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(57) ABSTRACT 

In an example embodiment, a method of transferring data to 
or from an input/output unit across a netWork emulates a 

message passing protocol. A message sent from a host 
device to the input/output unit speci?es the requested data 
transfer and is formatted in accordance With the message 
passing protocol. An emulation service softWare layer on the 
input/output unit translates the message into a corresponding 
series of data transfer operation instructions. The series of 
data transfer operation instructions have a different format 
than the format of the message passing protocol. The data 
transfer speci?ed by the message is carried out by the 
operating system and hardWare of a target device in the 
input/output unit using the series of data transfer operation 
instructions. After the data transfer is completed, a reply 
message is created in the emulation service softWare layer 
and the reply message is sent to the host device in a format 
according to the message passing protocol. 
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I/O UNIT EMULATION 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to methods and 
apparatus for transferring data over a netWork. In particular, 
the present invention relates to methods and apparatus for 
emulating an input/output unit When transferring data over a 
netWork. 

[0003] 2. Description of the Related Art 

[0004] Conventional methods of transferring data betWeen 
a host device, such as a server, and an input/output (I/O) 
unit, such as a block storage device, utiliZe a series of 
simple, basic level, commands sent from the central pro 
cessing unit (CPU) of the host to the processor in a controller 
(usually implemented as a slot-based adaptor card) of the 
I/O unit via an I/O bus such as, 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. In these methods, the host 
CPU has to direct each one of the steps taken by the 
controller of the I/O unit Which results in delays in the data 
transfer and decreases in the performance of the host CPU. 

[0005] For example, suppose that a host Wishes to transfer 
data from a server to a hard disk via a netWork. The host 
CPU ?rst stores the Write command and its associated data 
Within a block of host system memory. The host CPU 
transfers a command to the I/O controller via the I/O bus of 
the host and the netWork (a netWork interface controller 
(NIC) acts as the communications intermediary betWeen the 
devices and the netWork and passes data blocks to and from 
the netWork in the speed and manner required by the 
network). This command tells the I/O controller that a neW 
command has been issued. The I/ O controller card must then 
read the data from system memory using a pointer, Which is 
the value representing an address Within the system memory 
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.) To 
get the block of data from the system memory back to the 
I/O controller may require several separate fetches. The data 
is then subsequently Written from the I/O controller to the 
hard disk itself. The host CPU must alWays load the data and 
the I/O controller must alWays separately read the Write 
command to knoW Where the data is located and perform the 
fetches to obtain the data. A similar load/store procedure 
occurs When a host CPU reads a block of data from the hard 
disk, i.e., a series of messages passed back and forth so the 
I/O controller can store the data in a block Within the system 
memory. 

[0006] The repetition of this conventional load/store pro 
cedure (illustrated generally in FIG. 8) of sending a com 
mand 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. Even though the host CPU performs 
optimally, the performance of the host can still be less than 
optimum because the procedure is very inef?cient. The data 
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transfers sloW doWn the entire system and many CPU cycles 
Will pass before they are completed. Although, the PCI bus 
architecture provides the most common accepted method 
used to extend computer systems for add-on arrangements 
(e.g., expansion cards) With neW disk memory storage 
capabilities, it has performance limitations and scales poorly 
in server architectures. 

[0007] A netWork may have a signi?cant number of I/O 
devices Which are 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. Although not shoWn in FIG. 1, 
transport and other protocols (e.g., TCP, IP) are imple 
mented at various levels of ?rmWare and softWare in an I/O 
device to control, distinguish or revieW the transferred data 
in order to render the transfer of data over the netWork more 
reliable. The multiplexing and demultiplexing processes are 
computationally expensive and a host CPU must control the 
movement of the transfer data blocks into and out of the 
memory controller or 1/0 controller during the transfer of 
each data block. 

SUMMARY 

[0008] The present invention is directed to emulation in an 
I/O unit When transferring data over a netWork. In an 
example embodiment, a method of transferring data to or 
from an input/output unit across a netWork emulates a 
message passing protocol. A message sent from a host 
device to the input/output unit speci?es the requested data 
transfer and is formatted in accordance With the message 
passing protocol. An emulation service softWare layer on the 
input/output unit translates the message into a corresponding 
series of data transfer operation instructions. The series of 
data transfer operation instructions have a different format 
than the format of the message passing protocol. The data 
transfer speci?ed by the message is carried out by the 
operating system and hardWare of a target device in the 
input/output unit using the series of data transfer operation 
instructions. After the data transfer is completed, a reply 
message is created in the emulation service softWare layer 
and the reply message is sent to the host device in a format 
according to the message passing protocol. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 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. 

[0010] FIG. 1 is a block diagram illustrating the softWare 
driver stack in an example embodiment of the invention 
having a host connected to both a native I20 I/O unit and an 
emulated I20 I/O unit. 

[0011] FIG. 2 is a How diagram shoWing the How of an I/O 
transaction through the emulated I20 unit in the example 
embodiment of FIG. 1 for an application I/O request. 
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[0012] FIG. 3 is a ?owchart of the initialization and 
con?guration of the emulation service in the example 
embodiment of FIG. 1. 

[0013] FIG. 4 provides pseudo-code of the How control 
for initialiZation and con?guration of the emulation service 
illustrated in FIG. 3. 

[0014] FIG. 5 is a ?oWchart of the I/O request processing 
in the emulation in the example embodiment of FIG. 1. 

[0015] FIG. 6 is a ?oWchart of the I/O completion noti 
?cation process in the example embodiment of FIG. 1. 

[0016] FIG. 7 provides pseudo-code of the internal ?oW 
control for I/O generation and of the I/O completion noti 
?cation process illustrated in FIGS. 5 and 6, respectively. 

[0017] FIG. 8 is a chart illustrating the steps of a conven 
tional data transfer operation in Which an I/O data block is 
transferred from a device on a netWork. 

DETAILED DESCRIPTION 

[0018] NeW I/O transport technologies are being devel 
oped to improve upon the conventional I/O data transfer 
procedures discussed above in the Description of the Related 
Art and illustrated generally in FIG. 1. For example, the 
Next Generation I/O (NGIO) architecture, Version 1.0, pub 
lished Jul. 22, 1999, and other architectures currently under 
development, such as System I/O, offer several advantages. 
These architectures utiliZe a fabric cluster based netWorking 
medium, With neW link speci?cations for transferring data 
betWeen a server and I/O units out on the fabric rather than 
to and from I/O devices on system level I/O buses, such as 
a PCI bus. They decrease the inef?ciency of the transfer of 
I/O data in a server architecture, such as What occurs When 
an I/O data block is transferred to or from a block storage 
device such as a hard disk array. In particular, some PCI 
compliant I/ O unit controllers cannot accomplish data trans 
fers Without the multiple steps discussed above With relation 
to FIG. 1. A server 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 com 
puter systems at high speed. (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 sets forth a data 
transfer Where the transferee device has remote direct 
memory access (RDMA) to virtual addresses over a system 
area netWork (SAN) With a sWitched fabric con?guration, 
thus enabling protected, target-managed data transfer. There 
are several commercially available proprietary SAN fabrics, 
such as GigaNet and ServerNet by Compaq. 

[0019] The neW architectures also alloW remote direct 
memory access so that one device is able to push data across 
a netWork into a shared buffer pool of another device and 
direct data into and from the device’s memory. This feature 
facilitates neW message passing standards Which pass high 
level operation messages betWeen the host CPU and I/ O unit 
processor so that the I/O unit processor handles the com 
mand and processes it fully, thereby alloWing the host CPU 
to perform processing for other operations. The U0 unit 
receives and processes many different kinds of messages. 
The messages generally have the same format and ?elds in 
each message identify the initiator, the target, the message 
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function, and other information as necessary. For example, 
a message passed from a host could instruct the I/O unit to 
read 1 megabyte of data off a disk in the I/O unit and store 
the data directly in an address location of the host memory. 
The controller in the I/O unit accomplishes the entire data 
transfer from end to end Without having to interrupt the host 
CPU several times as discussed above With relation to FIG. 
1. When the last of the data has been transferred into host 
memory, the controller transfers a reply to the host Which 
indicates that the data transfer is completed and the data is 
available. 

[0020] As one example of a message passing standard, the 
I20 special interest group (WWW.I20sig.org) has released 
Version 1.5, March 1997, Which de?nes protocols and 
formats for the messages passed back and forth betWeen the 
host and the I/O unit. The controller I/O unit is speci?cally 
designed to run softWare Which instructs its processor to 
process I20 compliant messages Without a large number of 
interrupts to the host CPU. (The example embodiment of 
this application discusses a method and apparatus of the 
invention utiliZing I20 messages over a system area netWork 
(SAN). The embodiment is not limiting of the invention and 
is presented in the context of a speci?c message passing 
standard in a system are netWork merely to help shoW the 
advantages of the invention. The method and apparatus of 
the example embodiment of the invention are also applicable 
to any other message passing standard or non-sWitched 
point-to-point connection links to I/O units in other con 
?gurations or netWorks Which may currently exist or here 
after be developed.) 

[0021] Despite neW high performance I/O netWork archi 
tectures and message passing, it is dif?cult for these tech 
nologies to become Well established because of the need to 
develop neW corresponding I/O units, such as storage 
devices, and the cost to replace “legacy” I/ O units With those 
neWly developed “native” I/O units. The example embodi 
ment of the invention attempts to eliminate much of the 
dif?culty in implementing neW netWork technologies by 
including an additional softWare layer in the legacy I/O units 
so that they emulate the capabilities of a native I/O unit. In 
this Way, I/ O units for a completely neW netWork technology 
can be obtained by using existing stable, high performance 
I/O device architectures With neW I/O message passing and 
transfer architectures so that development can focus on the 
I/O data transfer instead of the hardWare of the I/O control 
ler. 

[0022] An example embodiment of the invention is illus 
trated in the block diagram of FIG. 1. Of course, I20 host 
101 is quite commonly a server, Which may have a plurality 
of CPUs such as an Intel® Pentium® II XeonTM or Pen 

tium® III XeonTM processor, a host system bus, a memory 
controller, system memory, and a host channel adapter (not 
shoWn). The host channel adapter (HCA) and target channel 
adapter (TCA) is, in turn, connected to the sWitching fabric 
(not shoWn), Which may contain many different sWitches 
SW, of a system area netWork 104. The sWitches are pref 
erably multi-stage sWitches With naturally redundant com 
munication channel links through the fabric such that a 
plurality of messages can be traveling through the sWitching 
fabric at any given time. Each channel link betWeen the 
HCA and the sWitches includes a request/response protocol 
permitting message sends, rDMA read and Write, manage 
ment, and retry on transient errors. Channel links may be 
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grouped together for additional bandwidth. Although only 
one host, one 120 compliant I/O unit and one emulated I2O 
I/O unit is shoWn in FIG. 1, the example embodiment of the 
invention can be applied in a network of different con?gu 
ration and number of connected devices. 

[0023] While the example embodiment is an NGIO imple 
mentation and thus supports the channel link de?nition 
provided in the speci?cation identi?ed above, the present 
invention is not so limited. In accordance With the imple 
mentation in the NGIO speci?cation or similar systems, 
once injected into the sWitched fabric SF, the Write com 
mand travels through the sWitches and eventually arrives at 
a target channel adapter TCA Where it can be given to an I/O 
controller Where it is subsequently 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 controller are not experienced by the processor P 
Which is on the other side of the sWitching fabric, and can 
continue processing. When a CPU issues a read command, 
for example, it simply passes the command to the host 
channel adapter Which injects it into the sWitched fabric SF, 
such that the CPU does not have to Wait for processing of the 
command and locking of the system bus, but instead goes on 
to perform other processing operation until the processing is 
completed. According to the present invention, the channel 
link is any means of transferring data, including but not 
limited to virtual channels, used to transfer data betWeen tWo 
endpoints. 

[0024] The example embodiment and other embodiments 
of the invention can be implemented in conjunction With 
other types of sWitch fabric-based I/O architectures. The 
example embodiment NGIO uses a similar model for input/ 
output data transfer as is speci?ed by the VI architecture. VI 
is described in the Virtual Interface Architecture Speci?ca 
tion, Version 1.0, Dec. 16, 1997, jointly authored by Intel 
Corporation, Microsoft Corporation, and Compaq Computer 
Corporation, and makes it possible to perform loW overhead 
communication using off-the shelf SAN hardWare. The 
Virtual Interface architecture speci?cation de?nes a standard 
interface to a SAN controller such that user applications and 
kernel applications can move data out onto a SAN With 
minimal impact on the CPU. It is designated for use in 
netWorks, such as SANs, Which have very loW error rates 
and high reliability levels. Transport errors are rare and 
considered catastrophic. The connection is broken When 
they occur. A highly ef?cient interface such as the kernel 
interface in the example embodiment may thus be bene? 
cially used by various computer devices having NGIO 
hardWare connected to a netWork fabric. HoWever, the 
example embodiment and other embodiments of the inven 
tion may also be used With non-NGIO hardWare. 

[0025] The data transfers to and from the host are opti 
miZed through the host channel adapter at all times using the 
softWare stack shoWn in FIG. 1. This stack includes an 
application layer 101-1, an operating system (such as Win 
doWs NT 4.0) 101-2, at least one operating system module 
(OSM) 101-3, and a remote transport layer 101-4 Which 
controls the host channel adapter so that it transmits bits of 
data across netWork 104. In accordance With the example 
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embodiment, OSM 101-3 contains an application program 
ming interface (API) to OS 101-2 Which enables it to send 
and receive 120 messages. 

[0026] The 120 I/O unit 102 has a remote transport layer 
102-4 Which Works in conjunction With remote transport 
layer 1014 of host 101. It also has a transport layer 102-3 
Which prepares data for transfer betWeen an 120 shell 
compliant device 102-1, Which, for example, is a block 
storage adapter having various block storage devices 102-5. 
There are various other softWare layers Which are not shoWn 
for the sake of simplicity. The 120 shell 102-1 is con?gured 
to interact With other 120 devices, such as host 101, to send 
and receive 120 messages for accomplishing data transfers. 
The commands and I/O data are transferred by the I/O unit 
102 independently of the host CPU. This helps the CPU or 
other elements of the host avoid having to expend system 
resources to accomplish transfer of I/O data blocks since 
there may be access con?icts With other functions. The 120 
I/O unit 102 is speci?cally designed to perform I2O mes 
saging and does not implement the example embodiment of 
the invention. 

[0027] On the other hand, I/O unit 103 does not contain an 
120 shell compliant device and is modi?ed to emulate an 120 
device according to the example embodiment of the inven 
tion. It also contains a remote transport layer 102-4 Which 
Works in conjunction With remote transport layer 101-4 of 
host 101. I/O adapter 103-1 is a conventional controller and 
storage devices 103-5 are conventional block storage 
devices. (Although hard disk drives are illustrated in FIG. 1, 
the storage devices in I/ O units 102 and 103 may be any type 
of storage device.) Device driver 103-2 is a conventional 
driver designed to operate in conjunction With the storage 
controller and Without any regard to I20 messaging. As 
described in detail beloW, emulation service layer 103-3 
alloWs the non-I2O I/O unit to be used as an 120 I/O unit by 
translating 120 requests into operating system speci?c I/O 
calls and generating 120 replies. 

[0028] FIG. 2 shoWs the How of an I/O transaction 
through the emulated 120 unit in the example embodiment 
of FIG. 1 for an application I/O request. Generally, 120 
requests originate on host 101, are transported over the SAN 
104 to I/O unit 103 by the remote transport service, Where 
they are processed. The emulation service operates on I/O 
unit 103 only, and requires no changes to the host system. 
The interface to the message service layer is preserved in the 
example embodiment to make the use of I/O unit 103 
completely transparent to OSM 101-3. 

[0029] The emulation process starts When application 
101-1 of host 101 issues an I/O request (step 201-1). Then, 
OSM 101-3 creates an 120 message for the I/O request (step 
201-2) and remote transport layer 101-4 sends the message 
(step 201-3) to be received by remote transport layer 103-4 
of I/O unit 103 (step 203-1). Emulation service layer 103-3 
of I/O unit 103 creates a series of I/O requests (step 203-2) 
corresponding to the 120 message that is speci?c to the 
operating system of I/O unit 103 (for example, a real-time 
operating system such as IxWorks). An application program 
ming interface (API) of the operating system is utiliZed to 
accomplish the translation. The emulation service layer 
103-3 performs the translation of the request, using the OS 
API to perform certain functions of the translation, such as 
mapping the buffers. Decoding the target, the requested 
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function, and parameters of a request such as block offset 
and length of transfer, is done by the emulation service. The 
emulation service also uses the API of the OS to perform the 
I/O requests corresponding to the I20 request. The eXample 
embodiment of the invention is not limited to any particular 
operating system or API. Indeed, it is intended that the 
eXample embodiment can be applied to any non-I20 com 
pliant I/O unit. 

[0030] The operating system (i.e., device driver 103-2) 
and I/O adapter 103-1 of I/O unit 103 fully process the series 
of I/O requests and carry out the data transfer operations 
called for by I20 message (step 203-3). Upon completion, 
emulation service layer 103-3 creates an 120 reply message 
indicating that the data transfer is completed (step 203-4), 
Which is sent by remote transport layer 103-4 to host 101 
(step 203-5). Remote transport layer 101-4 then receives the 
reply message (step 201-4), OSM 101-3 completes the I/O 
request (step 201-5) and sends a completion noti?cation to 
application 101-1 (step 201-6) that originated the I/ O request 
at step 201-1. The 120 remote transport splits the message 
layer of the standard 120 driver stack betWeen the host 101 
generating the I/O requests and a target I/O unit 103, Where 
the I/O requests are processed. The eXample embodiment of 
the invention replaces the portion of the I20 message layer 
on the I/O unit, emulating its behavior and interfacing With 
the remote transport as if it Were a native I20 device. 

[0031] There are tWo stages in emulating and processing 
the I20 messages. The subsystem con?guration and operat 
ing parameters are retrieved and/or set in the ?rst stage and 
the I/O requests are handled in the second stage. To properly 
emulate an I20 I/O unit, the device must accept I20 con 
?guration messages as Well as I/O request messages. 

[0032] The con?guration is not shoWn in FIG. 2 for the 
sake of simplicity and a ?oWchart thereof is provided in 
FIG. 3. At step 301, the host retrieves the number of 
emulated I/O processors (IOP) for all of the I/O adapters 
103-1 in I/O unit 103. At step 302, it gets the logical 
con?guration table (LCT) for each IOP reported in step 301. 
The device parameters are then obtained (step 303) for each 
device reported in the LCT that OSM 101-3 of host 101 is 
interested in. If a desired device is available for use (step 
304), then that device is claimed (reserved) for use (step 
305). I/O requests targeted at a claimed device are eXecuted 
and completed (step 306) by one or more I/O operations. 
After all requested I/O operations complete, as indicated by 
the receipt of a completion noti?cation for each request, the 
device can be released (step 307). Any number of I/O 
operation requests can be issued to a device While it is 
claimed; there is no minimum or maXimum number that 
must be issued before releasing a device. Pseudo-code 
corresponding to the con?guration process is provided in 
FIG. 4. 

[0033] Once con?gured, the emulation service layer 103-3 
can accept I20 I/O requests and execute them asynchro 
nously using operating system speci?c calls. Although 
shoWn as a single step in FIG. 2 for the sake of simplicity, 
the steps of processing an I/O request are shoWn in more 
detail in FIG. 5. In response to I/O request 201-1, param 
eters of the request such as the Target Address ?eld and 
Function ?eld are checked to make sure that they are Within 
the bounds reported earlier in the LCT (step 501). An error 
message is returned (step 502) if they are not. If the 
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parameters are valid, The emulation service layer 103-3 
decodes and uses the TargetAddress ?eld of the I20 mes 
sages to associate a request With a target device, and decodes 
and uses the Function ?eld of the I20 message to determine 
the desired action for that message (step 503). The device 
speci?c parameters for the identi?ed device are checked to 
determine Whether or not they are valid (step 504). As an 
eXample, parameters such as the block offset and transfer 
siZe of a read or Write operation are checked to make sure 
they are Within the bounds of a disk drive. If they are not, an 
error message is returned (step 505). If the parameters are 
valid, then the buffers in I/O unit 103 are mapped (step 506) 
by using the physical addresses provided in the I20 message 
such that OS speci?c I/O requests can be issued by the 
emulation service. A reply message is allocated for the I/O 
request (step 507) and the reply message is prepared (step 
508). 
[0034] The desired function of the I20 message is trans 
lated into a series of requests and data operations speci?c to 
the operating system of I/O unit 103 (step 509) and eXecuted 
on the speci?ed device. Translating I20 requests into oper 
ating system speci?c I/ O calls requires the ability to map the 
data buffers described by the I20 message to a format 
suitable for I/ O generation using the native operating system 
calls. Data buffers in an I20 message are described in terms 
of physical memory locations. This is suitable for normal 
I20 implementations Where the I20 hardWare can access 
physical memory directly. To retain the ability of using 
standard I/O calls, the buffer described by the I20 message 
must be mapped into system virtual address space before it 
can be used to generate an I/O. Mapping the buffer creates 
a buffer in the system’s virtual address space that represents 
the physical memory speci?ed by the I20 message Without 
requiring additional memory allocation and memory copy 
operations. As shoWn in FIG. 5, the I/O request is acknoWl 
edged (step 510) after the above steps are taken. 

[0035] Similar to native I20 drivers, the emulation service 
layer 103-3 uses completion routines for signaling message 
processing completions as shoWn in FIG. 6. At ?rst, the 
status of the I/O request is checked to verify that it com 
pleted successfully (step 601) and an error message is 
generated if it did not. If it completed successfully, a 
preallocated response is sent to host 101 (step 603). Before 
terminating, the buffers mapped in the system’s virtual 
address space as described With respect to step 508 are 
unmapped (step 604), the I/ O request is freed (step 605), and 
the resources associated With the I/O request are freed (step 
606). Apseudo-code for the I/O processing in FIG. 5 and the 
completion routine in FIG. 6 is provided in FIG. 7. 

[0036] The eXample embodiment, including the comple 
tion routine, facilitates a non-blocking, asynchronous usage 
model that is ideally suited for kernel mode implementa 
tions, such as in a NGIO/VI netWork. Of course, the netWork 
and connected devices are not limited to the eXample 
embodiment and non-I20 I/ O units may implement different 
embodiments of the invention. Indeed, an advantage of the 
eXemplary embodiment of the invention is that it is particu 
larly useful and Widely adaptable to hardWare in any non 
IZO I/O unit having latency in data transfer operations so that 
it can emulate a more ef?cient message passing protocol. 

[0037] Other features of the invention may be apparent to 
those skilled in the art from the detailed description of the 
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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. Amethod of transferring data to or from an input/output 
unit across a netWork, said method comprising: 

sending a message from a host device to said input/output 
unit, said message specifying a requested data transfer 
and being formatted in accordance With a message 
passing protocol; 

in an emulation service softWare layer on said input/ 
output unit, translating said message into a correspond 
ing series of data transfer operation instructions, said 
series of data transfer operation instructions being of a 
format other than said message passing protocol; 

performing said data transfer speci?ed by said message in 
the operating system and hardWare of a target device in 
the input/output unit using said series of data transfer 
operation instructions; 

upon completion of the data transfer, creating a reply 
message in said emulation service softWare layer and 
sending said reply message to said host device in a 
format according to said message passing protocol. 

2. The method recited in claim 1, Wherein said series of 
data transfer operation instructions identi?es and maps a set 
of buffers in the input/output unit Which are utiliZed When 
performing the data transfer. 

3. The method recited in claim 2, Wherein the set of 
buffers are unmapped after the reply message is sent to said 
host device. 

4. The method recited in claim 1, Wherein the message 
specifying a requested data transfer is formatted in accor 
dance With the message passing protocol by a module in the 
operating system of the host device. 

5. The method recited in claim 4, Wherein the operating 
system of the host device sends a completion noti?cation to 
a user application utiliZing a non-blocking, asynchronous 
usage model operating in kernel space. 

6. The method recited in claim 5, Wherein the data transfer 
is made over a virtual interface of the netWork. 

7. The method recited in claim 6, Wherein the message 
passing protocol is compliant With Version 1.5 of I20 . 

8. An input/output unit connected to a host device across 
a netWork, said input/output unit con?gured to carry out a 
data transfer method in response to a message from the host 
device comprising: 

receiving a message sent from a host device, said message 
specifying a requested data transfer and being format 
ted in accordance With a message passing protocol; 
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in an emulation service softWare layer, translating said 
message into a corresponding series of data transfer 
operation instructions, said series of data transfer 
operation instructions being of a format other than said 
message passing protocol; 

performing said data transfer speci?ed by said message in 
the operating system and hardWare of a target device 
using said series of data transfer operation instructions; 

upon completion of the data transfer, creating a reply 
message in said emulation service softWare layer and 
sending said reply message to said host device in a 
format according to said message passing protocol. 

9. The input/output unit recited in claim 8, Wherein said 
series of data transfer operation instructions identi?es and 
maps a set of buffers Which are utiliZed When performing the 
data transfer. 

10. The input/output unit recited in claim 9, Wherein the 
set of buffers are unmapped after the reply message is sent 
to said host device. 

11. The input/output unit recited in claim 8, Wherein the 
data transfer is made over a virtual interface betWeen the 
input/output unit and the netWork. 

12. The input/output unit recited in claim 11, Wherein the 
data is transferred directly betWeen the input/output unit and 
the memory of a host device over a virtual interface Without 
making an intermediate copy of the data. 

13. The input/output unit recited in claim 12, Wherein the 
input/output unit further comprises a softWare stack having 
transport layers to effectuate the transfer of data across the 
netWork and the translation of the message is transparent to 
the transport layers. 

14. The input/output unit recited in claim 13, Wherein the 
input/output unit comprises a storage adapter having a 
plurality of block storage data recording media. 

15. A tangible medium storing a plurality of program 
instructions, said program instructions causing an input/ 
output unit to transfer data With a host device across a 
netWork, the data transfer comprising: 

receiving a message sent from a host device, said message 
specifying a requested data transfer and being format 
ted in accordance With a message passing protocol; 

in an emulation service softWare layer, translating said 
message into a corresponding series of data transfer 
operation instructions, said series of data transfer 
operation instructions being of a format other than said 
message passing protocol; 

performing said data transfer speci?ed by said message in 
the operating system and hardWare of a target device 
using said series of data transfer operation instructions; 

upon completion of the data transfer, creating a reply 
message in said emulation service softWare layer and 
sending said reply message to said host device in a 
format according to said message passing protocol. 

16. The tangible medium recited in claim 15, Wherein said 
series of data transfer operation instructions identi?es and 
maps a set of buffers in the input/output unit Which are 
utiliZed When performing the data transfer. 

17. The tangible medium recited in claim 16, Wherein the 
set of buffers are unmapped after the reply message is sent 
to said host device. 
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18. The tangible medium recited in claim 15, Wherein the 
data transfer is made over a virtual interface betWeen the 
input/output unit and the network. 

19. The tangible medium recited in claim 18, Wherein the 
data is transferred directly betWeen the input/output unit and 
the memory of a host device over a virtual interface Without 
making an intermediate copy of the data. 

20. The tangible medium recited in claim 19, Wherein the 
input/output unit further comprises a softWare stack having 
transport layers to effectuate the transfer of data across the 
netWork and the translation of the message is transparent to 
the transport layers. 

21. A tangible medium storing a plurality of program 
instructions, said program instructions for translating a 
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message sent from a host device, said message specifying a 
requested data transfer and being formatted in accordance 
With a message passing protocol, into a corresponding series 
of data transfer operation instructions, said series of data 
transfer operation instructions being of a format other than 
said message passing protocol. 

22. The tangible medium recited in claim 21, further 
storing a plurality of programming instructions for creating 
a reply message and sending said reply message to said host 
device in a format according to said message passing 
protocol. 


