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METHOD AND APPARATUS FOR NETWORK 
TRANSPORT INDEPENDENCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to computer network com 
munications, and more speci?cally to a method and appa 
ratus for netWork transport independence. 

[0003] Portions of the disclosure of this patent document 
contain material that is subject to copyright protection. The 
copyright oWner has no objection to the facsimile reproduc 
tion by anyone of the patent document or the patent disclo 
sure as it appears in the Patent and Trademark Office ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. 

[0004] 2. Background Art 

[0005] Computers are used to send and receive data With 
other computers. The Internet is one example of a transport 
mechanism and other examples include local area netWorks 
(LANs) and Wide area netWorks Using a netWork, 
a softWare application (a sender) that resides on one com 
puter system can exchange information With another appli 
cation (a receiver) that resides on a remote computer system, 
for example. Information is sent via a netWork in the form 
of a message. A communication protocol speci?es the for 
mat of a message. 

[0006] There are different types of communication proto 
cols each of Which has a unique message format. For 
example, asynchronous transfer mode (ATM), hypertext 
transfer protocol (HTTP), user datagram protocol (UDP), 
transmission control protocol (TCP) and real time transport 
protocol (RTP) each have its oWn message format. 

[0007] In a netWork environment, it may be necessary for 
the sender and/or receiver to be able to understand more than 
one communication protocol’s message format. For 
example, a receiver may receive messages from different 
senders that have different message formats. Further, a 
single message may be composed using multiple message 
format. For example, an RTP message may be embedded in 
a TCP message. The receiver must be able to understand 
both the TCP and RTP message formats to extract the data 
contained in the message. 

[0008] To process a message, a softWare application must 
include one or more modules that can parse the message 
format and extract the information contained in the message. 
Such modules are needed for each message format that the 
softWare application is likely to encounter. This adds to the 
complexity of the softWare application Which negatively 
impacts the development and maintenance costs associated 
With a softWare application. 

SUMMARY OF THE INVENTION 

[0009] Embodiments of the invention make the underlying 
transport mechanism transparent to the sender and/or 
receiver. Using embodiments of the invention, it is not 
necessary for a sender or receiver to interface With the 
transport mechanism. Messages are received in a single 
format Which eliminates the need for the sender or receiver 
to accommodate multiple message formats. 
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[0010] A socket mechanism implements bi-directional 
transmissions and acts as a buffer betWeen the sender or 
receiver and the underlying transport mechanism. The 
socket mechanism interfaces With a transport delivery 
mechanism that receives packets from the physical netWork. 
The socket forWards messages received from the transport 
delivery mechanism to a message processor. Further, the 
socket forWards messages from the message processor to the 
transport delivery mechanism. The transport delivery 
mechanism removes the transport header from messages 
received off the netWork and adds a transport header to 
messages to be sent over the netWork. 

[0011] In one embodiment of the invention, the socket 
mechanism is comprised of a data channel and a control 
channel such as those used in an RTP environment. Both the 
data channel and the control channel include an input stream 
and an output stream. The input and output streams are push 
data streams such that the data sender (an originator of the 
data located on the same or a different host) initiates and 
controls the How of the data being transmitted. The socket 
mechanism interfaces With an RTP session manager 
(RTPSM), that acts as a message processor in this embodi 
ment, and the transport delivery mechanism 

[0012] Aset of object classes are used in one embodiment 
of the invention to implement the socket mechanism com 
prised of data and control channels. An RTPIODataSource 
object class implements the control channel. A subclass of 
the RTPIODataSource object class, an RTPSocket class, 
implements the data channel. The RTPIODataSource and 
RTPSocket provide bi-directional data flow that can receive 
data for as Well as receive data from the RTPSM. 

[0013] The data and control channels each contain an 
output stream that implement a PushSourceStream interface 
and an input stream that implements a PushDestStream 
interface. The output stream sources data from the underly 
ing transport mechanism to the RTPSM While the input 
stream receives data from the RTPSM and forWards it to the 
underlying delivery mechanism. In this manner all details of 
the underlying transport are hidden from the RTPSM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a block diagram of an embodiment of a 
computer system capable of providing a suitable execution 
environment for an embodiment of the invention. 

[0015] FIG. 2 illustrates an overvieW of message How and 
message processing according to an embodiment of the 
invention. 

[0016] FIG. 3 illustrates an overvieW of an RTP environ 
ment according to an embodiment of the invention. 

[0017] FIG. 4 provides an illustration of a socket com 
prising a data channel and a control channel according to an 
embodiment of the invention. 

[0018] FIG. 5 provides a process flow for sending/receiv 
ing messages according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] A method and apparatus for netWork transport 
independence is described. In the folloWing description, 
numerous speci?c details are set forth in order to provide a 
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more thorough description of the present invention. It Will be 
apparent, hoWever, to one skilled in the art, that the present 
invention may be practiced Without these speci?c details. In 
other instances, Well-knoWn features have not been 
described in detail so as not to obscure the invention. 

[0020] Embodiment of Computer Execution Environment 
(HardWare) 
[0021] An embodiment of the invention can be imple 
mented as computer softWare in the form of computer 
readable program code executed on a general purpose com 
puter such as computer 100 illustrated in FIG. 1. Akeyboard 
110 and mouse 111 are coupled to a bi-directional system 
bus 118. The keyboard and mouse are for introducing user 
input to the computer system and communicating that user 
input to central processing unit (CPU) 113. Other suitable 
input devices may be used in addition to, or in place of, the 
mouse 111 and keyboard 110. I/O (input/output) unit 119 
coupled to bi-directional system bus 118 represents such I/O 
elements as a printer, A/V (audio/video) I/O, etc. 

[0022] Computer 100 includes a video memory 114, main 
memory 115 and mass storage 112, all coupled to bi 
directional system bus 118 along With keyboard 110, mouse 
111 and CPU 113. The mass storage 112 may include both 
?xed and removable media, such as magnetic, optical or 
magnetic optical storage systems or any other available mass 
storage technology. Bus 118 may contain, for example, 
thirty-tWo address lines for addressing video memory 114 or 
main memory 115. The system bus 118 also includes, for 
example, a 32-bit data bus for transferring data betWeen and 
among the components, such as CPU 113, main memory 
115, video memory 114 and mass storage 112. Alternatively, 
multiplex data/address lines may be used instead of separate 
data and address lines. 

[0023] In one embodiment of the invention, the CPU 113 
is a microprocessor manufactured by Motorola®, such as the 
680X0 processor or a microprocessor manufactured by 
Intel®, such as the 80X86, or Pentium® processor, or a 
SPARC® microprocessor from Sun Microsystems®. HoW 
ever, any other suitable microprocessor or microcomputer 
may be utiliZed. Main memory 115 is comprised of dynamic 
random access memory (DRAM). Video memory 114 is a 
dual-ported video random access memory. One port of the 
video memory 114 is coupled to video ampli?er 116. The 
video ampli?er 116 is used to drive the cathode ray tube 
(CRT) raster monitor 117. Video ampli?er 116 is Well knoWn 
in the art and may be implemented by any suitable appara 
tus. This circuitry converts pixel data stored in video 
memory 114 to a raster signal suitable for use by monitor 
117. Monitor 117 is a type of monitor suitable for displaying 
graphic images. 

[0024] Computer 100 may also include a communication 
interface 120 coupled to bus 118. Communication interface 
120 provides a tWo-Way data communication coupling via a 
netWork link 121 to a local netWork 122. For example, if 
communication interface 120 is an integrated services digital 
netWork (ISDN) card or a modem, communication interface 
120 provides a data communication connection to the cor 
responding type of telephone line, Which comprises part of 
netWork link 121. If communication interface 120 is a local 
area netWork (LAN) card, communication interface 120 
provides a data communication connection via netWork link 
121 to a compatible LAN. Wireless links are also possible. 
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In any such implementation, communication interface 120 
sends and receives electrical, electromagnetic or optical 
signals Which carry digital data streams representing various 
types of information. 

[0025] NetWork link 121 typically provides data commu 
nication through one or more netWorks to other data devices. 
For example, netWork link 121 may provide a connection 
through local netWork 122 to host computer 123 or to data 
equipment operated by an Internet Service Provider (ISP) 
124. ISP 124 in turn provides data communication services 
through the World Wide packet data communication netWork 
noW commonly referred to as the “Internet”125. Local 
netWork 122 and Internet 125 both use electrical, electro 
magnetic or optical signals Which carry digital data streams. 
The signals through the various netWorks and the signals on 
netWork link 121 and through communication interface 120, 
Which carry the digital data to and from computer 100, are 
exemplary forms of carrier Waves transporting the informa 
tion. 

[0026] Computer 100 can send messages and receive data, 
including program code, through the netWork(s), netWork 
link 121, and communication interface 120. In the Internet 
example, server 126 might transmit a requested code for an 
application program through Internet 125, ISP 124, local 
netWork 122 and communication interface 120. In accord 
With the invention, one such doWnloaded application is the 
Method and Apparatus for NetWork Transport Independence 
described herein. 

[0027] The received code may be executed by CPU 113 as 
it is received, and/or stored in mass storage 112, or other 
non-volatile storage for later execution. In this manner, 
computer 100 may obtain application code in the form of a 
carrier Wave. 

[0028] The computer system described above is for pur 
poses of example only. An embodiment of the invention may 
be implemented in any type of computer system or pro 
gramming or processing environment. 

[0029] OvervieW 

[0030] Information can be transmitted using a transport 
mechanism that consists of a physical netWork and a pro 
tocol for transmitting a message via the physical netWork. 
The physical netWork can be, for example, a local area 
netWork (LAN), Wide area netWork or the Internet. 
A communication protocol speci?es the format of the mes 
sage that is sent over the netWork. A message format is 
standardiZed such that both a sending softWare application 
(sender) and a receiving softWare application (recipient) can 
interpret a message generated using a communication pro 
tocol’s message format. 

[0031] Before a message can be sent, the sender generates 
a message using a message format. A message typically 
contains a header portion and a data portion. The header 
includes information about the data portion such as the 
data’s type and length. The header may also include infor 
mation that identi?es the source and/or destination of the 
message (e.g., netWork address) and sequencing information 
(i.e., the number of the message in a series of messages). The 
receiver may use the header information to determine 
Whether the message is intended for the receiver. If so, the 
receiver can use the header to extract the data and, if the data 
is part of some larger piece of data, combine the data. 
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[0032] There are different types of communication proto 
cols each of Which has a unique message format. For 
example, asynchronous transfer mode (ATM), hypertext 
transfer protocol (HTTP), user datagram protocol (UDP), 
transmission control protocol (TCP) and real time transport 
protocol (RTP) each have its oWn message format. 

[0033] In a netWork environment, it may be necessary for 
the sender and/or receiver to be able to understand more than 
one communication protocol’s message format. For 
eXample, a receiver may receive messages from different 
senders that have different message formats. Further, a 
single message may be composed using multiple message 
format. For eXample, an RTP message embedded in a TCP 
message. The receiver must be able to understand both the 
TCP and RTP message formats to eXtract the data contained 
in the message. 

[0034] Embodiments of the invention make the underlying 
transport mechanism transparent to the sender and/or 
receiver. Using embodiments of the invention, it is not 
necessary for a sender or receiver to interface With the 
transport mechanism. Amessage is alWays in a single format 
Which eliminates the need for the sender or receiver to 
understand multiple message formats. FIG. 2 illustrates an 
overvieW of message How and message processing accord 
ing to an embodiment of the invention. 

[0035] Network 210 is the physical netWork such as a 
LAN, WAN or the Internet. NetWork packet 206 is a 
message that is being transmitted via netWork 210. If net 
Work packet 206 is a message that is received from netWork 
210, it is received by transport delivery module 204. If 
netWork packet 206 comprises multiple protocols such as 
When one packet is embedded Within another packet (e. g., an 
RTP packet is embedded Within an ATM packet), transport 
delivery 204 eXtracts the inner packet embedded Within the 
outer packet. 

[0036] The message is forWarded from transport delivery 
204 to socket 208. Socket 208 represents a tWo-Way data 
message transmitter that provides a buffer betWeen message 
processor 202 and the underlying transport mechanism. 
Message processor 202 can be either a sender or receiver of 
messages, or both. To receive a message from netWork 210, 
transport delivery 204 removes the transport header and 
forWards the RTP packet to socket 208 Which forWards it to 
a message processor 202. 

[0037] If message processor 202 generates a message, it 
sends the message to socket 208 Which forWards the mes 
sage to transport delivery 204. Transport delivery 204 cre 
ates netWork packet 206 from the message (e.g., embeds the 
message Within a transport header) and sends it out on 
netWork 210. 

[0038] There can be multiple instances of transport deliv 
ery 204 each of Which is capable of generating netWork 
packet 206 using a communication protocol’s message for 
mat. A connection is formed betWeen transport delivery 204 
and an instance of socket 208. A connection is also created 
betWeen an instance of socket 208 and an instance of 
message processor 202. 

[0039] In one embodiment of the invention, socket 208 is 
an RTPSocket that interfaces With transport delivery 204 and 
message processor 202 to process RTP messages. In this 
embodiment, message processor 202 acts as an RTP session 
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manager. During an RTP session real time data such as audio 
or video data is generated, for eXample. An RTP packet 
contains the real time data (i.e., a data portion of the RTP 
packet) and a header portion. 

[0040] The header portion includes payload information 
that identi?es the type of real time data contained in the RTP 
packet. The payload information can specify that the RTP 
packet contains video data, for eXample. Video data that 
constitutes a movie, for eXample, can be contained in 
multiple RTP packets. The header portion of the RTP packet 
also includes sequencing information that identi?es the 
order in Which each packets data portion is to be replayed. 

[0041] FIG. 3 illustrates an overvieW of an RTP environ 
ment according to an embodiment of the invention. RTP 
session manager (RTPSM) 302 manages the operations 
involved in the creation and/or output of real time data. For 
eXample, RTPSM 302 manages the How of the real time data 
to media player 320 for output to a display. Further, RTPSM 
302 forWards RTP packets received from RTPSocket 308 to 
depacketiZer 322 to eXtract the real time data and assemble 
the data into data frames. The data frames are forWarded to 
RTPSM 302 Which forWards them to media handler 320. 

[0042] In one embodiment of the invention, before an 
instance of RTPSM 302 is created to manage each real time 
data session an RTPSocket 308 instance is created and its 
content type is set (e.g., RTP raW audio or RTP raW video). 
RTPSocket 308 is handed to media manager 324 Which 
creates an instance of RTPSM 302 based on the content type 
speci?ed in RTPSocket 308. For eXample, if the content type 
indicates that the data contained in the RTP packet is video 
data, an instance of RTP session manager 324 that is capable 
of managing the video data is created. Media manager 324 
provides proXy 326 to RTPSM 302 as a handle to RTPSocket 
308. 

[0043] NetWork 210 transmits netWork packet 206 to 
transport delivery 204. NetWork packet 206 includes an 
embedded RTP packet inside another packet (e.g., an ATM, 
HTTP, UDP or TCP packet). Transport delivery 204 receives 
the incoming netWork packet 206 and removes the transport 
header portion of netWork packet 206 to generate an RTP 
packet. 
[0044] The incoming RTP packet is forWarded to RTP 
Socket 308 Which forWards it to RTPSM 302. RTPSM 302 
sends the RTP packet received from netWork 210 via RTP 
Socket 308 to depacketiZer 322 to eXtract the incoming real 
time data and assemble the data frame. The assembled data 
frame is sent back to RTPSM 302 Which forWards it to media 
player 320 for display. 

[0045] An outgoing data frame is processed in the reverse 
manner. A data frame is received by RTPSM 302 and 
forWarded to packetiZer 332 for inclusion in one or more 
RTP packets. An outgoing RTP packet is sent back to 
RTPSM 302 and then forWarded by RTPSM 302 to RTP 
Socket 308. RTPSocket 308 forWards the outgoing RTP 
packet to transport delivery 204 to generate netWork packet 
206 (e.g., add a transport header such as a UDP, HTTP or 
ATM header) Which is sent out over netWork 210. 

[0046] An RTP message can be either a control message 
that contains control information or a data message that 
contains data (e.g., video or audio data). RTPSocket 308 
includes both a data channel for forWarding data messages 
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and a control channel for forwarding control messages. FIG. 
4 provides an illustration of a socket comprising a data 
channel and a control channel according to an embodiment 
of the invention. 

[0047] Data channel 402 of RTPSocket 308 transmits RTP 
data packets betWeen RTPSM 302 and netWork 210 via 
transport delivery 204. RTPSocket 308’s control channel 
404 transmits RTP control packets betWeen RTPSM 302 and 
netWork 210. Data channel 402 and control channel 404 
include output streams 406 and 410 (respectively) and input 
streams 408 and 412 (respectively). 

[0048] An RTP data packet received from netWork 210 is 
forWarded to RTPSM 302 via output stream 406 of RTP 
Socket 308’s data channel 402. An RTP data packet sent by 
RTPSM 302 is transmitted to netWork 210 via input stream 
408 of RTPSocket 308’s data channel 402. An RTP control 
packet is transmitted to netWork 210 from RTPSM 302 via 
input stream 412 of RTPSocket 308’s control channel 404. 
Output stream 410 of RTPSocket 308’s control channel 404 
forWards an RTP control packet from netWork 210 to 
RTPSM 302. 

[0049] Object-Oriented Programming Languages 

[0050] In one or more embodiments of the invention, 
RTPSocket 308 is implemented as a set of objects in an 
object-oriented programming language such as J ava®. 

[0051] Java is an object-oriented programming language. 
Object-oriented programming is a method of creating com 
puter programs by combining certain fundamental building 
blocks, and creating relationships among and betWeen the 
building blocks. The building blocks in object-oriented 
programming systems are called “objects.” An object is a 
programming unit that groups together a data structure 
(instance variables) and the operations (methods) that can 
use or affect that data. Thus, an object consists of data and 
one or more operations or procedures that can be performed 
on that data. The joining of data and operations into a unitary 
building block is called “encapsulation.” 

[0052] Object-oriented programming languages are pre 
dominantly based on a “class” scheme. A class provides a 
de?nition for an object that typically includes both instance 
variables and methods. An object class is used to create a 
particular instance of an object. An instance of an object 
class includes the variables and methods de?ned for the 
class. Multiple instances of a the same class can created 
from an object class. Each instance that is created from the 
object class is said to be of the same type or class. 

[0053] A hierarchy of classes can be de?ned such that an 
object class de?nition has one or more subclasses. A sub 
class inherits its parent’s (and grandparent’s etc.) de?nition. 
Each subclass in the hierarchy may add to or modify the 
behavior speci?ed by its parent class. 

[0054] In addition to the class hierarchy, some object 
oriented programming languages (e.g., Java) provide the 
ability to group object classes and de?ne a hierarchy among 
the groupings. For eXample, in Java, a package is a collec 
tion of classes. Packages can be nested to form a hierarchy. 

[0055] Data and Control Channel Classes 

[0056] A DataSource object class manages the transmis 
sion of information. In an embodiment of the invention, 
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information is transmitted as streams. ADataSource is either 
a pull DataSource or a push DataSource depending on 
Whether it manages a pull data stream or a push data stream. 
A pull data stream alloWs a data requester to initiate and 
control the How of data transferred via the pull data stream. 
With a push data stream, the data sender initiates data 
transfer and controls the How of data transferred via the push 
data stream. A push DataSource is typically used for real 
time data such as video-on-demand (VOD) data. 

[0057] In an embodiment of the invention, data channel 
402 and control channel 404 are push DataSources that 
manage push data streams. Data channel 402 and control 
channel 404 are bi-directional DataSources. That is, data 
channel 402 and control channel 404 have an output data 
stream and an input data stream. Data that ?oWs in or out of 
data channel 402 or control channel 404 is a stream of bytes 
in the form of an RTP packet, for eXample. 

[0058] The folloWing table identi?es methods of a push 
DataSource object class referred to as an RTPIODataSource 
object class, according to an embodiment of the invention. 

Example RTPIODataSource Object Class Methods 

Method Description 

Sets boolean to true. 
Sets boolean to false. 
Retrieves the type description for the 
media provided via the DataSource. 
Identi?es the DataSource’s input stream. 
Identi?es the DataSource’s output stream. 
Get the collection of streams managed the 
DataSource. 
Speci?es Whether the DataSource has 
been started. 
Sets type description for media provided 
via the DataSource. 
Sets an input stream for the DataSource. 
Sets an output stream for the DataSource. 
Initiates data transfer. 
Stops data transfer. 

connect( ) 
disconnect( ) 
getContentType( ) 

getInputStream( ) 
getOutputStream( ) 
getStreams( ) 

isStarted( ) 

setContentType( ) 

setInputStream( ) 
setOutputStream( ) 
start( ) 
stop( ) 

[0059] Control channel 404 is an instance of the RTPIO 
DataSource object. Data channel 402 is an instance of an 
RTPSocket object class Which is a subclass of the RTPIO 
DataSource object class. Data channel 402 eXtends the 
methods of the RTPIODataSource object and implements a 
GetControlChannel method Which returns the identity of 
RTPSocket 308’s control channel (i.e., control channel 404). 
The folloWing table identi?es methods of the RTPSocket 
object class, according to an embodiment of the invention. 

Example RTPSocket Object Class Methods 

Method Description 

Sets boolean to true and calls the control 
channel’s connect method. 
Sets boolean to false and calls the control 
channel’s disconnect method. 
Retrieves the type description for the 
media provided via the DataSource. 
Returns the control channel associated 
With the data channel. 

connect( ) 

disconnect( ) 

getContentType( ) 

getControlChannel( ) 
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-continued 

Example RTPSocket Object Class Methods 

Method Description 

getInputStream( ) 
getOutputStream( ) 
getStreams( ) 

Returns the DataSource’s input stream. 
Returns the DataSource’s output stream. 
Get the collection of streams managed the 
DataSource. 
Speci?es whether the DataSource has 
been started. 
Sets media type description and calls 
same control channel method. 
Sets an input stream for the DataSource. 
Sets an output stream for the DataSource. 

isStarted( ) 

setContentType( ) 

setInputStream( ) 
setOutputStream( ) 
start( ) Initiates data transfer and calls same 

control channel method. 
stop( ) Stops data transfer and calls same 

control channel method. 

[0060] As part of its initialization, RTPSocket 308 creates 
an instance of RTPIODataSource for control channel 404. 
The control channel RTPIODataSource instance can be 
accessed via methods of the data channel RTPSocket 
instance. Methods of the data channel RTPSocket instance 
call similar methods on the control channel RTPIOData 
Source instance. For example, if a connect method call is 
invoked on the data channel RTPSocket instance, the 
method calls the connect method on the control channel 

RTPIODataSource instance. Similarly, disconnecting, start 
ing and stopping the RTPSocket will cause the same opera 
tion to be performed for the control channel RTPIOData 
Source instance. Thus, a single call to these methods on the 
RTPSocket instance results in an automatic call to the 
same-named method on the RTPIODataSource instance. In 

this embodiment, the setInputStream and setOutputStream 
methods are invoked separately for the RTPSocket (data 
channel) and RTPIODataSource (control channel) instances. 
[0061] Data Streams 
[0062] Output streams 406 and 410 and input streams 408 
and 412 transmit data in streams (e.g., once it is begun, the 
How of data is continuous). In one embodiment of the 
invention, data channel 402 and control channel 404 each 
contain an output stream that implements a PushSourceS 
tream interface and an input stream that implements a 
PushDestStream interface. The following table identi?es the 
methods of a pushSourceStream interface implemented by 
an output stream used in one embodiment. 

Embodiment of a pushSourceStream Interface 

Method Description 

endOfStream( ) Speci?es whether the end of the stream 
has been reached; It returns true, if there 
is no more data. 

Retrieves the type description for the 
media sent via this stream. 
Retrieves the size in bytes of the content 
on this stream, LENGTHiUNKNOWN is 
returned if the length is not known. 

getMinimumTransferSize( ) Returns the size of the buffer needed for 
the streaming transfer. 

getContentDescriptor( ) 

getContentLength( ) 
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Embodiment of a pushSourceStream Interface 

Method Description 

read( ) Reads a speci?ed number of bytes into a 
speci?ed buffer at a speci?ed location in 
the buffer. Returns the number of bytes 
read or —1 when the end of the media is 
reached. 
Speci?es the destination or data handler 
to which the data is to be transferred. 

setTransferHandler( ) 

[0063] The setTransferHandler method of output stream 
406 is called to register RTPSM 302 as the destination of the 
data being streamed by output stream 406, for example. The 
getMinimumTransferSize method can be called to determine 
the minimum size of the buffer needed to store the data 
stream. The getContentLength can be called to determine the 
size of the data that is to be streamed. To send the data, the 
read method is called and a buffer is speci?ed from which 
the data can be read. An offset at which the data is stored in 
the buffer and length of data to be read is also speci?ed. A 
“—1” value is returned when the end of the data is reached. 

[0064] Input streams 408 and 412 implement a pushDes 
tinationStream interface. The pushDestinationStream inter 
face implements a write method that speci?es the buffer 
from which input streams 408 and 412 copy the data (e.g., 
the data contained in the buffer is copied to a network 
buffer). The offset and length information speci?es the 
location at which and the amount of data to be written. 

[0065] Processing Flow Example 

[0066] The data channel 402 and control channel 404 
represent a two way data source. That is, data channel 402 
and control channel 404 act as a data source and a data sink 
for RTPSM 302. Both data channel 402 and control channel 
404 contain an output stream of type PushSourceStream 
(e.g., output streams 406 and 410, respectively) and an input 
stream of type PushDestStream (e.g., input streams 408 and 
412). An output stream acts as a source of data from the 
underlying transport to RTPSM 302. An input stream acts as 
a receiver of data from RTPSM 302 to the underlying 
transport. It is not necessary for RTPSM 302 to have 
knowledge of any of the aspects of the underlying transport. 

[0067] RTPSocket 308’s data channel 402 and control 
channel 404 are created to act as an interface for RTPSM 
302 to the underlying transport. In one embodiment of the 
invention, data channel 402 is created as an instance of 
RTPSocket 308 which creates an instance of RTPIOData 
Source for control channel 404. Input and output streams of 
data channel 402 and control channel 404 are speci?ed and 
a handle to the RTPSocket instance is handed to RTPSM 
302. 

[0068] To send a message to RTPSM 302 a client streams 
the message (e.g., control or data message) to RTPSocket 
308. RTPSocket 308 forwards the message to RTPSM 302. 
Similarly, RTPSM 302 streams a message (e.g., data or 
control) to RTPSocket 308 which forwards the message to 
the client. 

[0069] FIG. 5 provides a process How for sending/receiv 
ing messages according to an embodiment of the invention. 
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At step 502 the RTPSocket and RTPIODataSource instances 
are created. In this embodiment, the RTPSocket constructor 
invokes the RTPIODataSource constructor as part of the 
creation of the RTPSocket instance. At step 504, the input 
and output streams are set for the RTPSocket and RTPIO 
DataSource instances. At step 506, a handle to the RTP 
Socket instance is provided to RTPSM 302. At step 510, the 
start method is invoked for the RTPSocket and RTPIOData 
Source instances. In this embodiment, the start method of 
the RTPSocket instance invokes the start method of the 
RTPIODataSource instance. 

[0070] Steps 520-522 and 524-526 are used to transmit a 
message from and to RTPSM 302. If at step 512, an input 
message (i.e., a message being input to netWork 210 from 
RTPSM 302) is being transmitted, steps 524-526 are per 
formed. If it is an output message (i.e., a message that is 
output from netWork 210 to RTPSM 302), steps 520-522 are 
performed. If a stop operation is determined at step 514, a 
stop method of the RTPSocket instance is invoked Which 
invokes a stop method of the RTPIODataSource instance. 

[0071] To transmit a message on the netWork, RTPSM 302 
Writes the message to a data buffer at step 524. RTPSM 302 
calls a Write method of the output stream (e.g., output 
streams 406 or 410) specifying the data buffer and the 
location of the data Within the data buffer at step 526. 
Processing continues at step 512 to process any subsequent 
messages. 

[0072] To receive a message from the netWork, transport 
delivery 204 Writes the message to a data buffer at step 520. 
Transport deliver 204 calls a read method of the input stream 
(e.g., input steam 408 or 412) specifying the data buffer and 
the location of the data Within the data buffer at step 522. 
Processing continues at step 512 to process any subsequent 
messages. 

[0073] AppendiX A provides an eXample of an RTP over 
UDP player Which Will receive RTP UDP packets and stream 
them to an RTPSM using one or more embodiments of the 
invention. 

[0074] Thus, a method and apparatus for netWork trans 
port independence has been provided in conjunction With 
one or more speci?c embodiments. The invention is de?ned 
by the claims and their full scope of equivalents. 

APPENDIX A 

import javaX.media.rtp. *; 
import javaX.media.*; 
import javaX.media.protocol.*; 
import java.io.*; 
import java.net.*; 
import com.sun.media.ui.*; 

* A RTP over UDP player Which Will receive RTP UDP packets and 
stream 

* them to the IMF RTP Player or (RTPSM) Which is not aWare of the 
* underlying network/transport protocol 

public class GenericRTPPlayer{ 
// our main rtpsocket abstraction to Which We Will create and send 
// to the Manager for appropriate handler creation 
RTPSocket rtpsocket = null; 
// the control RTPIODataSource of the RTPSocket above 
RTPIODataSource rtcpsource = null; 
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// The GUI to handle our player 
PlayerWindoW playerWindoW; 
// The handler created for our RTP session, as returned by the 
Manager Player player; 
// maximum size of buffer for UDP receive from the sockets 
private int maXsiZe = 2000; 

public static void main(String[] args){ 
neW GenericRTPPlayerO; 

} 
public GenericRTPPlayer(){ 

// create the RTPSocket 
rtpsocket = neW RTPSocket(); 
// set its content type : rtpraW/video for a video session and 
// rtpraW/audio for an audio session 
rtpsocket.setContentType(“rtpraw/video”); 
// set the RTP Session address and port of the RTP data 
UDPHandler rtp = neW UDPHandler(“224.144.251.104”,49152); 
// set the above UDP Handler to be the sourcestream of the 
rtpsocket rtpsocket.setOutputStream(rtp); 
// set the RTP Session address and port of the RTCP data 
UDPHandler rtcp = neW 

UDPHandler(“224.144.251.104”,49153); 
// get a handle over the RTCP Datasource so that We can set 

// the sourcestream and deststream of this source to the rtcp 
// udp handler We created above. 
rtcpsource = rtpsocket.getControlChannel(); 
rtcpsource.setOutputStream(rtcp); 
rtcpsource.setInputStream(rtcp); 
// start & connect the RTP socket data source before creating 
// the player 
try{ 

rtpsocket.connect(); 
rtpsocket.start(); 
player = Manager.createPlayer(rtpsocket); 

} catch (NoPlayerEXception e){ 
System.out.println(e.getMessage()); 

catch (IOEXception e){ 
System.out.println(e. getMessage()); 

// send this player to out playerWindoW 
playerWindoW = neW PlayerWindoW(player); 

} 

// method used by inner class UDPHandler to open a datagram or 
// multicast socket as the case maybe 
private DatagramSocket InitSocket(String address, int port){ 

InetAddress addr = null; 

DatagramSocket sock = null; 
try{ 

addr = InetAddress.getByName(address); 

if (addrisMulticastAddress()){ 
MulticastSocket msock = neW MulticastSocket(port); 

msock.joinGroup(addr); 
sock = (DatagramSocket)msock; 

}else{ 
sock = neW 

DatagramSocket(port,addr); 

return sock; 

catch (SocketEXception e){ 
return null; 

catch (UnknoWnHostEXception e){ 
return null; 

catch (IOEXception e){ 
return null; 

} 

}// end of InitSocket 

//INNER CLASS UDPHandler Which Will receive UDP RTP Packets 
and 
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APPENDIX A-continued APPENDIX A-continued 

//stream them to the handler of the sources stream. IN case of System.arraycopy(dp.getData(), 
//RTCP, it will also accept RTCP packets and send them on the , 
//underlying network. buffer, 
pulic class UDPHandler extends Thread offset, 
implements PushSourceStream, PushDestStream{ dp.getLength()); 

Thread thread = null; return dp.getData().length; 
DatagramSocket sock = null; } 
DatagramPacket dp = null; 
SourceTransferHandler outputhandler = null; public int getMinimumTransferSiZe(){ 

String address = null; return dp.getLength(); 
int port; 

public void setTransferHandler(SourceTranserHandler 
public UDPHandler(String address, int port){ transferHandler){ 

this.address = address; this.outputhandler = transferHandler; 
this.port = port; 
thread = new Thread(this); // methods of PushDestStream 

thread.setDaemon(true); public int write(byte[] buffer, 
thread.start(); int offset, 
sock = InitSocket(address,port); int length){ 

} InetAddress addr = null; 
public void run(){ try{ 

int len; addr = InetAddress.getByName(address); 
while(true){ }catch (UnknownHostEXception e){ 
try{ 

do{ DatagramPacket dp = new 
dp = new DatagramPacket(new DatagramPacket(buffer,length,addr,port); 
byte[maXsiZe],maXsiZe); try{ 
sock.receive(dp); sock.send(dp); 
len = dp.getLength(); }catch (IOEXception e){} 
if (len > (maXsiZe >> 1)) return dp.getLength(); 

maXsiZe = len << 1; } 

} 
while (len >= dp.getData().length); } 

}catch (IOEXception e){ 

_ }// end of Test 
1f(outputhandler != null) 

outputhandler.transferData(this); 
} 1. A method of network transport independence compris 

// methods of PushSourceStream lngZ 
public Object[] getControlsO { _ _ _ ' 

return new Obj-mm]; creating a socket instance comprising at least one channel 

that has an input stream and an output stream; 

public Object getControl(String controlName) { connecting said socket to a message processor; 
return null; 

public ContentDescriptor getContentDescriptor(){ Connecnng Sald Socket to a Sald network’ 
return null; 

said message processor sending a network message from 
PubliC long getcontentLengthOi said input stream of said at least one channel of said 

return SourceStream.LENGTHiUNKNOWN; socket; and 
public boolean endOfStream(){ 

return false; said message processor receiving a message from said 
_ _ output stream of said at least one channel of said 

public 1nt-read(byte bufferu, Socket~ 
int offset, 
int length){ 


