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(7) ABSTRACT

A method and system are disclosed for transferring large
data files over parallel connections. A file can be transferred
between a first application operating on a first system and a
second application operating on a second system. A plurality
of connections are established between the first application
and the second application. A send buffer is created to store
N segments of the file at the first system, N being an integer
greater than one. The N segments of the file are read into the
send buffer. Each segment in the buffer is sent on a corre-
sponding connection among the plurality of connections for
delivery to the second application. The number of connec-
tions can be selected by a user.
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METHOD AND SYSTEM FOR TRANSFERRING
LARGE DATA FILES OVER PARALLEL
CONNECTIONS

FIELD

[0001] This invention relates generally to data processing
systems, and, more particularly, to a method and system for
transferring large data files over parallel connections.

BACKGROUND

[0002] With the emergence of the Internet, large amounts
of information can be shared and distributed between any
number of interconnected users. The users can be remotely
located, spanning multiple continents. Typically, the users
store information in data files (“files”). Many user applica-
tions such as multimedia applications running on computing
systems distribute large files (e.g., multimedia files), which
can exceed one gigabyte in memory space. Distributing
large files between user applications over a network such as
the Internet can be problematic.

[0003] For instance, many Internet applications use the
Transfer Control Protocol/Internet Protocol (TCP/IP) layers
to send files separated as packets over the Internet. The IP
layer handles the actual delivery of the packets and the TCP
layer ensures that each packet is delivered and reordered
correctly for its destination application. To deliver packets,
TCP establishes a connection between two TCP endpoints,
defined by an IP address and a port number. An IP address
identifies a computing system and the port number identifies
an application operating within that computing system. Each
packet contains a sequence number. The sequence numbers
are used to acknowledge received packets and to reorder
correctly packets at a receiving end in the case of packets
being received out of order.

[0004] To ensure reliable delivery of packets, TCP must
receive acknowledgement that delivered packets were
received at a receiving end. In this process, TCP uses a
“sliding window” algorithm to dynamically calculate the
maximum number of unacknowledged (in-transit) packets to
allow before enacting flow control (preventing further
sends). The sliding window algorithm is designed to prevent
congestion while still allowing the window to grow large
enough to accommodate fast link speeds. Unfortunately, the
algorithm often treats latency induced by sending packets
large distances and latency induced by actual congestion
similarly as it is programmatically difficult to make a dis-
tinction between the two at the level on which TCP operates.

[0005] In particular, If a TCP connection experiences high
latency, TCP assumes congestion in which case TCP
decreases the size of the “window.” Furthermore, TCP may
also resend the packets if not acknowledged within a certain
period of time. However, in many instances, the TCP con-
nection is over a high speed connection line, but the receiv-
ing end is at a remote location, which can cause an inherent
latency in the delivery and acknowledgement of packets. For
example, an 8 mbps connection line used for sending
packets to a remote user will experience latency at the
receiving end that causes the overall throughput to be a small
fraction of the maximum possible due to the congestion
control mechanism of TCP. As such, applications may not be
able to utilize the full available bandwidth on a connection
line when sending large files.
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[0006] Another limitation with delivering large files over
high-speed connections is that the network throughput can
exceed the file input/output (I/O) capabilities in the sending
and receiving computing systems. For instance, multiple
memory devices may be required to store and buffer a large
file. If multiple memory devices are required to store or
buffer a large file, to seek the appropriate segments of the file
or location of the segment in memory can be time consum-
ing. Such file I/O processes can thus limit the throughput on
a high speed connection line. Therefore, delivering large
files at the maximum possible speed requires efficient file
I/O processes.

[0007] There exists, therefore, a need for an improved
method and system that overcome the limitations of trans-
ferring data files.

SUMMARY

[0008] According to one aspect of the invention, a method
is disclosed for transferring a file between a first application
operating on a first system and a second application oper-
ating on a second system. A plurality of connections are
established between the first application and the second
application. A send buffer is created to store N sequential
segments of the file at the first system, wherein N is an
integer greater than one. The N segments of the file are
stored into the send buffer. Each segment in the send buffer
is sent on a corresponding connection among the plurality of
connections for delivery to the second application.

[0009] According to another aspect of the invention, a
computing system is that includes first and second systems
operating first and second applications, respectively,
wherein a plurality of connections are established between
the first and second applications. The computing system also
includes a server coupled to the first and second systems on
the plurality of connections. The server receives segments of
a file from the first system on each of the connections, stores
the segments in a streaming file for each connection, and
streams the segments to the second system for each con-
nection.

[0010] Other features and advantages will be apparent
from the accompanying drawings, and from the detailed
description, which follows below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] The accompanying drawings, which are incorpo-
rated in and constitute a part of this specification, illustrate
exemplary embodiments implementations and, together
with the detailed description, serve to explain the principles
of the invention. In the drawings,

[0012] FIG. 1 illustrates an exemplary network and com-
puting system environment for practicing the invention;

[0013] FIG. 2 illustrates an exemplary block diagram of
internal components of a computing system;

[0014] FIG. 3 illustrates an exemplary application and
protocol layers within a computing system using parallel
connections and buffers;

[0015] FIG. 4 illustrates a flow diagram of a method for
sending data over parallel connections at a sending system;

[0016] FIG. 5 illustrates a flow diagram of a method for
receiving and forwarding data over parallel connections at a
server;
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[0017] FIG. 6 illustrates a flow diagram of a method for
receiving data from the server over parallel connections at a
receiving system; and

[0018] FIG. 7 illustrates an exemplary diagram of the data
flow over parallel connections between the sending system,
server, and receiving system.

DETAILED DESCRIPTION

[0019] Reference will now be made in detail to embodi-
ments and implementations, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0020] A. Overview

[0021] The disclosed techniques provide an efficient man-
ner of transferring data files (“files”), especially large files.
In one implementation, a file can be transferred between a
first application operating on a first system and a second
application operating on a second system. A plurality of
connections are established between the first application and
the second application. A send buffer is created to store N
segments of the file at the first system, wherein N is an
integer greater than one. The N segments of the file are read
into the send buffer. Each segment in the send buffer is sent
on a corresponding connection among the plurality of con-
nections for delivery to the second application. The number
of connections can be selected by a user.

[0022] Thus, by using parallel connections between appli-
cations, the maximum throughput increases N times per
connection over a connection line. This allows applications
to utilize the full available bandwidth on a connection line,
especially a high speed connection line, when sending data.
As a result, throughput on the connection line can be
optimized. Additionally, by segmenting a file and using a
corresponding connection for each segment stored in a
buffer, file I/O processes can be performed more efficiently.
Such a process also allows files to be efficiently recon-
structed at a receiving end. As detailed below, the following
embodiments and implementations overcome inefficiencies
in transferring large amounts of data (e.g., large files)
between applications on a network such as the Internet.

[0023] B. Exemplary Network and Computing System

[0024] FIG. 1 illustrates an exemplary network environ-
ment 100 for practicing the invention. Network environment
100 includes clients 104 and 106 connected to a server 108
via a network 102. Server 108 is connected to a database
150. Database 150 can store data files consistent with the
techniques disclosed herein. In one example, database 150 is
a database system including one or more storage devices.
Database 150 may store other types of information such as,
for example, configuration or storage use information. Net-
work 102 may represent one or more networks including a
local area network (LAN), or a wide area network (WAN)
such as the Internet. Network environment 100 is suitable
for network applications operating with standard file transfer
protocols such a FTP or other like protocols. Other protocols
that can be used in network environment 100 include file
system protocols such as SMB for Microsoft NT® file
systems, AFP for the Apple® Filer Protocol, or NFS for
Unix based systems.
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[0025] Clients 104 and 106 are computing devices or
systems such as personal computers or workstations. Clients
104 and 106 include network applications 110 and 112,
respectively. Network applications 110 and 112 can provide
interfaces such as, for example, a web browser to access and
send data between applications over network 102. Examples
of network applications 110 and 112 can include collabora-
tion applications such as the Rocket Delivery System by
Rocket Networks, Inc. Such applications can be configured
to transfer data or files using the file transfer techniques
described below. These techniques allow network applica-
tions 110 and 112 to establish multiple or parallel (“paral-
lel”) connections between each other for sending data or
files. In one embodiment, the parallel connections are mul-
tiple virtual connections established between network appli-
cations 104 and 106. Additionally, parallel connections can
be established between server 108 and clients 104 and 106.

[0026] Server 108 is a computing device such as, for
example, a personal computer, workstation, mini-main-
frame, or mainframe computer. In the example of FIG. 1,
server 108 provides store and forward functions for network
applications 110 and 112 on clients 104 and 106, respec-
tively. For example, in sending a file from client 104 to client
106, using the techniques disclosed herein, client 104 sends
data for each file to server 108, which stores the data and
then forwards the data to client 106. Thus, server 108
includes a file management module 116 (“module 116”) to
handle the store and forward functions. Module 116 can also
manage data or files and/or updates or changes to the data or
files for network applications 110 and 112. Module 116 can
be software and/or hardware to implement techniques dis-
closed herein. Module 116 can also have multiple or parallel
connections established between network applications 110
and 112.

[0027] The manner of transferring data or files between
network applications 110 and 112 operating on clients 104
and 106, respectively, over parallel connections will be
described in further detail below. Furthermore, the manner
of file management module 116 to handle store and forward
functions for network applications 110 and 112 over parallel
connections will also be described below.

[0028] FIG. 2 illustrates an exemplary block diagram of
internal components of a computing system 200. These
components may represent the internal components of cli-
ents 104 and 106 or server 108 shown in FIG. 1, and can be
used to perform the file transfer techniques described in
FIGS. 4-6.

[0029] Computing system 200 includes several compo-
nents all interconnected via a system bus 202. System bus
202 can be bi-directional system bus having thirty-two data
and address lines for accessing a memory 265 and a cache
memory 260 for transferring and storing data or files for
computing system 200 or from other computing systems.
Alternatively, multiplexed data/address lines may be used
instead of separate data and address lines.

[0030] Examples of memory 265 or cache memory 260
include a random access memory (RAM), read-only
memory (ROM), video memory, flash memory, or other
appropriate memory devices. Additional memory devices
(not shown) may be included in computing system 200 such
as, for example, fixed and removable media (including
magnetic, optical, or magnetic optical storage media). These
types of media may also operate as a cache memory.
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[0031] Computing system 200 may communicate with
other computing systems (e.g., server 108 or clients 104 and
106) via a network interface 285. Examples of network
interface 285 include Ethernet, telephone, or broadband
connection interfaces. Computing system 200 includes a
central processing unit (CPU) 255, examples of which
include the Pentium® family of microprocessors manufac-
tured by Intel® Corporation. However, any other suitable
microprocessor, micro-, mini-, or mainframe type processor
may be used as the CPU for the computing system 200. CPU
2585 provides the support for storing and transferring files to
carry out the file transfer techniques described herein.

[0032] Memory 265 may store instructions or code for
implementing programs, applications, or modules (e.g., net-
work applications 110 and 112 and file management module
116) and an application programming interface (API) to one
or more other programs or operating systems. For example,
CPU 355 may execute instructions for network applications
110 and 112 or file management module 116 to perform the
file transfer techniques disclosed herein. Memory 265 also
stores an operating system, examples of which can include
the Microsoft® family of operating systems, Linux operat-
ing system, or other appropriate operating systems that
provide networking capabilities.

[0033] Cache memory 260 may store data or files for
sending and receiving to and from other computing systems.
Computing system 200 may also receive input data or
instructions from any number of input/output (I/O) devices
via I/O interface 270. Examples of I/O devices may include
a keyboard, pointing device, or other appropriate input
devices. The I/O devices may also include external storage
devices or computing systems or subsystems. Computing
device 200 may also present information data or information
via, e.g., a browser, on a display 280.

[0034] FIG. 3 illustrates an exemplary application and
service model 302 (“model 302”) using parallel connections
and buffers for clients 104 and 106 or server 108 in FIG. 1.
The example model 302 is for applications operating on the
Internet using TCP/IP protocol layers. Nevertheless, model
302 can be implemented for an open standard interface
(OSI) model for different types of networks and protocols
that allow for parallel connections between applications.

[0035] Referring to FIG. 3, model 302 includes applica-
tions layer 311, TCP layer 312, IP layer 313, and data link
layers 314. The TCP layer 312, IP layer 313, and data link
layers 314 provide services for applications layer 311.
Applications layer 311 includes applications operating on
clients 104 and 106 and server 108. Thus, applications layer
311 can refer to network applications 110 and 112 and file
management module 116.

[0036] TCP layer 312 segments data for application layer
into packets for delivery to a destination application on a
computing system. TCP layer 312 also receives packets
from a sending application and delivers data from the
packets to application layer 311. TCP layer 312 also pro-
vides reliable packet transfer services by performing error-
checking and ensuring all packets have been received by the
destination application, which can include using the “sliding
window” algorithm. For example, TCP layer 312 operating
on client 104 will ensure that packets for delivery to network
application 112 operating on client 106 are received by
network application 112 or client 106.
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[0037] TCP layer 312 uses sequence numbers for
acknowledging and reordering the packets. As such, TCP
layer 312 operating on client 106 can send acknowledge-
ments of the packets. As described below, TCP layer 312 can
send a set number of packets or window per connection on
multiple or parallel connections to a destination application.
IP layer 313 provides routing and forwarding functions so
that a packet can reach its destination using an optimal path.
This layer can use any number of routing tables to determine
the nodes to send packets. Each packet can have an IP
address for a destination computing system. Data link layers
314 provide services handling the actual transfer of the
packets on a physical connection. The physical connection
can be a wired or wireless connections using standard data
link communication protocols.

[0038] In the example of FIG. 3, a plurality of connec-
tions or parallel connections can be established between
applications at TCP layer 312. This example shows N=5,
wherein N can be an integer greater than one. TCP layer 312
establishes parallel TCP connections from client applica-
tions and/or to server applications. For example, file man-
agement module 116 operating on server 108 can listen for
TCP connection requests on its well-known IP address and
single well-known port number.

[0039] Moreover, to establish N parallel connections, a
client application (e.g., network application 110) selects N
discrete unused port numbers on the client system. These
client port numbers must be unique within the space of valid
and unused port numbers on the client system. The actual
values of the port numbers can be random. The client system
can then initiate the standard TCP connection sequence for
each of the N parallel connections. The server application,
e.g., file management module 116, can accept these connec-
tion requests and process all N per-connection data transfers
independently and concurrently.

[0040] The TCP layer 312 can operate with a plurality of
TCP buffers 306. TCP buffers 306 includes a number of
sub-buffers equal to N. As shown, TCP buffers 306 includes
B1 through BS sub-buffers. The number of sub-buffers and
N can be configured or adjusted by a user. As detailed below,
a file 304 can be segmented into a set number of bytes (e.g.,
“READCHUNK?”). As shown, each segment 1 through 5 is
stored in a corresponding sub-buffer B1 through BS. Each of
these segments 1 through 5 and sub-buffers B1 through BS
have a corresponding connection. The data in sub-buffers B1
through BS are sent on the corresponding connections to a
destination computing system, which can include client 106
and/or server 108. The process of sending or transferring
data of files is detailed below regarding the methods of
FIGS. 4-6.

[0041] C. File Transfer Techniques

[0042] The following methods of FIGS. 4-6 illustrate file
transfer techniques over parallel connections between appli-
cations such as network applications 110 and 112. For
purposes of explanation, with reference to diagram 700 of
FIG. 7, the following methods are described for transferring
a data file 702A at client 104 to client 106 via server 108
over parallel connections. Conversely, a data file can be sent
in the opposite direction from client 106 to client 104 via
server 108. In this manner, each client 104 and client 106 can
include both a send and receive buffer.

[0043] Additionally, these examples are described with
N=4 connections having been established between network
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applications 110 and 112 operating on clients 104 and 106
and with file management module 116 operating on server
108. Nevertheless, the following methods can be imple-
mented with N number of connections where N is greater
than one. The connections can include transfer control
protocol (TCP) connections described above.

[0044] FIG. 4 illustrates a flow diagram of a method 400
for sending data over N=4 parallel connections at client 104
(sending system). This method can be performed by network
application 110 operating on client 104.

[0045] Initially, a send buffer 704 is created to store
NxREADCHUNK of a data file 702A (step 402). In one
example, send buffer 704 can be a 1 MB buffer storing N=4
256K segments of data file 702A. Send buffer 704 includes
four sub-sections Bl through B4 to store N=4 READ-
CHUNK segments of data file 702A. NxREADCHUNK
segments of data file 702A are read or stored into send buffer
704 (step 404). Each stored READCHUNK segment in
sub-buffers B1 through B4 is sent on one of the N=4 parallel
connections to server 108 (step 404). In this step, for each
connection, READCHUNK segments in sub-buffers B1
through B4 can be read and sent independently of the other
connections. For example, for connection 1, READCHUNK
segment 1 of data file 702A would be stored in sub-buffer B1
of send buffer 704 and READCHUNK segment 1 would be
sent to server 108 on connection 1. The process of storing
and forwarding each READCHUNK segment of data file
702A from client 104 by server 108 is described in FIG. 5.

[0046] A check is then made to determine if the last
READCHUNK segment of data file 702A has been sent. If
it has not, method 400 continues back to step 404 to continue
reading and sending READCHUNK segments of data file
702A to server 108. If the last READCHUNK segment has
been sent, method 400 ends. This process can be performed
while methods 500 and 600 are being performed by server
108 and client 108. Furthermore, while each READCHUNK
segment of data file 702A is being sent on a respective
connection, standard TCP congestion protocols can be
implemented on a per connection basis.

[0047] FIG. 5 illustrates a flow diagram of a method 500
for receiving and forwarding READCHUNK segments of
data file 702A over the N=4 connections. This method can
be performed by file management module 112 at server 108.

[0048] Initially, server 108 allocates memory to create
N=4 stream files 706, through 706,. That is, if there are N
connections server 108 will create N stream files. Each of
these stream files stores incoming READCHUNK segments
from a corresponding connection. Alternatively, stream buff-
ers, e.g., FIFO buffers, can be created or used to store
incoming READCHUNK segments. For example, stream
file 706, stores READCHUNK segments stored in B1 sub-
buffer of send buffer 704. For each READCHUNK segment
received on a connection, the READCHUNK segment is
appended to the appropriate stream file (step 504). For
example, stream file 706, will append the second READ-
CHUNK segment received on connection 1 after the first
READCHUNK segment has been stored in stream file 706, .

[0049] Next, the READCHUNK segments stored in the
stream files 706, through 706, can be “streamed out,” i.c.,
transmitted, to client 106 (step 506). In this step, for each
connection, the streaming of READCHUNK segments can
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be performed independently. For example, stream buffer
706, can stream out READCHUNK segments before stream
buffer 706,. A check is then made to determine if the last
READCHUNK segment of data file 702A has been streamed
out. If has not, method 500 continues to step 504 and
continues appending and streaming out READCHUNK seg-
ments from streaming files 706, through 706,. If the last
READCHUNK segment of data file 702A has been streamed
out, method 500 ends. This process can be performed while
methods 400 and 600 are being performed by clients 104 and
106, respectively.

[0050] FIG. 6 illustrates a flow diagram of a method 600
for receiving data from server 108 over N=4 parallel con-
nections at client 106 (receiving system). This method can
be performed by network application 112 operating on client
106.

[0051] Initially, a receive buffer 706 is created to store
N=4 READCHUNK segments from stream files 706,
through 706, respectively, from server 108 on client 106
(step 602). Receive buffer 706 can be configured in the same
manner is send buffer 704. Receive buffer 706 includes four
sub-buffers B1 through B4 to store N=4 READCHUNK
segments of data file 702A that are streamed out of stream
files 706, through 706,, respectively. Received READ-
CHUNK segments from server 108 are store in respective
sub-buffers B1 through B4 based on the received connection
(step 604). For example, READCHUNK segment 1 in
stream file 706, received on connection 1 is stored in
sub-buffer B1 in receive buffer 706.

[0052] Next, the READCHUNK segments in receive
buffer 706 are ordered into data file 702B to match the order
in data file 702A (step 606). In this step, data file 702B can
be persisted in one or more memory devices. A check is then
made to determine if the last READCHUNK segment of
data file has been received. If it has not, method 600
continues back to step 604 to continue receiving and order-
ing READCHUNK segments from server 108. If the last
READCHUNK segment has been received and ordered in
data file 702B, method 600 ends. This process can be
performed while methods 400 and 500 are being performed
by client 104 and server 108. Furthermore, while each
READCHUNK segment is being received at client 106,
standard TCP congestion protocols can be implemented on
a per connection basis for client 106.

[0053] Thus, a method and system for transferring large
data files over parallel connections have been described.
Furthermore, while there has been illustrated and described
what are at present considered to be exemplary embodi-
ments, implementations, and methods of the present inven-
tion, various changes and modifications can be made, and
equivalents can be substituted for elements thereof, without
departing from the true scope of the invention. In particular,
modifications can be made to adapt a particular element,
technique, or implementation to the teachings of the present
invention without departing from the spirit of the invention.

[0054] In addition, the described embodiments and imple-
mentations comprise computing systems, which can run
software to implement the methods, steps, operations, or
processes described herein. Other embodiments of the
invention will be apparent from consideration of the speci-
fication and practice of the invention disclosed herein.
Therefore, it is intended that the specification and examples
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be considered as exemplary only, with a true scope and spirit
of the invention being indicated by the following claims.

What is claimed is:

1. A method for transferring a file between a first appli-
cation operating on a first system and a second application
operating on a second system, the method comprising:

establishing a plurality of connections between the first
application and the second application;

creating a send buffer to store N segments of the file at the
first system, N being an integer greater than one;

storing N segments of the file into the send buffer; and

sending each segment in the buffer on a corresponding
connection among the plurality of connections for
delivery to the second application.

2. The method of claim 1, wherein sending each segment
includes sending each segment on each connection indepen-
dently of the other connections.

3. The method of claim 1, further comprising:

creating N streaming files for the N connections at a
server;

appending each segment on the N connections from the
first system to a corresponding streaming file for the N
connections; and

streaming the segments in the N streaming files to the

second system on the N connections.

4. The method of claim 3, wherein streaming the segments
includes streaming the segments on each connection inde-
pendently of the other connections.

5. The method of claim 3, further comprising:

creating a receive buffer to store N segments of the file at
the second system;

storing streamed segments from the server in the receive
buffer for each connection; and

ordering the segments in the buffer for delivery to the

second application.

6. The method of claim 5, wherein storing streamed
segments includes storing the streamed segments for each
connection independently of the other connections.

7. The method of claim 1, wherein establishing a plurality
of connections includes establishing a plurality of transfer
control protocol (TCP) connections.

8. A computing system comprising:

first and second systems operating first and second appli-
cations, respectively, and connected by a plurality of
connections established between the first and second
applications; and

a server coupled to the first and second systems on the
plurality of connections, the server receiving segments
of a file from the first system on each of the connec-
tions, storing the segments in a streaming file for each
connection, and streaming the segments to the second
system for each connection.

9. The computing system of claim &, wherein the first
system establishes a plurality of connections between the
first application and the second application, creates a send
buffer to store N segments of the file at the first system, N
being an integer greater than one, and stores N segments of
the file into the send buffer, and sends each segment in the
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buffer on a corresponding connection among the plurality of
connections for delivery to the second application.

10. The computing system of claim 9, wherein the first
system sends each segment on each connection indepen-
dently of the other connections.

11. The computing system of claim 8, wherein the server
creates N streaming files for the N connections, appends
each segment on the N connections from the first system to
a corresponding streaming file for the N connections, and
streams the segments in the N streaming files to the second
system on the N connections.

12. The computing system of claim 11, wherein the server
streams the segments to the second system on each connec-
tion independently of the other connections.

13. The computing system of claim 11, wherein the
second system creates a receive buffer to store N segments
of the file at the second system, stores streamed segments
from the server in the receive buffer for each connection, and
orders the segments in the receive buffer for delivery to the
second application.

14. The computing system of claim 13, wherein the
second system stores streamed segments for each connection
independently of the other connections.

15. The computing system of claim &, wherein the first
system establishes a plurality of transfer control protocol
(TCP) connections.

16. A client system comprising:

a buffer to store a plurality of Nxsegments of a data file,
N being an integer greater than one; and

an first application to establish a plurality connections
with a second application operating on a remote system
and to transmit each of the Nxsegments on a corre-
sponding connection among the plurality of connection
for delivery to the second application.

17. The client system of claim 16, wherein the first
application transmits each segment on each connection
independently of the other connections.

18. The client system of claim 17, wherein the buffer
stores streamed segments for each connection from a server.

19. The client system of claim 18, wherein the first
application reorders the streamed segments for a data file.

20. The client system of claim 18, wherein the buffer
stores the streamed segments for each connection indepen-
dently of the other connections.

21. The client system of claim 16, wherein the plurality of
connections include transfer control protocol (TCP) connec-
tions.

22. A server comprising:

a plurality of N buffers to store N segments of a data file
from N connections, N being an integer greater than
one, and each connection being established to transfer
packets from a first application to a second application;
and

a file management module to mange the N buffers and to
stream out the N segments received from the first
application to the second application on the N connec-
tions.
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23. The server of claim 22, the buffer stores segments one
each connection independently of the other connections.

24. The server of claim 22, wherein the file management
module creates N streaming files for the N connections,
appends each segment on the N connections from the first
application to a corresponding streaming file for the N
connections, and streams the segments in the N streaming
files to the second application on the N connections.
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25. The server of claim 22, wherein the file management
module streams the segments on each connection indepen-
dently of the other connections.

26. The server of claim 22, wherein the plurality of
connections include transfer control protocol (TCP) connec-
tions.
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