset in hardWare. 

[0031] FIGS. 10 and 11 illustrate the transferred data 
blocks containing the command and data blocks in relation 
ship to the selected maximum payload siZe. B. (The transfer 
block may also contain a header Which is not shoWn for 
purposes of clarity.) FIG. 10 is a ?rst example Wherein the 
data to be transferred is less than or equal in siZe to the 
selected maximum payload siZe B. FIG. 11 is a second 
example Wherein the data to be transferred is greater in siZe 
than the selected maximum payload siZe B. 

[0032] FIGS. 12-14 shoW several channel examples use 
ful in understanding aspects of the invention. More particu 
larly, turning ?rst to FIG. 12, there is shoWn a single channel 
Which is used to transmit across the channel adapters. More 
particularly, ?rst the command and small data block are 
transmitted, and subsequently the left-over data is transmit 
ted along the same single channel. Such arrangement is 
advantageous in that there is only a single channel, but is 
disadvantageous in that if a huge block of data (e.g., 2 
gigabytes) is to be transmitted, such huge data block trans 
mission Will tie up the single channel, thus blocking all other 
messaging. 

[0033] Accordingly, a further advantageous arrangement 
is shoWn in the channel example shoWn in FIG. 13. More 
speci?cally, such example includes tWo channels. First there 
is shoWn a messaging channel Which is used exclusively for 
transmitting the command and small data blocks. Further 
shoWn is a bulk data channel Which can be used to send 
left-over data. Accordingly, if there is a huge data block to 
be transmitted across the fabric, the bulk data channel is 
used to transmit such left-over data, thus not tying up the 
messaging channel Which can continue to operate and trans 
mit messages across the fabric. Dual channels are employed, 
but is advantageous in that bulk data or left-over data 
transmission Will never tie up the messaging channel. 
Although the invention can be practiced using a single 
channel, it is generally more advantageous to use multiple 
channels. 
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[0034] In FIG. 14, there is shoWn a single messaging 
channel and a plurality of data channels 1, 2, 3. With such 
arrangement, left-over data can be sent over a single one of 
the channels 1, 2, 3. Such is advantageous in that only one 
data channel Will be tied up transmitting any bulk or 
left-over data. In contrast, multiple channels can be used in 
parallel for faster transmission of the bulk or left-over data. 
More speci?cally, the bulk or left-over data can be cut up 
into equally siZed blocks and transmitted over various 
channels. 

[0035] There are different possible points in the server 
architecture to implement the delivery method. The ?rst 
possible implementation is at a someWhat centraliZed (but 
not shared) location. This implementation takes advantage 
of the fact that I/O adaptor cards are a standard component 
of input/output subsystems and generally don’t include any 
specialiZed circuitry or softWare for effectuating the 
described method of transferring data blocks. In the context 
of this application, they can be considered “dumb” I/O 
cards. An example implementation of the invention uses 
such dumb I/O cards because they are standardiZed and less 
expensive than non-standard I/O cards, and performs the 
method elseWhere in the netWork con?guration. The method 
may support a different block siZe B for each I/O device. In 
such case, it then looks at the block siZe for the respective 
I/O device and the data transfer is carried out per I/O device 
based on the siZe of the data blocks generally transferred for 
operation of that particular I/O device. Also, for example, 
one I/O device may be a CD-RW disk drive and the other 
may be a high speed communications interface (e.g., an 
asynchronous transfer mode (ATM) interface). Preferably, 
the method is implemented as ?rmWare or softWare, 
although it may be accelerated With hardWare support. 

[0036] A set system length parameter is tuned to the target 
device or some basic unit. Preferably, a basic unit is set for 
the data block siZe B Which is equal to a multiple of the data 
storage format of the I/ O device. For example, in a disk drive 
storing data in 1 kilobyte sectors, it is preferable that the 
predetermined block siZe be a multiple of kilobytes. HoW 
ever, the data blocks may be of different siZes controlled 
according to the ?rmWare or softWare. The ?rmWare or 
softWare may or may not maintain an internal history of data 
transfers to each I/O device and adjust the block siZe B 
according to the history to provide a further level of adapt 
ability to adjust to operating conditions. The block siZe B 
can thus respond to conditions of the I/O device at the time 
of operation, rather than a static design made at decision 
time or boot time. 

[0037] Although an example embodiment, the invention is 
not limited to the sWitched fabric con?guration or to a host 
server as illustrated in FIG. 4. Indeed, an advantage of the 
exemplary embodiments of the invention is that they are 
particularly useful and Widely adaptable to any I/O device 
having latency in data transfer operations. In this Way, data 
transfers can be efficient in both a server that has a great deal 
of netWork I/O interfaces and a server that has a great deal 
of I/O disk interfaces. The example embodiments Will 
automatically adapt to transfer characteristics in Which large 
blocks of data are generally transferred rather than small 
blocks of data. Indeed, the example embodiments Will adapt 
to any I/O data interface. There Will be no need for a netWork 
administrator to select an appropriate data transfer buffer 
siZe in the setup con?guration. 
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[0038] Other features of the invention may be apparent to 
those skilled in the art from the detailed description of the 
example embodiments and claims When read in connection 
With the accompanying draWings. While the foregoing and 
folloWing Written and illustrated disclosure focuses on dis 
closing eXample embodiments of the invention, it should be 
understood that the same is by Way of illustration and 
eXample only, is not to be taken by Way of limitation and 
may be modi?ed in learned practice of the invention. While 
the foregoing has described What are considered to be 
eXample embodiments of the invention, it is understood that 
various modi?cations may be made therein and that the 
invention may be implemented in various forms and 
embodiments, and that it may be applied in numerous 
applications, only some of Which have been described 
herein. It is intended by the folloWing claims to claim all 
such modi?cations and variations. 

1-31. (canceled) 
32. A method comprising: 

at least one of issuing a block from a ?rst device to a 
second device and receiving the block at the second 
device, the block including a command that is associ 
ated With data, if the data has a siZe that is less than or 
equal to a maXimum payload siZe, the block also 
including all of the data With Which the command is 
associated. 

33. The method of claim 32, Wherein: 

the second device is associated With a data storage format; 
and 

the block is associated With a data block siZe that is equal 
to a multiple of the data storage format. 

34. The method of claim 32, Wherein: 

the block is associated With a data block siZe; and 

the method further comprises adjusting the data block 
siZe. 

35. The method of claim 32, further comprising: 

determining Whether the siZe of the data With Which the 
command is associated is greater than the maXimum 
payload siZe. 

36. The method of claim 32, further comprising: 

selecting the maXimum payload siZe. 
37. The method of claim 32, Wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
38. A method comprising: 

at least one of issuing one block from a ?rst device to a 
second device and receiving the one block at the second 
device, the one block including a command that is 
associated With data, if the data has a siZe that is greater 
than a maXimum payload siZe, the one block including 
the command, an amount of the data that is equal to the 
maXimum payload siZe, and an indication that less than 
all of the data is included in the one block. 

39. The method of claim 38, further comprising: 

at least one of transferring to the second device from the 
?rst device another block and receiving at the second 
device the another block, the another block including a 
remaining portion of the data that is not included in the 
one block. 
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40. The method of claim 39, further comprising: 

at least one of issuing a request from the second device 
and receiving at the ?rst device the request, the request 
requesting transfer to the second device of the remain 
ing portion. 

41. The method of claim 38, Wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
42. An apparatus comprising: 

circuitry that is capable of at least one of issuing a block 
from a ?rst device to a second device and receiving the 
block at the second device, the block including a 
command that is associated With data, if the data has a 
siZe that is less than or equal to a maXimum payload 
siZe, the block also including all of the data With Which 
the command is associated. 

43. The apparatus of claim 42, Wherein: 

the second device is associated With a data storage format; 
and 

the block is associated With a data block siZe that is equal 
to a multiple of the data storage format. 

44. The apparatus of claim 42, Wherein: 

the block is associated With a data block siZe; and 

the circuitry is also capable of adjusting the data block 
siZe. 

45. The apparatus of claim 42, Wherein: 

the circuitry is also capable of determining Whether the 
siZe of the data With Which the command is associated 
is greater than the maXimum payload siZe. 

46. The apparatus of claim 42, Wherein: 

the circuitry is also capable of selecting the maXimum 
payload siZe. 

47. The apparatus of claim 42, Wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
48. An apparatus comprising: 

circuitry that is capable of at least one of issuing one block 
from a ?rst device to a second device and receiving the 
one block at the second device, the one block including 
a command that is associated With data, if the data has 
a siZe that is greater than a maXimum payload siZe, the 
one block including the command, an amount of the 
data that is equal to the maXimum payload siZe, and an 
indication that less than all of the data is included in the 
one block. 

49. The apparatus of claim 48, Wherein: 

the circuitry is also capable of at least one of transferring 
to the second device from the ?rst device another block 
and receiving at the second device the another block, 
the another block including a remaining portion of the 
data that is not included in the one block. 

50. The apparatus of claim 49, Wherein: 

the circuitry is also capable of at least one of issuing a 
request from the second device and receiving at the ?rst 
device the request, the request requesting transfer to the 
second device of the remaining portion. 
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51. The apparatus of claim 48, wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
52. An article comprising: 

a storage medium storing instructions that When executed 
by a machine result in the following: 

at least one of issuing a block from a ?rst device to a 
second device and receiving the block at the second 
device, the block including a command that is associ 
ated With data, if the data has a siZe that is less than or 
equal to a maximum payload siZe, the block also 
including all of the data With Which the command is 
associated. 

53. The article of claim 52, Wherein: 

the second device is associated With a data storage format; 
and 

the block is associated With a data block siZe that is equal 
to a multiple of the data storage format. 

54. The article of claim 52, Wherein: 

the block is associated With a data block siZe; and 

the instruction When executed by the machine also result 
in adjusting the data block siZe. 

55. The article of claim 52, Wherein: 

the instructions When executed by the machine also result 
in determining Whether the siZe of the data With Which 
the command is associated is greater than the maximum 
payload siZe. 

56. The article of claim 52, Wherein: 

the instructions When executed by the machine also result 
in selecting the maximum payload siZe. 

57. The article of claim 52, Wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
58. An article comprising: 

a storage medium storing instructions that When executed 
by a machine result in the folloWing: 

at least one of issuing one block from a ?rst device to a 
second device and receiving the one block at the second 
device, the one block including a command that is 
associated With data, if the data has a siZe that is greater 
than a maximum payload siZe, the one block including 
the command, an amount of the data that is equal to the 
maximum payload siZe, and an indication that less than 
all of the data is included in the one block. 

59. The article of claim 58, Wherein: 

the instructions When executed by the machine also result 
in at least one of transferring to the second device from 
the ?rst device another block and receiving at the 
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second device the another block, the another block 
including a remaining portion of the data that is not 
included in the one block. 

60. The article of claim 59, Wherein: 

the instructions When executed by the machine also result 
in at least one of issuing a request from the second 
device and receiving at the ?rst device the request, the 
request requesting transfer to the second device of the 
remaining portion. 

61. The article of claim 58, Wherein: 

the ?rst device comprises an initiator device; and 

the second device comprises a target device. 
62. A system comprising: 

a ?rst device; 

a second device; 

one or more channels to communicatively couple the ?rst 
device and the second device; 

the ?rst device being capable of issuing a block to a 
second device via the one or more channels; 

the second device being capable of receiving the block via 
the one or more channel; and 

the block including a command that is associated With 
data, if the data has a siZe that is less than or equal to 
a maximum payload siZe, the block also including all of 
the data With Which the command is associated. 

63. The system of claim 62, Wherein: 

the one or more channels comprise one or more point-to 
point connections. 

64. A system comprising: 

a ?rst device; 

a second device; 

one or more channels to communicatively couple the ?rst 
device and the second device; 

the ?rst device being capable of issuing a block to a 
second device via the one or more channels; 

the second device being capable of receiving the block via 
the one or more channel; and 

the one block including a command that is associated With 
data, if the data has a siZe that is greater than a 
maximum payload siZe, the one block including the 
command, an amount of the data that is equal to the 
maximum payload siZe, and an indication that less than 
all of the data is included in the one block. 

65. The system of claim 64, Wherein: 

the one or more channels comprise one or more point-to 

point connections. 

* * * * * 


