
US 20060168321A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0168321 A1 
(19) United States 

Eisenberg et al. (43) Pub. Date: Jul. 27, 2006 

(54) SYSTEM AND METHOD FOR TRAVERSING 
FIREWALLS, NATS, AND PROXIES WITH 
RICH MEDIA COMMUNICATIONS AND 
OTHER APPLICATION PROTOCOLS 

(76) Inventors: Alfred J. Eisenberg, Francestown, NH 
(US); John A. Thompson, Holmdel, NJ 
(US); David O. Bundy, Bedford, NH 
(Us) 

Correspondence Address: 
INNOVATION MANAGEMENT SCIENCES 
P. 0. BOX 1169 
LOS ALTOS, CA 94023-1169 (US) 

(21) Appl. No.: 11/036,478 

(22) Filed: Jan. 13, 2005 

Related US. Application Data 

(63) Continuation of application No. 10/402,752, ?led on 
Mar. 27, 2003. 

252 '\ M1 210 “I 

‘I'Innnling 
25‘ \ W are: 

250 

25s \ I 

(60) Provisional application No. 60/367,826, ?led on Mar. 
27, 2002. 

Publication Classi?cation 

(51) Int. Cl. 
G06F 15/173 (2006.01) 

(52) U.S. c1. ............................................................ ..709/238 

(57) ABSTRACT 

A tunneling system and method is described for traversing 
?rewalls, NATs, and proxies. Upon a request from a device 
on the secure private network or on a public network such 
as the Internet, a connection to a designated or permitted 
device of the secure private network by way of the public 
network can be established, allowing selected devices of the 
private network to access devices on the public network. A 
bi-directional channel can be established where information 
such as rich multimedia and real-time voice and video can 
be accessed or communicated. 
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SYSTEM AND METHOD FOR TRAVERSING 
FIREWALLS, NATS, AND PROXIES WITH RICH 

MEDIA COMMUNICATIONS AND OTHER 
APPLICATION PROTOCOLS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a non-provisional application 
claiming the bene?ts of provisional application No. 60/367, 
826, ?led Mar. 27, 2002, titled “System and Method for 
Traversing Firewalls, NATs, and Proxies with Rich Media 
Communications and Other Application Protocols”. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to traversing com 
munication network ?rewalls, NATs and proxies, and more 
particularly, relates to a novel tunneling approach using 
endpoint plug-ins that permit UDP-based or other connec 
tionless-based protocol information from a public or private 
network to traverse ?rewalls, proxies and NATs emulated in 
real-time by encapsulating UDP-based information on a 
connection layer to appear as TCP-based or full duplex 
connection-based communication. 

BACKGROUND OF THE INVENTION 

[0003] The Internet allows geographically and logically 
dispersed applications and nodes to easily communicate and 
exchange data. These data can range from simple text 
messages to encrypted or compressed high bandwidth real 
time voice and video data. But with the ease of networking, 
also introduced are potential security threats to any com 
puter publicly accessible on the Internet. 

[0004] Traditionally, network security has been achieved 
simply by denying or restricting those outside a secure 
network access to data or devices within the secure network. 
Over time, common solutions have evolved, such as ?re 
walls, NATs, and proxies. These approaches block or restrict 
unauthoriZed incoming data and unauthoriZed incoming 
requests from devices on a private network. 

[0005] Firewalls isolate devices of a private network from 
public network devices. Firewalls are installed as security to 
protect data inside a private network from unsolicited con 
nections. Firewalls can also restrict the way nodes inside a 
private network can access public sites, such as those on the 
Internet. 

[0006] One technique for establishing a ?rewall is to 
maintain an “access control list.” An access control list 
approach compares address information contained in a data 
packet from a remote device to determine whether the 
source from which the packet originated is on a list of 
allowed or disallowed addresses. If the address is on the list 
of disallowed addresses, the packet is not allowed to pass. 

[0007] Another method of restricting access involves 
“packet ?ltering”. Packet ?ltering examines data traversing 
a ?rewall to determine if the port or protocol (e.g. Internet 
Protocol (IP)) is subject to restrictions. If the port or protocol 
in use is restricted, the packet is not allowed to pass. 

[0008] Another approach for providing network security 
uses a NAT (Network Address Translation) technique. NAT 
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involves the translation of IP addresses used within one 
network to a different IP addresses known within another 
network. 

[0009] Typical NAT techniques map local or private net 
work addresses to one or more public IP addresses, and 
translate incoming global IP addresses into local IP 
addresses. NAT techniques provide added security since 
each outgoing or incoming request must go through a 
translation process to qualify or authenticate the request or 
match it to a previous request. To preserve the number of IP 
addresses needed, it is common for a private network use a 
single IP address in its communication outside the private 
network. Thus, external devices may not be able to identify 
or communicate with a speci?c local device because private 
addresses behind NATs are not directly accessible by entities 
on a public network. 

[0010] Another approach for providing network security is 
based on proxies. Proxies, such as HTTP proxies, act as the 
only path out from a private network to the public domain. 
Proxies are generally done through one or two ports and may 
require authentication and/or encryption to achieve secure 
connections. The proxy acts as an intermediary between the 
secure private network and the public. 

[0011] For example, referring to FIG. 1, a local client 1 
and a remote server 3 are coupled over a public network 5, 
such as the Internet. The proxy server 7 receives a request 
for an Internet service (such as a Web page request from a 
remote server 3) from the client 1. If the request passes 
?ltering requirements, the proxy server 7 processes the 
request and forwards the request to remote server 3. To the 
local user, the proxy server 7 is transparent, and all Internet 
requests and returned responses appear to be associated 
directly with the addressed remote server 3. The proxy 
server 7 acts as a ?rewall by preventing unauthorized 
incoming data requests from being processed. 

[0012] A common theme for ?rewalls, NATs and proxies 
is that most bi-directional communication must be initiated 
from inside the private network towards a public IP address, 
potentially on restricted ports or with restricted protocols. 
Once connections or virtual circuits are created from the 
inside out, data may ?ow back on that same path from the 
public network to the private network. 

[0013] However, for end-to-end rich media applications, 
such as videoconferencing, methods for initiating and main 
taining a session through a gateway or ?rewall can be 
complex, requiring several channels to the same or different 
destinations just to establish a two-way or multi-way real 
time conference. Standard protocols such as H.323, SIP and 
proprietary protocols such as First Virtual Communications’ 
CUseeMe protocol are examples of protocols supporting 
these types of applications. For example, the International 
Telecommunications Union H.323 standard de?nes how 
real-time, bi-directional multimedia communications can be 
exchanged on packet-based networks. The H.323 protocol 
utiliZes a User Datagram Protocol (UDP) for the transport of 
voice and video data. As opposed to a “reliable” type of 
transmission, or so-called “connected” stream-oriented pro 
tocol, such as Transmission Control Protocol/Intemet Pro 
tocol (TCP/IP), the UDP is a connectionless packet-oriented 
transfer protocol. Some standards, such as H.323, use con 
nection-based TCP/IP for call or connection setup, but do 
not use TCP/IP for audio and video data transmission. In 
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contrast, TCP is used for reliable transfer of data and has 
built in packet loss detection and retransmission and thus is 
not appropriate for real-time audio and video data. 

[0014] When a public netWork transmission utilizes a 
connectionless type of protocol, like UDP as a transport for 
the voice and video data packets, the incoming and outgoing 
packets are often blocked by the ?reWall security. As a 
result, connectionless type communications With third par 
ties outside a private netWork are commonly disabled or 
blocked. For example, ?reWalls usually prevent incoming 
TCP and UDP connections. With ?reWalls, UDP may be 
blocked in both directions, While TCP may be blocked 
except for speci?c ports. 

[0015] Internet communications standards and proprietary 
rich media applications usually require multiple communi 
cations channels via UDP and TCP on ?xed or random ports. 
Particularly for real-time rich media communication like 
voice and video communication, there is a need for a system 
that alloWs the establishment of communication channels 
betWeen computers protected by a ?reWall and outside third 
parties, but Without compromising the ?reWall security 
measures set up to protect against unauthorized or non 
permitted data transfers. 

[0016] Therefore one objective of the present invention is 
to provide a method and computerized system for transmit 
ting and receiving real-time voice, video and other data over 
the Internet When either an intended sender or recipient of 
data utilizes a computer device that is protected by a ?rewall 
that does not alloW transmissions of data, including data 
using connectionless packet protocol. 

BRIEF SUMMARY OF THE INVENTION 

[0017] A method and computerized system are provided 
for transmitting and receiving voice, video, and other data 
over the Internet and alloWing the exchange of TCP/IP 
and/or UDP type data packets through tunnel connections 
created betWeen devices on opposite sides of a ?reWall. The 
tunnels are created using TCP/IP to a single destination port 
to encapsulate multiple channels of TCP and UDP data 
destined to various other ports, across a ?reWall, NAT or 
HTTP Proxy, as Well as emulate real-time performance for 
UDP data channels. 

[0018] The present invention provides plug-in solutions 
for applications over a client, server, desktop system or other 
endpoints. In an embodiment of the present invention a 
plug-in is installed on a device to establish and maintain a 
TCP/IP tunnel betWeen any tWo devices having a matched, 
or paired, plug-in; the tunnels are created over transport 
layers to support the exchange of TCP and UDP data, 
solicited or unsolicited, by encapsulating the UDP or TCP 
data and an additional header as the payload to the TCP 
stream. The present invention discloses a system and 
approach for tunneling any application port to a destination 
IP address once the tunnel is created. Virtually any packet 
blockage by a ?reWall, NAT or proxy can be avoided by the 
tunneling techniques disclosed herein. 

[0019] In addition, the present invention discloses an 
approach that is OS and protocol independent but that also 
alloWs users to plug-in protocol speci?c logic for applica 
tions that do not perform or behave Well through NATs. 

[0020] The present invention provides plug-ins for doWn 
load and install on client endpoints and external servers 
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Where separate gateWays or proxy servers are not needed to 
connect devices behind a ?reWall With external devices on a 
public netWork. 

[0021] Additionally, While user registrations can be sup 
ported, such registrations through a gateWay or proxy server 
are not required. The plug-ins of the present invention can be 
automatically doWnloaded and installed concurrently upon a 
request to access an application. The plug-in operates trans 
parently to the user and Works With existing applications. 

[0022] Moreover, this invention provides plug-ins for cli 
ent endpoints in private netWorks to provide access to 
conferencing and multimedia services available over a pub 
lic netWork and receive incoming calls and invitations from 
services outside a private netWork. 

[0023] Further, the plug-in can be doWnloaded and 
installed on devices Within corporate netWorks. Also, the 
plug-ins can be doWnloaded and installed by multiple users 
to generate multiple tunnels for on-line groups, conference 
calls, Web-based presentations, etc. Users on a system can be 
differentiated even if multiple users are assigned the same 
private IP address and/or have IP addresses that are trans 
lated by a NAT. 

[0024] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a block diagram of a prior art computer 
system having a local client coupled to the Internet through 
a proxy or gateWay server; 

[0026] FIG. 2a shoWs a simpli?ed diagram of a system 
having a ?reWall interposed betWeen communication end 
points; 
[0027] FIG. 2b shoWs a diagram of the a system for 
providing netWork communications in accordance With the 
invention, Where a ?rst endpoint communicates to another 
endpoint through a tunnel plug-in; 

[0028] FIG. 3 shoWs a diagram of the a system for 
providing netWork communications in accordance With the 
invention, Where a ?rst endpoint communicates to another 
endpoint through a tunnel plug-in Where a desktop broWser 
system interposes the plug-in and application endpoint; 

[0029] FIG. 4 shoWs a diagram of the a system for 
providing netWork communications in accordance With the 
invention, Where a ?rst endpoint communicates to another 
endpoint through a tunnel plug-in and a tunneling proxy 
server; 

[0030] FIG. 5 depicts netWork and stacks layers involved 
in communication betWeen endpoints; 

[0031] FIG. 6 depicts netWork and stacks layers involved 
in communication betWeen endpoints having a proxy inter 
posed betWeen; 
[0032] FIG. 7 shoWs a system of the present invention 
having multiple endpoints and a gatekeeper con?gurable for 
communicating to one another; 

[0033] FIG. 8 shoWs a system With a TP of the present 
invention deployed as part of a corporate site; 
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[0034] FIG. 9 represents a data How diagram depicting an 
exchange of data between a client-server through a NAT/ 
?rewall in accordance With the present invention; 

[0035] FIG. 10 represents a data How diagram depicting 
an exchange of data betWeen a client-server through a HTTP 
proxy in accordance With the present invention; 

[0036] FIG. 11 represents a data How diagram depicting 
an exchange of data betWeen a client-conference server 
through a NAT/?reWall in accordance With the present 
invention; 
[0037] FIG. 12 depicts a system incorporating the present 
invention as part of conference server and gatekeeper net 
Work; and 

[0038] FIG. 13 illustrates details of a computer system 
that is implementing the invention. 

DETAILED DESCRIPTION 

[0039] Reference Will noW be made in detail to the present 
embodiments of the invention, examples of Which are illus 
trated in the accompanying draWings. 

[0040] Reference to any speci?c operating system archi 
tecture (such as Microsoft® WindoWsTM) is for demonstra 
tion purposes only as to hoW the present invention could be 
implemented. In addition, the terms ‘client’ and ‘server’ are 
for functional description only, since communication based 
on the tunneling approach disclosed supports bi-directional 
communication. 

[0041] NetWork-based systems such as online confer 
ences, online meetings, Web seminars and application-shar 
ing applications may depend on conditions associated With 
a client and server host system. Some components of a 
netWork-based application, including con?guration informa 
tion, may be previously installed on a client. Alternatively, 
the components and con?guration information may be con 
currently installed on the client as a netWork-based appli 
cation is executing. 

[0042] When a device behind a ?reWall attempts to make 
a connection over the Internet using a connectionless or 
connection-based packet-oriented protocol several issues 
may arise. For example, When an outside third party intends 
to establish data communication With someone behind a 
?reWall using either protocol it is often not knoWn at the 
time When a connection is desired or requested Whether a 
tWo-Way transfer of voice data using the protocol is alloWed 
by the netWork security system. 

[0043] Additionally, a ?reWall may restrict a device 
behind a netWork security device (e.g., ?reWall, NAT, or 
proxy) from originating connection to an outside device or 
netWork, or may prevent connections generated from an 
external device to a device behind netWork security device. 
Further, it is often dif?cult to implement an unreliable data 
channel, like UDP, inside a TCP connection due to the 
reliable nature of TCP (e.g., a reliable connection typically 
includes retransmit requests for missing or dropped data). 

[0044] The present invention addresses these and other 
concerns through a novel tunneling protocol. Tunneling 
alloWs the establishment of bi-directional connections or 
tunnels, initiated from inside or from outside a private 
netWork. Tunneling is a technique used in netWork commu 
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nications Where a ?rst protocol is “Wrapped” or encapsulated 
Within a second protocol. For example, a neW header from 
a second protocol is attached to the ?rst packet. The entire 
?rst packet of a ?rst protocol becomes the payload of a 
second protocol. In this Way, traf?c of a ?rst protocol can be 
carried over a netWork that does not support that ?rst 
protocol directly. 

[0045] “Tunneled data” refers to data or packets from one 
protocol that are encapsulated Within another protocol. A 
“tunnel” herein refers to a communication channel betWeen 
tWo netWorked devices through Which tunneled data are 
communicated. 

[0046] Tunnels are created at the application level. One 
aspect of the present invention relies on UDP packets 
targeted for a predetermined or otherWise determinable 
destination port being intercepted and encapsulated in a TCP 
tunnel. The encapsulation happens at the driver level by 
inspection of IP headers of outgoing data, and repackaging 
them as payload data inside a TCP packet. 

[0047] The method and system described involve using 
tWo plug-in components to create a bi-directional tunnel 
betWeen a client application endpoint inside a netWork 
separated from a public server by a netWork security device. 
This public server may also be behind a ?reWall, but it must 
be reachable through a public address, Whether it is a 
statically mapped address behind a NAT or not. Using the 
tunneling approach of the present invention, voice, video 
and other data communication may be initiated from Within 
or outside a ?reWall on a transport layer using a connection 
based full duplex protocol to encapsulate connection-based 
or connectionless data in real-time across a ?reWall, as Well 
as provide other bene?ts and features as described beloW. 

[0048] For purposes of this disclosure, the folloWing de? 
nitions shall apply: 

[0049] Automatic FireWall Detection (AFD)iThe pro 
cess by Which a plug-in at a client determines the best path 
of communication from it’s netWork environment to the 
public domain. 

[0050] ClientiIn reference to a tunnel, the end of the 
tunnel that initiates the tunnel creation to the server. 

[0051] Distributed Proxy (DPX)iA tunneling proxy that 
may be associated With multiple endpoint. Also called a full 
proxy. 

[0052] Personal Proxy (PP)iA component on a computer 
Which can be con?gured to be associated With and a tun 
neling proxy for one single external endpoint for an appli 
cation protocol. 

[0053] Server or ServiceiIn reference to a tunnel, the end 
of the tunnel that receives a tunneled connection. 

[0054] TCP Stack Plug-in (TSP)iThe TSP is a compo 
nent of the TP installed just beloW the socket level Which on 
the client side, intercepts TCP and UDP requests from an 
application, performs AFD and tunnel creation, and sends 
commands to the TDP to signal Which subsequent TCP and 
UDP requests to tunnel. The TSP may also resolve any NAT 
issues Which require translating application protocol-spe 
ci?c data, such as H.323 protocol. On the server side, the 
TSP listens for tunnel connections on a tunnel port (eg 443, 
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the default tunnel port which is HTTPS), and signals the 
TDP with information necessary to identify the tunnel 
(source IP and port). 

[0055] Tunnel Plug-in (TP)iThe TP is a full set of 
components in accordance with an embodiment of the 
invention needed for one endpoint to support and allow 
tunneling with another endpoint. 

[0056] Tunneling Driver Plug-in (TDP)iThe TDP is a 
component of the TP installed at a driver level (e.g., NDIS 
Intermediate driver on WindowsTM) that accepts commands 
from the TSP and manages the tunneling protocol (for 
example, managing the protocol includes bi-directional 
UDP emulation within a TCP tunnel). This component also 
snoops TCP/IP protocol for information required to recon 
struct data stream or datagrams on the receiving side of a 
tunneled session. 

[0057] Tunnel PortiThe TCP/IP port used to establish a 
tunnel between a client and server. 

[0058] Tunneling Proxy (TPX)iA component on a com 
puter that routes tunneled data between an associated end 
point and a target endpoint. 

[0059] Type I Data4Connection-oriented data, such as 
TCP data. 

[0060] Type II Data4Connectionless data, such as UDP 
data. Generally Type II data will not be retransmitted as is 
typically done for Type I data. 

[0061] Referring to FIG. 2a, in a private network 10 an 
application endpoint 50 is protected by a ?rewall 20. The 
?rewall may be a proxy server that blocks incoming TCP or 
UDP data on various ports from or to the internal application 
endpoint 50. The ?rewall may prevent voice, video and other 
data transmissions from unknown third parties outside the 
?rewall, such as the computer system 30 or the application 
service endpoint 80, which transmit data over a WAN/ 
Internet 40 or other public network. In addition, the ?rewall 
20 may also block outgoing UDP or TCP data packets that 
may be sent from application endpoint 50 to an application 
service endpoint 80. Computer system 30 may also be 
protected by its own ?rewall (not shown). 

[0062] Connections 62, 64 may include routers, switches 
and other transmission devices for communicating data 
packets and which support a wide variety of technologies, 
including dedicated wire connections, dial-up connections, 
DSL, cable, and satellite links. 

[0063] Referring to FIG. 2b, in one embodiment of the 
present invention, private network 10' is protected by a 
?rewall 20' that blocks incoming UDP data packets to the 
internal application endpoint 50'. Elements of FIG. 2b 
correspond to similarly numbered elements of FIG. 211 that 
differ only by a prime. For instance, ?rewall 20' interposed 
between the application endpoint 50' and application service 
endpoint 80' corresponds to the ?rewall 20 of FIG. 2a. 

[0064] The tunnel plug-ins (TP) 60' and 70' are key 
differences in the overall architecture of FIG. 2b, as com 
pared to FIG. 2a. The TP 60', 70' are OS-independent 
components and may be implemented on a personal com 
puter running WindowsTM, Macintosh® OS, Linux, UNIX, 
etc. Device 10' may be a personal digital assistant, a laptop, 
web-enabled phone or network accessible device. The appli 
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cation endpoint 50' and service endpoint 80' may provide 
application content to and from devices such as a speaker, a 
display, a microphone and a camera (none shown). 

[0065] The TP 60', 70' may be coupled to the ?rewall 20' 
or network 40' over connections 62', 64' using a wide variety 
of technologies, including dedicated wire connections, dial 
up connections, DSL, cable, and satellite links. Connections 
62', 64' may include routers, switches and other transmission 
devices for communicating data packets. WAN/Intemet 40 
may comprise other nodes (not shown) which route com 
munication between TP 60' and 70'. 

[0066] Each plug-in component 60' and 70' consists oftwo 
components: a Tunneling Driver Plug-in (TDP) and a TCP/ 
IP Stack Plug-in (TSP). In the case where an endpoint 50' or 
80' is a server or service endpoint, the TSP comprises a 
tunneling listener module as part of the plug-in 70' which 
handles accepting and maintaining the tunnel connections at 
the application level, as well as responding to the UDP 
probes for the detection of a ?rewall 20'. For example, the 
server listener can track where communications are coming 
from and going to and “listen” for communications received 
over predetermined TCP port(s). 

[0067] The TDP components of TP 60', 70' are imple 
mented at the network interface driver level (eg NDIS 
intermediate driver on WindowsTM). A driver layer refers to 
a part of the operating system that interacts with a particular 
device or software and contains information about the 
device or software interface. For example, for PCs, a driver 
can be packaged as a .SYS ?le. Multiple connections may or 
may not be multiplexed over a single tunneled connection at 
a driver layer. 

[0068] In the present embodiment, the TDP is responsible 
for tunneling two types of data: TCP (Type I) and UDP 
(Type II) data streams. On the client side, the TDP accepts 
commands from the TSP, which intercepts socket calls using 
speci?c ports to support tunnels to a destination server 
endpoint and manage the tunneling protocol. 

[0069] In an embodiment where client or server receives 
tunneled data, the TDP inspects TCP/IP protocol headers for 
information required to reconstruct data stream or data 
grams. On the server side, the TSP listens on the currently 
con?gured tunnel port for incoming tunnel connections from 
a client endpoint. The TSP listens for and accepts tunnel 
connections; the TDP snoops incoming IP headers and 
reconstructs datastreams or datagrams if it ?nds a tunneled 
packet. 

[0070] As noted, the TDP in accordance with the present 
invention is responsible for tunneling two types of data: 
Type I and Type II. Type I data refers to data normally sent 
by an application using the TCP/IP protocol, which is a 
reliable connection based protocol. 

[0071] Type II data is connectionless data such as UDP. 
For example, Type II data can refer to data normally sent by 
an application using the UDP/IP protocol, which is an 
unreliable connectionless protocol. Since Type II data is sent 
with an unreliable protocol, it is assumed that the application 
does not want the implied overhead and potential latency 
introduced with a reliable connection-based protocol like 
TCP/IP. Low overhead/latency is accomplished by making 
sure no data is retransmitted, whether or not it makes it to the 
other end of the tunnel. 
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[0072] Turning to the other component of the TP of the 
present invention, the TSP component of the plug-in is 
inserted just below the socket layer of a TCP/IP stack and 
monitors requests of TCP/IP and UDP ports by applications. 
The TSP may be implemented in one of several Ways. For 
example, the TSP may be implemented as a socket shim like 
a Winsock Layered Service Provider. This shim Will Watch 
all outgoing ports. If there is a TCP connection and/or UDP 
datagram sent on a port of interest, the shim Will perform an 
AFD (“Automatic FireWall Detection,” described beloW), 
create a tunnel if necessary, and send commands to the TDP 
regarding Which TCP and UDP port(s) to speci?c IPs Will be 
tunneled. 

[0073] Another approach for implementing the TSP com 
ponent may be for an application to integrate TSP function 
ality directly into its logic and call the appropriate tunneling 
API for AFD, tunnel creation, and signaling to the TDP. In 
this approach, the application Would be responsible for any 
packet translation necessary. 

[0074] Aplug-in may act both as a client and server on any 
endpoint, but generally a client TP refers to the initiator of 
communications that may require a tunnel, and the server TP 
refers to the receiver of that initial communication. Unless 
otherWise indicated, any reference to UDP or other connec 
tionless protocol shall equally apply for any other connec 
tionless protocol. Reference to TCP or other connection 
based protocol shall equally apply to any full duplex or 
connection-based protocol. It should be noted that the 
present approach of encapsulating UDP in TCP is not a 
restriction on the protocol encapsulation, as a TP in accor 
dance With the present invention can apply to other connec 
tion and connectionless protocols. 

[0075] Regardless of Whether data is Type I or Type II, the 
TP can tunnel through When necessary. When it is deter 
mined that a tunnel is necessary to complete the desired 
connection, a tunnel is created on a tunnel port and only 
connections and data signaled to the TDP from an applica 
tion client to a server are Wrapped in a tunneling header and 
sent through the tunnel connection. 

[0076] Unlike TCP, UDP offers a limited amount of ser 
vice When messages are exchanged betWeen computers in a 
netWork. For example, While UDP can handle packet frag 
ments and re-assemble them if they come in the right order, 
UDP cannot handle missing or out of order packets. For 
example, UDP does not provide sequencing of the packets 
for arriving data. As a result, generally any application 
program that uses UDP must be able to make sure that the 
entire message has arrived and is in the right order. HoWever, 
due to contemporaneous nature of applications as real-time 
voice and video transfer, it is not usually required or 
desirable to use resources for re-transmission of data if some 
information is not properly transferred. For example, in one 
embodiment of the present invention, identi?er packets (e. g., 
dummy packets or packets of a knoWn sequence) are sent in 
response to retransmission requests and Where the receiving 
side knoWs to discard or ignore such packets. Further details 
and algorithms for addressing retransmission considerations 
are provided beloW. 

[0077] In a full tunnel plug-in con?guration, the TP is 
installed on both ends of a connection. For example, TP 60', 
70' is installed With both TDP and TSP installed and having 
control over data sent over the connection betWeen end 
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points 50' and 80'. In this mode, the TP emulates a TCP 
datastream for every packet. When it is determined that a 
tunnel is necessary to get UDP datagrams from one endpoint 
to another, a tunnel is created on a tunnel port and all data 
from the client to a server are Wrapped in a Type I data 
tunneling header and sent through the tunnel. Multiple 
datastreams may or may not be multiplexed over a single 
tunneled connection, but there is only one header for both 
TCP and UDP With a ?eld that indicates the type of data. 

[0078] Referring noW to FIG. 5, there is shoWn a com 
munication system 300FIG. 5 also depicts the interaction of 
stacks layers involved in a communication link, for example 
betWeen an application endpoint 50' and application service 
endpoint 80'. 

[0079] System 300 represents communication betWeen a 
device 305 and destination device 325 on opposite sides of 
a ?reWall 320. TDP and TSP are deployed in system 300 and 
operate to exchange UDP data under the guise of TCP. 
Source device 305 and destination device 325 comprise 
netWork layers Which perform different application endpoint 
functions and Which communicate endpoint data through to 
other layers at the endpoint. For purposes of this disclosure, 
the source device Will be described as layers for a client and 
the destination device Will be described as a server. Other 
con?gurations are possible and can easily be implemented 
over the Internet in a manner understood by one skilled in 
the art based on the application of the teachings herein to 
each endpoint Within a communication system. 

[0080] The source device 305 includes a source applica 
tion layer 307, a source socket layer 309, source TSP 311, 
source TCP/IP stack 313 and source TDP 315. Destination 
device 325 includes a destination application layer 327, a 
destination socket layer 329, listener 331, destination TCP/ 
IP stack 333 and destination TDP 335. Various approaches 
for implementing and handling these layers of both devices 
are understood by those skilled in the art. 

[0081] In the case of a server destination device 325, the 
TSP of the service-side TP is con?gured as a listener 331 to 
“listen” for TCP/IP connections on a determinable tunnel 
port. Several methods to implement the server side func 
tionality of the TSP (i.e., the listener functionality) are 
possible. For example, the tunnel port can be set by default 
as 443, the default connection-based HTTPS port. HoWever, 
designation of port 443 as default could con?ict With a 
standard Web server (like Microsoft IIS) Which may be 
listening on this port. 

[0082] Alternatively, systems that do not have a Web 
server that supports HTTPS, a server TSP can be imple 
mented as a separate process or system service that listens on 
a determinable port and accepts tunnel connections there 
upon. If there is a Web server present, a servlet could accept 
and maintain a persistent HTTPS connection, signaling the 
server-side TDP When tunneled data arrives. 

[0083] In either case, the server-side listener uses an OS 
transport stack to accept the initial tunnel connection. 

[0084] If the stack layer 325 Were being described for a 
client, the listener is not required, and the listener 331 Would 
correspond to a TSP 311. 

[0085] Application layers 307, 327 are not necessarily the 
endpoint applications themselves but generally are the layers 
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at Which certain communication features are performed such 
as partner identi?cation, user authentication and quality of 
service level establishment. 

[0086] The socket layers 309, 329 are used by the appli 
cation layers 307, 327 to communicate TCP or UDP-based 
data. The socket layers contain sets of programming 
requests, or “function calls” such as application program 
ming interfaces (APIs). Common APIs include the Berkeley 
UNIX C interfaces for sockets. 

[0087] [text missing or illegible when filed]incorpo 
rate ancimpement otocos, perform detection and establish 
tunnels. In one embodiment, the tunnel is created by TCP 
311 as the TCP 311 looks for an outgoing connection to the 
destination stack 325. Where a ?reWall 320 is present, UDP 
data links are not established betWeen the client and server. 
Instead, the TSP layer 311 creates and maintains a tunnel 
340 through the ?reWall 320. The TDP layers 315, 335 
incorporate and implement the TDP component described 
above. Tunnel 340 appears as TCP-based communication. 
Thus, data transmitted through tunnel 340 can traverse the 
?reWall 320 via an open TCP port or TCP port of choice. 
Once a channel is created betWeen source device 305 and 
destination device 325 based on the TP, Type I and Type II 
data can be exchanged. The tunneled data received by the 
destination device 325 can be unpackaged and sent up the 
stack as TCP or UDP data. 

[0088] Tunnel 340 supports UDP and TCP data, as Well 
even Where an application endpoint port may be blocked or 
incoming connections to a client or host are not alloWed. In 
this embodiment, any application port can be tunneled to a 
destination IP address once the tunnel 340 is created. In 
other Words, virtually any protocol blocked by a ?reWall can 
be tunneled by the TP. 

[0089] FIG. 9 depicts a data How diagram 800 for system 
300 initiated by a TP for the case Where an NAT/?rewall is 
interposed betWeen a client-side application and a server 
side application. Other call setup functions are also possible 
Without affecting the present invention. 

[0090] Reference is noW made to FIG. 6, Which depicts 
communication betWeen devices on opposite sides of a 
?reWall 520. In this embodiment, an HTTP proxy 550 is 
interposed betWeen a source device 505 and destination 
device 525. Source device 505 and destination device 525 
comprise netWork layers that perform application endpoint 
functions and that communicate data through to other layers. 
For purposes of this disclosure, the source device 505 is 
associated With a client and the destination device 525 is 
associated With a server. Other netWork con?gurations are 
possible, and such systems can easily be implemented in 
alternate con?gurations. 

[0091] Source device 505 includes a source application 
layer 507, a source socket layer 509, source TSP 511, source 
TCP/IP stack 513 and source TDP 515. Destination device 
525 includes a destination application layer 527, a destina 
tion socket layer 529, destination TSP 531, destination 
TCP/IP stack 533 and destination TDP 535. Various 
approaches for implementing and handling these layers of 
both devices are understood by those skilled in the art. 

[0092] As described With respect to system 300, in the 
case of a server, the TSP of the service-side TP is con?gured 
to listen for TCP/IP connections on a determinable tunnel 
port. The description of the server-side TSP in system 300 
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Will apply to the destination TSP 531 in that if device 525 
Were a client and not a server, the listener functionality is not 
needed. 

[0093] The descriptions for the various of the source and 
destination devices 305 and 325 equally apply to the corre 
sponding devices for the source and destination devices 505 
and 525, respectively. For example, socket layers 509, 529 
are used by the application layers 507, 527 to communicate 
TCP or UDP-based data. The TSP layers 511, 531 incorpo 
rate the TSP described above and perform ?reWall detection 
on a transport layer. 

[0094] With reference still to FIG. 6, the presence of 
proxy 550 requires applications to simulate TCP connec 
tions, and the TP Will only have control over one end of the 
connection at the stack level. TCP tunnels 545 support Type 
I and Type II data. UDP data tunneled Within a TCP protocol 
can be communicated betWeen the source device 505 and 
proxy 550. 

[0095] During transmission, the proxy 550 may send back 
retransmit requests to the source device. Instead, the source 
device Will send blank packets in place of the retransmission 
packets that can be easily identi?ed as lost data so that the 
receiving side can discard it. To the proxy, this looks just like 
a normal retransmission of data and keeps traf?c ?oWing. 
Further details are provided beloW. 

[0096] FIG. 10 depicts a representative data How diagram 
900 for system 500 initiated by a TP for the case Where an 
HTTP proxy is interposed betWeen a client-side application 
and a server-side application. The data How is based on 
H.323 RAS used for registration but other registrations and 
call setup functions are also possible Without affecting the 
present invention. Further details and process steps are 
provided later. 

[0097] A user using embodiments described above Will not 
likely knoW Whether a plug-in is required on the application 
endpoint of the user. Accordingly, the need of a plug-in 
should be transparent to the user, and the installation of a 
plug-in should be automatic or otherWise occur “on the ?y” 
and operate transparently With existing client applications. 

[0098] When a user is invited to or Wants to participate in 
a session for a particular application but has nothing 
installed for that application (eg a video conferencing 
application or other desktop or device application for com 
municating voice, video or other communication to the 
user), it is preferable that a dynamic and user-transparent 
plug-in doWnload occur automatically. In one embodiment, 
the plug-in can be a broWser plug-in. The TP Will be 
con?gured using speci?c logic for the application and Will 
look for the speci?c TCP ports of the application in question. 
Then the desired application is launched. To illustrate, 
consider a case Where a user receives a URL either by email, 
instant message or link on a Web page. When the user 
activates the URL, if the user does not already have an 
installed application plug-in, the user’s device automatically 
doWnloads the tunnel plug-in as a broWser plug-in, and the 
tunnel plug-in is installed and con?gured for that applica 
tion. Once the plug-in is installed, tunneling in accordance 
With the present invention can occur. FIG. 11 depicts a 
representative and preferred data How diagram 1000 for a 
case Where a client or client-side application establishes a 
persistent tunnel, receives an incoming call through a NAT/ 
FW. 
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[0099] Once a plug-in is installed, automatic ?rewall 
detection (AFD) can be used to determine a con?guration 
for reaching a server. A ?rewall detection sequence for 
?rewall, NAT and proxy detection normally occurs when the 
application client ?rst tries to communicate with a server. 
The sequence may be as simple as an application endpoint 
registering with a server or an actual connection with the 
server for an application session. 

[0100] When a client attempts a connection or tries to send 
data, the TSP monitors predetermined destination ports used 
by an application and triggers an AFD sequence when one 
of these requests happens. In one AFD sequence, several test 
procedures may be initiated by sending data to the server 
over various ports. For example, test procedures could test 
for system con ?guration such as whether the system sup 
ports incoming UDP data, outgoing UDP data on a port with 
incoming data received on the same port (i.e., pin-holing), 
incoming TCP data, or outgoing TCP data. 

[0101] If communication is established with the other end 
through one of the test procedures, the client can determine 
whether or not it is behind a NAT. If the test procedure 
indicates that the client is behind a NAT, the TP tunnels 
everything through a tunnel port. 

[0102] If test procedures indicate that the client cannot 
access the destination with UDP but can get through on the 
tunnel port with TCP, the client tunnels through the tunnel 
port. If the client cannot create a tunnel to a desired 
destination, the AFD sequence may look at the local proxy 
settings. In any event, once an appropriate tunnel type is 
determined, a tunnel supporting Type I and Type II data is 
created. In a system with an HTTP proxy, a handshake may 
be simulated by the client/server to “fool” the proxy into 
thinking this is a true HTTPS (or TCP) connection. As a 
default, port 443 could be used. 

[0103] Depending on how the tunnels are to be created, 
tunnel plug-ins will operate one of the appropriate tunnel 
modes described with respect to FIGS. 4 and 5. It is also 
noted that for public networks such as the Internet, since the 
tunnel port could be the same port used by Web servers, one 
of the only ports opened through most ?rewalls, it is possible 
that protocols such as HTTP and HTTPS may be attempted 
from the client endpoint as well as other endpoints. If other 
endpoints that can reach the tunneling server without tun 
neling, with HTTP for example, the server must be able to 
differentiate this request from the tunneled requests. 

[0104] FIGS. 3 and 4 depict other possible con?gurations 
for using the tunnel plug-ins. In FIG. 3, a con?guration is 
disclosed for providing a TP on a separate system with a 
personal proxy plug-in. FIG. 4 depicts a TP installed with a 
proxy server. 

[0105] In FIG. 3, a ?rewall 120 separates a private net 
work 110 from a public network 130. Here, the TP 160 is 
installed on a desktop system or other web-enabled device 
190. TP 170 is installed at the application service endpoint 
180. System 190 is coupled to an application endpoint 150. 
This application endpoint can be a closed system such as an 
application endpoint appliance like a presentation projector 
system. In this con?guration the desktop system 190 acts as 
a proxy to the application endpoint appliance for purposes of 
providing the plug-in to the endpoint appliance 150. In this 
way, endpoint 150 is coupled via a web-enabled device 190 
and via network 140 to the application service endpoint 180. 
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[0106] In FIG. 4, a ?rewall 220 separates a private net 
work or client side 210 from a public network or server side 
230. The TP 260 is installed on a tunneling proxy server 250. 
TP 170 is installed at the application service endpoint 180. 
The private network comprises multiple systems or devices 
252, 254, 256. The tunnel proxy server 250 can be used to 
selectively allow or control access of private network 
devices 252, 254, 256 to the application service 280. Alter 
natively, proxy server 250 can enable all devices 252, 254, 
256 with the tunneling functionality without each device 
having to install TP 260. 

[0107] A detailed technique used to enable real time traf?c 
to be tunneled through a TCP connection and behave as 
close to a direct IP connection can be accomplished and 
described using the following tunnel plug-in techniques and 
steps: intermediate system determination, tunnel connection 
establishment, traf?c encapsulation, manipulation of 
sequence numbers and windows, and retransmission algo 
rithms and ef?cient acknowledgement algorithms. The goal 
achieved using this series of techniques is a TCP/IP con 
nection that does not inhibit the transmission of real time 
traffic by performing its normal reliable delivery and con 
gestion avoidance algorithms. TCP/IP was designed to effi 
ciently pass information in reliably in sequence with out 
regard to timing jitter. 
[0108] Intermediate System Determination. Before a con 
nection can be established that will be used to tunnel traf?c, 
it must be determined if a tunnel is necessary. This deter 
mination is accomplished by passing test traffic through to 
the remote host and determining if the remote host can be 
reached directly by sending a UDP probe packet. The server 
side tunneling components will attempt to return this packet 
to the UDP source port +1. If the client does not receive this 
packet within a reasonable amount of time (con?gurable, but 
typically on the order of a few hundred milliseconds) a TCP 
(Default is HTTPS port 443) connection is established to the 
remote system. 

[0109] Connection establishment. For TCP, a standard 
connection is typically established by intercepting a traf?c 
request (such as an H.323 registration request) to a well 
known (e.g. based on H.323) port. A TCP connection is 
de?ned by the port and address of both the originating 
endpoint (or its proxy) and the terminating endpoint (or its 
proxy). During this connection negotiation between the 
client and server tunneling components it is determined if an 
intermediate system is a ?rewall or an Internet proxy by 
passing TCP/IP sequence number information of the packet 
inside the packet and comparing the sequence number with 
the one inside the packet received by a server side tunnel 
listener. In determining the intermediate system, the TDP 
intercepts some outgoing data in the tunnel connection and 
places the sequence number of the packet in the application 
payload section where a placeholder is inserted at the 
application layer. If sequence numbers match then the con 
nection is not terminated, and the system does not require 
timely acknowledgements. TCP/IP acknowledgements, 
described more fully below, insert acknowledgements (or 
ACKS) in the packets coming back in the reverse direction 
rather than sending just an ACK in a separate packet. This 
insertion is better than sending ACKS separately as a system 
would be forced to send twice as many packets. 

[0110] Once a TCP tunnel is opened, the client side 
tunneler will not send any more traf?c over the tunnel. 
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Instead, the TCP tunnel Will be used as a conduit to send 
tunneled tra?ic via the TDP. The TCP/IP stack Will not be 
used again until tunnel connection shutdoWn. 

[0111] Traf?c encapsulation. Traf?c encapsulation is 
achieved by capturing UDP and TCP/IP packets and Wrap 
ping them in a neW header inside a TCP/IP frame. The 
information about the original packet is maintained in a 
partial header that contains IP address and port information 
for a UDP packet and the IP address, port and sequence 
number information for a TCP/IP packet. The neW header is 
derived from an established connection and the resulting 
packet is then part of that connection. The data is piggy 
backed inside the connection making it possible for it to 
traverse ?rewalls, Internet proxies, etc., just as a HTTP/S 
connection may do. Note that the connection is a TCP/IP 
connection, and does not employ techniques that a normal 
connection Would exhibit such as sloW start, timer back off, 
round trip time estimation etc. These techniques are useful 
in the ef?cient operation of a connection-oriented protocol, 
but they are often counterproductive When trying to simulate 
a directly connected network. 

[0112] Manipulation of Sequence Numbers. Sequence 
numbers are assigned as With any TCP/IP connection. When 
sending traf?c, sequence numbers are incremented as traf?c 
passes. No acknoWledgments need be received (e. g., from an 
“ACK” ?ag in the TCP/IP header) in order for the client to 
continue sending data as Would be done With TCP/IP. No 
timer back off is performed by the TCP stack since When 
data is ready, the data is sent immediately With the ACK and 
PUSH ?ags (Which indicate if data is contained in a packet) 
set to ensure the data is immediately sent up the stack. The 
TCP/IP WindoW siZe is preferably set by the TDP to the 
maximum value to ensure the remote system continues to 
send as much data as it needs to. When data is received all 
previous data is acknoWledged even if it has not been 
received (i.e. the last sequence number is sent). This 
acknoWledgment is to make sure that traf?c continues to 
How as it Would in a direct IP netWork. If necessary, missing 
data can be dealt With by the higher-level protocols or the 
application depending on its type. 

[0113] Retransmission algorithms and ef?cient acknoWl 
edgement algorithms. The algorithms discussed above are 
su?icient if the tunneling connection does not get terminated 
by and intermediate system (e.g., Internet proxy). If the 
intermediate system does terminate the connection, then tWo 
issues arise. The ?rst relates to acknoWledgements Where 
since the intermediate system is terminating the connection 
the intermediate system Will perform normal acknoWledg 
ment algorithms and Will not send any tra?ic until it has 
received complete transmissions of data. In order to deal 
With this situation a sender could hold on to traf?c and 
resend it, but this Would be cumbersome for the sender and 
Would not aid in the goal of emulating a directly connected 
netWork. In a directly connected netWork lost traffic does not 
get retransmitted unless the higher-level protocol resends it. 
UDP packets for instance, generally do not get retransmitted 
if they are lost. Therefore, the present approach does not 
employ a retransmission algorithm. Instead, the present 
approach utiliZes an alternating bit pattern in place of the 
retransmission that can be easily identi?ed as lost data so 
that the receiving side can discard it. To the proxy, this looks 
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just like a normal retransmission of data and keeps traf?c 
?oWing. In case of selective retransmission requests, only 
the lost parts are sent. 

[0114] On the receiving side the highest sequence number 
received is alWays sent in an acknoWledgment ?ag (ACK) in 
order to keep information ?oWing. Since an Internet proxy 
that terminates the connection cannot be expected to main 
tain the boundaries of the encapsulated packets, partial 
packets Will be received. These partial packets are trans 
formed into IP fragments and sent up the receiving side of 
the stack. These fragments are then reassembled by the IP 
stack. This fragment technique eliminates the need for the 
tunneling implementation to have to deal With the buffering 
and discarding of fragments. 

[0115] Turning to the acknoWledgement process, there are 
at least tWo techniques for sending acknoWledgments in the 
present invention. One is to acknoWledge every received 
packet, the other is to piggyback acknoWledgments on data 
?oWing in the opposite direction. In the latter case, When one 
end of a connection is receiving but not sending data, the 
technique must determine When to send an acknoWledgment 
before the TCP/IP WindoW siZe is reached. Usually half a 
WindoW siZe is used as a queue to send an acknoWledgment 
so the other end Will continue sending data. The percentage 
of the WindoW siZe is preferably con?gurable at both ends. 

[0116] Tunnels are shut doWn When no data has been sent 
through them for some period of time. Tunnels can be closed 
by sending a PIN (a standard TCP/IP Way of ending a 
session) to the remote system. When the tunneling driver 
receives the PIN it frees all state information associated With 
the connection. 

[0117] In either case, When a request is made for a 
connection or datagram to send to a destination IP and port, 
the folloWing things Will happen: 

[0118] The TSP starts the automatic ?reWall detection 
(AFD) process, described above. If the AFD indicates that 
the tWo endpoints can send unsolicited UDP to each other, 
the TP lets the connection proceed normally. 

[0119] If the endpoint cannot send unsolicited UPD to the 
other, the TSP Will attempt to connect via TCP/IP to the 
con?gured tunnel port, Which by default is the HTTPS port 
443. If an HTTPS handshake can be performed or simulated 
then the TSP sends a tunnel connect message, formatted as 
a valid HTTPS connect for the ability to traverse an HTTP 
proxy. (For proxy traversal, the TSP must support the same 
broWser based proxy detection, automatic, con?guration 
script, or manual con?guration). The tunnel connect mes 
sages contains the sequence number information mentioned 
in an earlier section. This message is used by the server side 
TDP to determine Whether or not there is a proxy type device 
interposed betWeen the application endpoint and application 
service endpoint, as Well as a GUID (Globally Unique 
Identi?er). The GUID is a string of bytes used to uniquely 
identify the client tunnel endpoint. A tunnel listener at an 
application service endpoint looks at the GUID and gener 
ates a unique IP address for the client. The GUID may be 
used later by the server to reuse the same IP address for that 
client. 

[0120] If there is a proxy in betWeen the client and server, 
the client Will send a second connect message so it Will make 
it all the Way to the listener. Once this handshake is done, the 
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connection stays up, but no more data is exchanged between 
the TSP or a tunnel listener. The TSP signals to the TDP 
Which ports to tunnel and any data through those ports Will 
get tunneled. FIG. 10 depicts a representative data How 
diagram 900 initiated by a TP for the case Where an HTTP 
proxy is interposed betWeen a client and a server. 

[0121] It is typical With some rich media communications 
protocols, for control and data to be exchanged through 
separate channels, as Well as one or more separate destina 
tions. 

[0122] In system 600 of FIG. 7, ?reWalls 605 and 610 are 
con?gured so that only outgoing TCP connections are 
alloWed and the gatekeeper is set to gatekeeper-routed mode. 
Tunnel plug-ins (not shoWn) are installed on endpoints 
625-640 as Well as the gatekeeper 615 and Multipoint 
Control Unit (MCU) 620. The MCU 620 and the gatekeeper 
615 may be on separate machines With different IP 
addresses, but in any case communicate over channel 685. 
Tunnels are created from the endpoints 625-640 to the 
gatekeeper 615 When the endpoints 625-640 register With 
the gatekeeper 615. 

[0123] In system 600, a client 625-640 registers With a 
gatekeeper 615. The registration does not necessarily require 
authentication but the client user provides some user name 

(eg Alf, Dave, Jay or Mike) and IP address (eg 10.0.0.1 
and 10.0.0.2). When the tunnel listener or TSP on the 
gatekeeper’s plug-in accepts a tunnel connection from the 
client, the listener Will generate an alternate or “fake” IP 
address for the client side TP to use for packet translation, 
as Well as to uniquely identify the tunnel for the server side 
application. In one embodiment, the gatekeeper Will not see 
or keep track of the private IP addresses but Will only see the 
“fake” addresses to associate With user names. If the gate 
keeper needs to send data to a tunneled client, sending to the 
“fake” address Will indicate to the TDP to tunnel the data to 
the appropriate client. 

[0124] Once registered, a tunnel 655-670 Will stay open as 
long as there is a packet transmission. Occasional activity as 
part of H.323 RAS messaging Will keep a tunnel open. 

[0125] Additionally, once the name and IP address are 
registered and tunnel created, an application service side 
server can initiate calls to a client 625-640 even if the client 
is behind a ?reWall at a private address. So long as a client 
625-640 occasionally sends some data to the server side IP 
address, a tunnel 655-670 Will stay open. 

[0126] Once the tunnels to the gatekeeper are established, 
either an endpoint or the gatekeeper can initiate an H.323 
call. Q.931 and H.245 control information is exchanged 
through the tunnel. These TCP-based tunnels are created as 
normal TCP connections but may multiplex one or more 
TCP connections requested by an application. All TCP 
connections requested by an application (i.e., H.323 control 
information like Q.931, T.120 channels, etc.) on a client or 
local machine are tunneled as Type I data connections. 

[0127] A problem arises When the endpoints and the MCU 
Want to exchange RTP-based (real-time transport protocol) 
media over channels 655-670, and the gatekeeper 615 and 
MCU 620 are on separate IP addresses. Both the client 
(client numbers here) and MCU 620 may start sending 
media at the same time, so some of the packets sent from the 
MCU 620 to the client endpoints 625-640 Will not go 
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anyWhere until an endpoint sends at least one packet to open 
the tunnel to the MCU 620. Since the IP/ports match in each 
direction the tunnel plug-in on the MCU can easily ?nd 
Which tunnel to send the data on once it is opened. When a 
NAT is involved, hoWever, the problem is more compli 
cated. 

[0128] RAS registrations register an IP With one or more 
aliases. The IP address that an endpoint Will register is the 
local address, Which generally Will be a private address. This 
local address is typically unreachable from the outside a 
private netWork, as Well as indistinguishable from private 
addresses from other private netWorks. When a call to a 
registered endpoint is placed, the gatekeeper 615 must 
resolve an alias to an IP address. In many cases, there Would 
be multiple private addresses registered With different 
aliases With there being no Way to distinguish one from the 
other. 

[0129] To solve the problem of distinguishing addresses 
from one another, the TDP and TSP is con?gured to snoop 
some H.323 protocol messages and reWrite some of the 
address information embedded in the protocol. 

[0130] When the TP server 615 detects a tunnel being 
opened from a NAT TCP client, the TP may be instructed to 
snoop the application protocol for that tunnel. This Will 
activate a protocol speci?c module for the protocol in 
question. For H.323 from NAT clients, the folloWing occurs. 

[0131] First, RAS registrations 645, 650, 675, 680 are 
monitored by the server 615, and for each tunnel from a NAT 
client several items are monitored and maintained by the TP. 
For example, the TP stores the source address the tunnel 
came from and the private IP and alias information in the 
RAS Registration Request (RRQ). The TP Will also re-Write 
the packet and substitute a fake non-routable IP address for 
the private address from a normally unusable range, such as 
128.x.x.x. 

[0132] When the MCU server 620, gatekeeper 615, or an 
endpoint 625, 630, 635 or 640 tries to initiate a call, the call 
Will be initiated With the generated address. Once the call 
gets to the gatekeeper TDP, the TDP Will ?nd the appropriate 
tunnel to match the generated address. 

[0133] At some point before the RTP media channels are 
started, the TP server (gatekeeper 615 in this case) Will have 
to send the generated address information back to TP client 
625-640. The MCU Will receive the generated address 
information When the client’s RTP data causes a tunnel to be 
opened to the MCU. When the MCU 620 tries to send RTP 
to the generated address, the MCU TP Will match this With 
the recent incoming tunnel from the TP client and knoW 
Where to send the media. 

[0134] The system 600 is particularly useful in establish 
ing various conferencing features. For example, suppose a 
user Wishes to join or be invited in to an existing conference. 
Multiple tunnels may need to be generated to the gatekeeper 
615 and the MCU server 620 (acting as a conferencing 
server) to support multiple communication tunnels. In one 
approach, clients 625-640 register With gatekeeper 615 and 
receives a “fake” IP address assigned to a client’s TSP by the 
gatekeeper TP to use as an IP address. 

[0135] FIG. 12 depicts a simpli?ed version Where tWo or 
more tunnels can be established to more than one service. In 
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system 1100, a client 1130 is separated from a gatekeeper 
1110 and a conference server 1120 by a ?rewall, NAT or 
proxy 1140. Gatekeeper 1110 corresponds to gatekeeper 615 
and conference server 1120 corresponds to MCU server 620. 
The gatekeeper 1110 and conference server 1120 are coupled 
over line 1115. 

[0136] Service is established to the gatekeeper and con 
ference server by the client 1130 through tunnels created and 
maintained by TP in accordance With the present invention. 
The client 1130 can register With gatekeeper 1110 over a 
tunnel established, for example, in accordance With the data 
How diagram in FIG. 11. In such a case, the client 1130 Will 
receive back a generated “fake” IP for the TSP to of the 
client 1130 to use as an IP address. 

[0137] To join an existing conference, a client could 
connect directly to the conference through NAT/?reWalls as 
a client could do as described With respect to system 300. 
The server 620 receives the “fake” IP address from the 
client. This fake IP address is used by the gatekeeper TP to 
differentiate duplicate private addresses and associate spe 
ci?c clients With speci?c tunnels. The gatekeeper 615 and 
server 620 see the same IP address for any client. 

[0138] In the case Where a client is invited by the system 
to a conference, an invitation may come from the gatekeeper 
for Which there Would already be a tunnel alloWing the 
incoming invitation through the ?reWall/NAT/proxy. The 
invitation could contain the destination server 620 to con 
nect to so that the client Would be establishing a tunnel 
similar to system 300. In the case of H.323 or SIP protocol, 
the client-side TSP must parse H.245 messages or SIP 
invites from the gatekeeper 615 or SIP proxy to ?nd out the 
RTP and RTCP addresses the conferencing server 620 is 
expecting to use. 

[0139] Another advantage of tunneling in accordance With 
the present invention is that one can deploy services With 
clients having different ?reWall protection. For example, the 
TP can be installed on different client endpoints even if some 
clients are behind a NAT/?reWall and others are con?gured 
With a proxy server. Additionally, on the application server 
side or a corporate netWork side, the TP can be easily 
installed on corporate sites. To highlight both of these 
advantages; reference is made to FIG. 8 Where the present 
invention is deployed in a multi-site con?guration 700. 

[0140] Acentral of?ce 710 is coupled to a plurality of sites 
720, 730 through netWork 740. A ?rst site 720 contains a 
desktop client 755 coupled to TP 760. Site 720 is coupled to 
netWork 740 over connection 727, Which such connection 
can be similar to connections 62', 64' described earlier. Site 
730 contains a desktop client 745 coupled to TP 750. Site 
730 is coupled to netWork 740 over connection 737, Which 
such connection can be similar to connections 62', 64' 
described earlier. 

[0141] Site 720 corresponds to system 500 in that client 
755 is separated from a ?reWall 725 by HTTP proxy 765. 
Site 730 corresponds to system 300 in that plug-in 750 is 
coupled to a ?reWall 735 Without an intervening HTTP 
proxy. The application of the TP of the present invention can 
be installed on each client endpoint (or, for example, on an 
external server serving multiple clients at a site, as in the 
case depicted in FIG. 4) and support other multiple client 
con?gurations. HoWever, depending on the corporate con 
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?guration, in accordance With the teachings provided herein, 
the desktop 770 may or may not need TP 775 installed. For 
example, We again refer to a case of a server already having 
the TP installed serving multiple clients at a site not having 
the TP installed, as in the case depicted in FIG. 4. 

[0142] Central o?ice side 710 may include one or more 
of?ce desktops 770. TP 775 can be installed on desktop 770 
to enable a desktop application to transmit and receive voice, 
video, and other data over the Internet 740 and alloWing the 
exchange of HTTP, TCP/IP and UDP type data packets 
through tunnel connections created betWeen the desktop and 
devices on other sides of a ?reWall 705 or 715. 

[0143] Proxy 780 and router 785 act as a DMZ netWork 
inserted betWeen a company’s private netWork 710 and the 
outside public netWork 740. The DMZ alloWs outside users 
to get access to a service. Corporate netWorks commonly 
utiliZe a DMZ netWork to deploy certain services but prevent 
external devices from accessing internal IP addresses. Since 
the DMZ is often separated from internal or external users 
by a proxy, ?reWall or NAT, TP 775 can be installed on 
devices in the DMZ. 

[0144] Additionally, DMZs themselves are commonly 
separated from netWork 740 by a ?reWall 715. Connections 
717, 793, 798 and connections to the netWork 740 from 
?reWall 715 are similar to connections 62', 64', described 
above. Corporate netWork 710 may be coupled to an external 
server, such as a MCU or conferencing server 790. MCU 
790 is preferably similar in all respects to MCU 620 
described above. Similarly, a gateWay server 795 may be 
coupled to the corporate netWork 710 and similar in all 
respects to the server 615 described above. MCU 790 and 
server 795 may have TPs installed to support tunneling 
through a ?reWall (e.g., ?reWall 705) proxy, or a NAT in 
accordance With the present invention. For example, tunnels 
may be created and maintained betWeen TPs on servers 790, 
795 and the TP 775 for desktop 770 through ?reWall 705. 
Additionally, tunnels may be created and maintained 
betWeen TPs on servers 790, 795 and a TP 760 and/or TP 
750 on open HTTP ports on ?reWall 715. 

[0145] In any event, the present invention adapts very Well 
to a variety of private and corporate netWorks. 

[0146] As previously described, a TP con?guration in 
accordance With the present invention, such as TP 750, 760 
and 775 can be doWnloaded and installed only When needed 
(e.g., based on a test procedure), and such doWnload and 
install Will be transparent to the client or user. 

[0147] Additionally, for any con?guration a TP install can 
take place on each endpoint and/or external server of a 
con?guration to support tunneling Without the requirement 
of a separate system gateWay/proxy or user registration 
process. 

[0148] Further, the novel TP approach taught can support 
virtually any case of packet blockage by a ?reWall, proxy or 
NAT. For example, When either an intended sender or 
recipient of data utiliZes a computer device that is protected 
by a ?reWall that does not alloW transmissions of data using 
connectionless packet protocol and connection-based pro 
tocol, a tunnel can be created and maintained in accordance 
With the present invention by Wrapping the connectionless 
and connection-based protocol in a connection-based pro 
tocol that is permitted to pass the ?reWall. The plug-in 








