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(54) Facilitating dslam-hosted traffic management functionality

(57) One embodiment of the disclosures made
herein is a method for managing traffic flows through a
Digital Subscriber Line Access Multiplexor (DSLAM). In
accordance with such embodiment, the method in-
cludes performing an operation for analyzing a traffic
flow arriving at a DSLAM, wherein a type of the traffic
flow is identified. Analyzing the traffic flow is performed
on at least one of layer 4, layer 5, layer 6 and layer 7 of
an Open Systems Interconnection model. After analyz-
ing the traffic flow (204), an operation is performed for
associating a traffic flow identifier with the traffic flow
(206). The traffic flow identifier corresponds to the type
of the traffic flow. After associating the traffic flow iden-
tifier with the traffic flow (206), an operation is performed
for facilitating identifier-designated processing of the
traffic flow (208). Facilitating identifier-designated
processing (208) is performed at least partially depend-
ent upon at least one of the type of the traffic flow, an
intended recipient of the traffic flow and an originator of
the traffic flow.
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Description

FIELD OF THE DISCLOSURE

[0001] The disclosures made herein relate generally
to Digital Subscriber Line Access Multiplexers
(DSLAMs) and more particularly to facilitating traffic
management functionality at a DSLAM.

BACKGROUND

[0002] Various types of high-bandwidth content (i.e.,
rich content) are now being offered to service subscrib-
ers over Digital Subscriber Line (DSL) connections.
Subscribers accessing high-bandwidth content via DSL
connections are generally referred to herein as broad-
band users. Streamed videos, multicast videos, real-
time communication, videoconferencing and network-
based gaming applications are examples of such high-
bandwidth content offered to broadband users.
[0003] As new types of high-bandwidth content are of-
fered and the number of broadband users continues to
grow, networks carrying traffic corresponding to such
high-bandwidth content will need to be enhanced to ad-
dress dramatic increases in both bandwidth usage and
traffic. These increases in bandwidth usage and traffic
will adversely affect performance in conventional net-
work implementations. Saturation of a service provider's
relatively high-bandwidth connections to the Internet,
which are expensive to maintain and operate, is one ex-
ample of such adverse affect associated with conven-
tional network implementations.
[0004] Even though DSL connections can typically be
provisioned at data rates that are dozens of times faster
than current dial up lines, actual DSL connections of
many broadband user's often do not approach these
provisioned data rates. In many instances, a "bottle-
neck" effect occurs in the network of an Internet Service
Provider (ISP) or the ISP's Point of Presence (POP) to
the Internet. This bottleneck effect governs actual data
rates.
[0005] A limitation of convention network implemen-
tations with respect to offering high-bandwidth content
is the location from where high-bandwidth content is
served via conventional network implementations. Con-
ventional network implementations typically serve high-
bandwidth content from centralized locations, such as
an ISP's network, the ISP's POP to the Internet and/or
from a content providers server. In some instances,
servers adapted for providing caching functionality (i.e.,
caching servers) have been implemented in the ISP's
network to enhance access to high-bandwidth content.
However, ISP and content providers can be relatively
far from the edge of a broadband user's DSL access
network, which adversely affects delivering high-band-
width content in an effective and efficient manner.
[0006] Another limitation of convention network im-
plementations with respect to offering high-bandwidth

content is that DSLAM's are only aware of layer 2 and
layer 3 of an Open Systems Interconnect (OSI) model
(i.e., data link layer and network layer, respectively). Ac-
cordingly, DSLAM's in conventional network implemen-
tations (i.e., conventional DSLAM's) can only make de-
cisions based on these two layers. Making decisions
based on only these two layers limits the degree to
which traffic traversing the DSLAM can be analysed and
organized, thus adversely impacting the ability of deliv-
ering high-bandwidth content in an effective and effi-
cient manner.
[0007] Conventional flow control mechanisms that
enhance the manner in which traffic traversing the
DSLAM can be analysed and organized do exist. How-
ever, such conventional flow control mechanisms are lo-
cated relatively far from the edge of a broadband user's
DSL access network (e.g., at the ISP's POP or in the
ISP's network), thus adversely affecting delivery of high-
bandwidth content. Some of these conventional flow
control mechanisms have evolved primarily from enter-
prise requirements and can address analysing and or-
ganizing traffic traversing the DSLAM at one or more
layers in the OSI model, but are typically unable to de-
liver performance and full-featured functionality re-
quired to support a large carrier network.
[0008] Therefore, methods and equipment adapted
for facilitating traffic management functionality at a
DSLAM in a manner that overcomes limitations associ-
ated with delivering high-bandwidth content via conven-
tional network implementations would be useful.

BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0009]

FIG. 1 depicts a communication apparatus in ac-
cordance with an embodiment of the disclosures
made herein, wherein communication apparatus in-
cludes an access network comprising a plurality of
traffic managed DSLAMs.

FIG. 2 depicts a traffic managed DSLAM in accord-
ance with an embodiment of the disclosures made
herein.

FIG. 3 depicts a DSLAM-hosted server card in ac-
cordance with an embodiment of the disclosures
made herein.

FIG. 4 depicts an embodiment of the traffic access
card depicted in FIG. 2.

FIG. 5 depicts an embodiment of traffic manage-
ment card depicted in FIG. 2.

FIG. 6 depicts a method for facilitating DSLAM-
hosted traffic management functionality in accord-
ance with an embodiment of the disclosures made
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herein.

FIG. 7 depicts an embodiment of the caching card
depicted in FIG. 2.

FIG. 8 depicts an embodiment of facilitating traffic
management functionality for caching a file at a traf-
fic managed DSLAM and serving the file to DSL
subscribers served by a traffic managed DSLAM.

FIG. 9 depicts an embodiment of a method for fa-
cilitating traffic management functionality for serv-
ing a cached file to DSL subscribers served by a
traffic managed DSLAM after the file is cached at
the traffic managed DSLAM by a content provider.

FIG. 10 depicts an embodiment of the storage ac-
cess card depicted in FIG. 2.

FIG. 11 depicts an embodiment of the storage card
depicted in FIG. 2.

FIG. 12 depicts an embodiment of the disk space
manager card depicted in FIG. 2.

DETAILED DESCRIPTION OF THE DRAWING
FIGURES

[0010] The disclosures made herein relate to facilitat-
ing traffic management functionality at an edge of an ac-
cess network via a DSLAM. (i.e., DSLAM-hosted traffic
management functionality). Because a DSLAM is locat-
ed at the edge of an access network, closest to DSL
subscribers served by the DSLAM, traffic management
functionality as disclosed herein is provided in a manner
that bypasses the public Internet (i.e., an example of a
public network) when hosted at a DSLAM. Bypassing
the public Internet allows various types of server func-
tionality to be provided to the DSL subscriber in a fast,
safe and reliable manner relative to conventional net-
work implementations.
[0011] The DSLAM-hosted traffic management func-
tionality disclosed herein represents a distributed ap-
proach to facilitating traffic management. Such a distrib-
uted approach to traffic management enhances scala-
bility of a network by moving traffic management func-
tionality to the edges of the access network. Further-
more, such a distributed approach to facilitating traffic
management supports offering broadband content to a
large number of DSL subscribers without the drawbacks
associated with conventional traffic management ap-
proaches.
[0012] Referring to FIG. 1, a communication appara-
tus 100 in accordance with an embodiment of the dis-
closures made herein is depicted. The communication
apparatus 100 includes a network access 101 (including
a plurality of traffic managed DSLAMS 102), a plurality
of DSL subscriber data processing systems (DPS) 104

and a plurality of content provider servers 106. The plu-
rality of DSL subscriber data processing systems (DPS)
104 are served by a respective one of the traffic man-
aged DSLAMS 102. Each one of the traffic managed
DSLAMS 102 is located at the edge of the access net-
work 101. A DSLAM is an example of an apparatus
adapted for facilitating digital subscriber line access
multiplexing functionality.
[0013] The plurality of content provider servers 106 is
connected to the access network 101. Each one of the
DSL subscriber DPS 104 are capable of communication
with one or more of the content provider servers 106 via
a respective one of the traffic managed DSLAMS 102.
As disclosed herein in greater detail below, the traffic
managed DSLAMS 102 are adapted for managing de-
livery of content (i.e., one or more files) from the content
provider servers 106 to the DSL subscriber DPS 104 in
a manner that extends traffic flow and bandwidth capac-
ity within the access network 101.
[0014] The traffic managed DSLAMS 102 depict em-
bodiments of DSLAMS adapted for providing traffic flow
processing functionality (i.e., DSLAM-hosted traffic
management functionality). Providing traffic manage-
ment functionality at the edge of the access network dis-
tributes traffic management functionality throughout the
access network 101. Distributing traffic management
throughout the access network at the DSLAMS 102 con-
tributes to scalability of the access network 101 and con-
tributes to extending traffic flow and bandwidth capacity
within the access network 101.
[0015] FIG. 2 depicts an embodiment of one of the
traffic managed DSLAMS 102 (i.e., a traffic managed
DSLAM 102) depicted in FIG. 1. The traffic managed
DSLAM 102 includes a traffic access card 108, a traffic
management card 110, a caching card 112, a storage
access card 114, a storage card 116 and a disk space
manager card 118, which are all DSLAM-hosted server
cards. The traffic access card 108, the traffic manage-
ment card 110, the caching card 112, the storage access
card 114, the storage card 116 and the disk space man-
ager card 118 are interconnectable to each other
through a backplane 120 of the traffic managed DSLAM
102. In this manner, cross-connections are capable of
being made between each of these various cards.
[0016] It is contemplated and disclosed herein that the
traffic access card 108, the traffic management card
110, the caching card 112, the storage access card 114,
the storage card 116 and the disk space manager card
118 may each be cards that plug into one or more slots
(e.g., depending on size, power consumption, etc) of a
chassis (not shown) of the traffic managed DSLAM 102.
It is also contemplated and disclosed herein that, in at
least one embodiment (not shown) of the disclosures
made herein, at least one of the caching card 112, the
storage access card 114 (and thus the storage unit 122),
the storage card 116 and the disk space manager card
118 are omitted from the traffic managed DSLAM 102.
In such cases of omission, functionality of an omitted
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card may be provided via another DSLAM-hosted serv-
er card or may be omitted, where applicable and appro-
priate.
[0017] FIG. 3 depicts a DSLAM-hosted server card
122 in accordance with an embodiment of the disclo-
sures made herein. The DSLAM-hosted server card 122
includes a control/management processor 124 and a
server functionality circuit 126 connected to the control/
management processor 124. The DSLAM-hosted serv-
er card 122 communicates with other DSLAM hosted
server cards via a control bus 128 and a data bus 130
(e.g., by a control cross-connection and a data cross-
connection, respectively, through the backplane 120 of
the traffic managed DSLAM 102). The server function-
ality circuit 126 is adapted for implementing a particular
type of functionality (e.g., traffic access functionality,
traffic management functionality, file caching functional-
ity, file storage functionality and storage management
functionality. Although not specifically shown herein, it
is contemplated herein that functionality of the control/
management processor 124 and functionality of the
server functionality circuit 126 may be facilitated by a
single processor (e.g., via the control/management
processor 124).
[0018] Turning now to discussion on specific DSLAM-
hosted server cards and their associated functionality,
an embodiment of the traffic access card 108 is depicted
in FIG. 4. The traffic access card 108 includes a control/
management processor 124 (discussed above in refer-
ence to FIG. 3) and a traffic access circuit 132 (e.g., a
high speed interface circuit) connected to the control/
management processor 108. The traffic access card
108 is adapted for enabling access to traffic arriving at
the traffic managed DSLAM 102 (i.e., inbound traffic).
All or a select portion of traffic arriving at the traffic man-
aged DSLAM 102 is accessible to the traffic manage-
ment card 110 (FIGS. 2 and 5) via the traffic access card
108. Traffic may be provided to the traffic management
card 110 through the backplane 120 (as depicted) or
through an interface (not shown), such as a parallel ca-
ble, connected directly between the traffic access circuit
132 and the traffic management card 110. Where nec-
essary and appropriate, traffic may also be made acces-
sible to other DSLAM-hosted server cards via the traffic
access card 108.
[0019] The traffic management card 110 is adapted
for facilitating DSLAM-hosted traffic management func-
tionality in accordance with embodiments of the disclo-
sures made herein. To this end, traffic flow control is im-
plemented on higher layers of the OSI model as well as
on lower layers. Higher layers of the OSI model refer to
layers 4 through 7 of the OSI model (i.e., the transport
layer, the session layer, the presentation layer and the
application layer, respectively). Lower layers of the OSI
model refer to layers 1 through 3 of the OSI model (i.e.,
physical layer, data link layer and network layer, respec-
tively) Facilitating traffic management on information
and capabilities associated with such higher layers of

the OSI model is advantageous because traffic travers-
ing a DSLAM can be analysed and acted to with greater
granularity than is possible with conventional traffic
management approaches.
[0020] OSI model Layer 1 (i.e., the physical layer)
conveys the bit stream through a network at the electri-
cal and mechanical level. It comprises the hardware for
sending and receiving data on a carrier, including defin-
ing cables, cards and physical aspects. Fast Ethernet,
RS232 and Asynchronous Transfer Mode (ATM) are
communication protocols with physical layer compo-
nents.
[0021] At OSI model Layer 2 (i.e., the data link layer),
transmission units (e.g., data packets) are encoded and
decoded into bits. OSI model Layer 2 furnishes trans-
mission protocol knowledge and management and han-
dles errors in the physical layer, flow control and frame
synchronization. OSI model Layer 2 is divided into two
sub-layers: A Media Access Control (MAC) sub-layer
and a Logical Link Control (LLC) sub-layer. The MAC
sub-layer controls how a data processing system on a
network gains access to data and permission to transmit
it. The LLC sub-layer controls frame synchronization,
flow control and error checking.
[0022] OSI model Layer 3 (i.e., the network layer) pro-
vides switching and routing technologies, creating logi-
cal paths (i.e., known as virtual circuits) for transmitting
data from node to node. Routing and forwarding are
functions of this layer, as well as addressing, internet-
working, error handling, congestion control and packet
sequencing.
[0023] OSI model Layer 4 (i.e., the transport layer)
provides transparent transfer of data between end sys-
tems, or hosts, and is responsible for end-to-end error
recovery and flow control, thus ensuring complete data
transfer.
[0024] OSI model Layer 5 (i.e., the session layer) es-
tablishes, manages and terminates connections be-
tween applications. The session layer sets up, coordi-
nates, and terminates conversations, exchanges, and
dialogues between the applications at each end of a
connection. It facilitates session and connection coordi-
nation.
[0025] OSI model Layer 6 (i.e., the presentation layer)
provides independence from differences in data repre-
sentation (e.g., encryption) by translating from applica-
tion to network format, and vice versa. The presentation
layer works to transform data into the form that the ap-
plication layer can accept. This layer formats and en-
crypts data to be sent across a network, providing free-
dom from compatibility problems.
[0026] OSI model Layer 7 (i.e., the application layer)
supports application and end-user processes. Commu-
nication partners are identified, quality of service is iden-
tified, user authentication and privacy are considered,
and any constraints on data syntax are identified. Eve-
rything at this layer is application-specific. This layer
provides application services for file transfers, e-mail,
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and other network software services. Telnet and File
Transfer Protocol are applications that exist entirely at
OSI model Layer 7. Tiered application architectures are
part of this layer.
[0027] The ability to make decisions on the traffic
flows through a DSLAM at the higher layers of the OSI
layer stack means that at the entry point of the access
network, service providers will have the ability to man-
age their networks with a granularity that has not been
available before in other solutions. This additional func-
tionality allows the service providers to differentiate
services based on the type of traffic that they are carry-
ing and provides tools to create revenue based on these
differentiated services. In addition, this solution is much
more scalable than more centralized approaches of sim-
ilar solutions while capitalizing on the cost savings of
building this functionality into a product already in a car-
rier's network.
[0028] FIG. 5 depicts an embodiment of the traffic
management card 110. The traffic management card
110 is adapted for managing a rules database (e.g.,
stored elsewhere in the traffic managed DSLAM 102)
and for making decisions based on traffic flow informa-
tion in headers of traffic flow transmission units ((e.g.,
cells, packets, etc). A service provider administrator will
be able to communicate with the traffic management
card 110 via an Element Management System (no
shown) that manages the DSLAM or a by an application
written specifically to manage the traffic management
functionality via a separate connection in the access
network to the traffic management card 110.
[0029] The traffic management card 110 includes a
control/management processor 124 (discussed above
in reference to FIG. 3) and a traffic management circuit
134 (e.g., a high speed interface circuit) connected to
the control/management processor 124. The traffic
management card 110 is adapted for facilitating differ-
entiated processing of various types of traffic flows ar-
riving at the traffic managed DSLAM 102. All or a select
portion of traffic arriving at the traffic managed DSLAM
102 is accessible to the traffic management card 110 via
the traffic access card 108. Traffic may be provided to
the traffic management card 110 through the backplane
120 (as depicted) or through an interface (not shown),
such as a parallel cable, connected directly between the
traffic access circuit 132 and the traffic management
card 110.
[0030] The traffic management circuit 134 includes a
traffic flow analysing module 136, a traffic flow process-
ing module 138 and a traffic flow queue module 140.
The traffic flow analysing module 136 is connected be-
tween the control/management processor 124 and the
traffic flow processing module 138. The traffic flow an-
alysing module 136 facilitates analysing traffic arriving
at the traffic managed DSLAM 102 (i.e., traffic provided
by the traffic access card 108) for enabling traffic flow
information to be determined. A type of a traffic flow, an
intended recipient of a traffic flow and a designated orig-

inator of a traffic flow are examples of traffic flow infor-
mation. The traffic processing module 138 facilitates
performing traffic management processes dependent
upon information identified by the traffic flow analysing
module 136. The traffic flow queue module 140 enables
differentiated transmission of traffic flows.
[0031] Facilitating traffic management functionality in
accordance with at least one embodiment of the disclo-
sures made herein relies on flow control parameter func-
tionality within the access network 101 (i.e., not in the
traffic managed DSLAM 102) and on traffic manage-
ment functionality within the traffic managed DSLAM
102 (e.g., via the traffic management card 110). The flow
control parameter functionality is capable of being pro-
vided by a flow control parameter server that maintains
flow control parameters for each traffic managed
DSLAM 102. The traffic management functionality is ca-
pable of being provided by the traffic management card
110, which processes the parameters through inspec-
tion of each transmission unit, which travels through it.
The parameters used during inspection of the transmis-
sion units are received via a protocol between the traffic
management card 110 and one or more flow control pa-
rameter servers (not shown) that maintain flow control
parameters (e.g., in a database) for each traffic man-
aged DSLAM 102 in the access network 101.
[0032] Managing a plurality of traffic flows associated
with a single DSL subscriber is an example of traffic
management functionality in accordance with an em-
bodiment of the disclosures made herein. In such an ex-
ample, traffic is analysed as it arrived at a traffic man-
aged DSLAM. Upon analysing the traffic, it is deter-
mined that a Video traffic flow, an e-mail traffic flow and
an Internet traffic flow are destined for a particular DSL
subscriber data processing system. A database is then
accessed and entries are found that state: 1.) when a
transmission flow of a video type is received for the par-
ticular DSL subscriber, priority of the traffic flow is in-
creased to a designated level and bandwidth for that
traffic flow is guaranteed at 1.5 Mbit, 2.) priority of e-mail
traffic flows for the particular DSL subscriber is set to
"best effort", not exceeding 64Kbit and 3.) Internet flows
are not affected in either way (e.g., the traffic flow by-
passes further processing).
[0033] FIG. 6 depicts a method 200 for facilitating
DSLAM-hosted traffic management functionality. A traf-
fic management card in accordance with an embodi-
ment of the disclosures made herein (e.g., the traffic
management card 110) is capable of carrying out the
method 200. An operation 202 is performed for receiving
traffic comprising a plurality of traffic flows (i.e., inbound
traffic flows). In response to receiving the traffic, an op-
eration 204 is performed for analysing the traffic flows
for determining traffic flow information. In response to
determining traffic flow information of a traffic flow, an
operation 206 is performed for associating a traffic flow
identifier, which is dependent upon the traffic flow infor-
mation, with the traffic flow. Tagging traffic flow trans-
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mission units (e.g., ATM cells) of the traffic flow with a
designation corresponding to the traffic flow information
is an example of associating the traffic flow identifier with
the traffic flow. It is contemplated herein that certain traf-
fic may bypass further processing once analysed.
[0034] In response to associating the traffic flow iden-
tifier with the traffic flow, an operation 208 is performed
for facilitating identifier-designated traffic flow process-
ing for accomplishing traffic management functionality
corresponding to the traffic flow identifier (i.e., identifier-
designated traffic flow processing). Examples of facili-
tating identifier-designated traffic flow processing in-
clude provisioning one or more connections (e.g., band-
width and/or Quality of Service related parameters), set-
ting a traffic flow priority level, directing a traffic flow to
a designated traffic flow transmission queue, facilitating
modification or deletion of designated traffic flow content
(e.g., designated in a rules database), implementing
functionality for maintaining a certain QoS guarantee,
facilitating termination of a traffic flow transmission, fa-
cilitating redirection of a traffic flow from an intended re-
cipient to another recipient (e.g., as designated in a
rules database), caching a file in DSLAM-hosted stor-
age and serving a file from DSLAM hosted storage. Pro-
visioning one or more connections, setting a traffic flow
priority level, directing a traffic flow to a designated traffic
flow transmission queue, facilitating modification of traf-
fic flow content, facilitating termination of a traffic flow
transmission, caching a file in DSLAM-hosted storage
and serving a file from DSLAM hosted storage are ex-
amples of traffic management processes in accordance
with embodiments of the disclosures made herein.
[0035] The method 200 and apparatuses adapted for
carrying out the method 200 are capable of performing
a first traffic management process on a first traffic flow
arriving at a DSLAM and performing a second traffic
management process on a second traffic flow arriving
at the DSLAM. To this end, the first traffic flow process
accomplishes a first traffic management functionality
and the second traffic flow process accomplishes a sec-
ond traffic management functionality different than the
first traffic management functionality. The first traffic flow
and the second traffic flow are analyzed prior to perform-
ing the first traffic management process and the second
traffic management process, respectively, such that a
respective type of the first traffic flow and the second
traffic flow are identified. In response to analyzing the
first traffic flow and the second traffic flow, a first traffic
flow identifier is associated with the first traffic flow and
a second traffic flow identifier is associated with the sec-
ond traffic flow. The first traffic flow identifier and the sec-
ond traffic flow identifier correspond to the respective
type of the first traffic flow and the second traffic flow.
The first traffic management process and the second
traffic management process are performed in a manner
at least partially dependent upon the type of the first traf-
fic flow and the second traffic flow, respectively.
[0036] The ability to facilitate traffic management

functionality in the manner disclosed herein provides a
considerable improvement over conventional (e.g.,
more centralized) approaches to traffic management
functionality. These conventional approaches generally
use relatively fast, but expensive, processors to handle
the traffic in a centralized manner. These conventional
approaches are still limited by the number of subscribers
and flows that they can realistically analyse, provision
and maintain. By facilitating traffic management func-
tionality in a distributed manner as disclosed herein, rel-
atively simple and cost-effective equipment (e.g., proc-
essors) may be used.
[0037] As briefly discussed above, caching files at the
traffic managed DSLAM 102 and serving files from the
traffic managed DSLAM 102 (i.e., DSLAM-hosted cach-
ing functionality) are examples of traffic management
processes in accordance with embodiments of the dis-
closures made herein. Caching files in storage hosted
at the traffic managed DSLAM 102 (i.e., (DSLAM-host-
ed storage) dramatically reduces a distance over which
files need to be transmitted when serving the files to DSL
subscribers served by the traffic managed DSLAM 102.
Accordingly, the quality and quantity of content (partic-
ularly high-bandwidth broadband content) delivered to
DSL subscribers served by the traffic managed DSLAM
102 can be greatly enhanced while the cost of delivery
is reduced dramatically. DSLAM-hosted caching func-
tionality represents an efficient and effective means for
addressing bandwidth usage and traffic issues associ-
ated with serving bandwidth-intensive content to DSL
subscribers.
[0038] DSLAM-hosted caching functionality as dis-
closed above is virtually invisible to DSL subscribers
served by the traffic managed DSLAM 102. Further-
more, there is no need for additional Virtual Connection
(VC's) or operational changes for such DSL subscribers.
Cached files may be guaranteed to be up to date. The
use of intelligent redirects insures that the geographi-
cally and/or logically closest files to a DSL subscriber
requesting such content would be used even if the cach-
ing functionality in the traffic managed DSLAM closest
to a particular DSL subscriber failed.
[0039] DSLAM-hosted caching functionality as dis-
closed herein allows content providers to provide and
sell content with a much more efficient and cost effective
approach than offered by conventional solutions. Such
DSLAM-hosted caching functionality aids in the growth
of the content distribution industry. Furthermore, this
DSLAM-hosted caching functionality provides service
provides (e.g., Internet service providers) with an addi-
tional revenue generating service that works seamlessly
with their current investments in their network. Though
this DSLAM-hosted caching functionality, service pro-
viders dramatically reduce their operational expense
budget by not having to carry high bandwidth content
back through their network or to the Internet POP.
[0040] Presently, DSL lines can typically be provi-
sioned at dozens of times faster rates than current dial
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up lines. However, a DSL subscriber's experience often
does not approach these speeds because there is a
"bottleneck" effect that occurs in the service providers
network or Point of Presence (POP) to the Internet.
Caching files at a traffic managed DSLAM provides
service providers with a low-investment solution for ac-
commodating traffic volume and bandwidth require-
ments that are being placed or that will be placed on
their broadband access networks.
[0041] FIG. 7 depicts an embodiment of the caching
card 112. The caching card 112 includes a control/man-
agement processor 124 (discussed above in reference
to FIG. 3) and a caching circuit 142 connected to the
control/management processor 124. The caching card
112 is adapted for facilitating caching of files in the traffic
managed DSLAM 102 and for serving such cached files
to DSL subscribers served by the traffic managed
DSLAM 102. The caching card 112 would communicate
to the access network 101 via another card of the traffic
managed DSLAM 102 (e.g., the traffic access card 108)
or via a network termination card of the traffic managed
DSLAM 102.
[0042] Traffic flows containing files that are identified
by the traffic management card 110 as meeting pre-
scribed caching criteria are directed to the caching card
112. Furthermore, the caching card 112 manages all up-
dates to cached files as well as what files should be re-
moved as a result of being "expired" due to inaccuracy
or lack of use. Also, as discussed below in greater detail,
an authorized content provider may upload files to the
caching card for being served from the traffic managed
DSLAM 102. Files may be provided to the caching card
112 through the backplane 120 (as depicted) or through
an interface (not shown), such as a parallel cable, con-
nected directly between the caching circuit 142 and the
traffic management card 110 or the traffic access card
108.
[0043] The caching circuit 142 includes a caching
control module 144, a memory module 146 (i.e., volatile
storage) and a hard drive 148 (i.e., non-volatile storage).
It is contemplated that the caching circuit may include a
plurality of other hard drives (not shown) in addition to
the hard drive 148. A Random Access Memory module
is an example of the memory module 146. The caching
control module 144 is connected between the control/
management processor 124 and each of the memory
module 146 and the hard drive 148.
[0044] In at least one embodiment of the disclosures
made herein, the caching card 112 is adapted for deter-
mining what content (e.g., a file in a traffic flow) is being
accessed on a regular basis by DSL subscribers served
by the traffic managed DSLAM 102 used the most and
for storing a copy of that content locally in DSLAM-host-
ed storage (e.g., volatile and/or non-volatile storage).
For example, Dynamic RAM (generally referred to as
DRAM) would generally be used for caching content that
is most frequently being accessed. Available disk stor-
age space would be used as a "paging file" to maintain

a copy of content from the Internet or an intranet that is
not being accessed as frequently. Content that is sel-
dom being accessed (or first time accessed) from the
Internet or an intranet would be pulled from a normal
pipe connection of the DSLAM service provider. Content
is cached temporarily and is removed periodically to
make room for newer content, if not used. The caching
card 112 is also adapted for verifying the validity of con-
tent and keeping the content up to date.
[0045] FIG. 8 depicts an embodiment of a method 300
for facilitating traffic management functionality (as dis-
cussed above in reference to FIG. 6) for accomplishing
caching a file at a traffic managed DSLAM and serving
the file to DSL subscribers (i.e., DSL subscriber data
processing systems) served by a traffic managed
DSLAM. An operation 302 is performed for receiving a
traffic flow containing a file at a traffic managed DSLAM.
The traffic flow is destined for a DSL subscriber served
by the traffic managed DSLAM. In response to receiving
the traffic flow, an operation 304 is performed for ana-
lysing the traffic flow for determining whether the file
complies with file caching criteria (e.g., the file has been
requested x times within y minute). In response to the
file being determined to be in non-compliance with the
file caching criteria, an operation 306 is performed for
serving the file to the DSL subscriber from an upstream
network node via the traffic managed DSLAM. If the file
is compliant with the file caching criteria, an operation
308 is performed for storing the file (i.e., a copy of the
file) in RAM (i.e., DSLAM-hosted volatile storage).
[0046] After the file is stored in RAM of the traffic man-
aged DSLAM, an operation 310 is performed for serving
the file to each DSL subscriber that request reception of
the file within designated cache duration after the file is
stored in RAM. Once the designated cache duration has
elapsed, an operation 312 is performed for assessing
file access for determining whether the file is in compli-
ance with file retention criteria (e.g., the file has been
requested x times within y hours). In response to the file
being in compliance with the file retention criteria, the
file remains in RAM and continues to be served to each
DSL subscriber that request reception of the file within
a next designated cache duration, so long as the file
continues to comply with the file retention criteria.
[0047] In response to the file being in non-compliance
with the file retention criteria, an operation 314 is per-
formed for moving the file to a storage drive (i.e.,
DSLAM-hosted non-volatile storage). After the file is
moved to the storage drive, an operation 316 is per-
formed for assessing whether a file purge criteria is met
(e.g., the file has not been requested A times within B
hours). In response to the file purge criteria being met,
an operation 318 is performed for deleting the file from
the storage drive. In response to the file purge criteria
not being met, the file remains in the storage drive, until
the file purge criteria is met.
[0048] It is contemplated herein that a file requested
by a DSL subscriber of the traffic managed DSLAM may
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already be cached in non-volatile storage (e.g., on a
storage drive) of the traffic managed DSLAM when the
traffic flow is received. Accordingly, in instances where
the file must be served from RAM (i.e., volatile storage),
an operation is performed for moving the file from non-
volatile storage to RAM. Copying a file from a first loca-
tion to a second location and deleting the file from the
second location is an example of moving a file.
[0049] In at least one embodiment of the disclosures
made herein, the caching card 112 is adapted for facil-
itating caching of a file at a request by a content provider
and serving the file to DSL subscribers served by the
traffic managed DSLAM 102. The content provider is au-
thorized (e.g., via leasing hard drive and/or memory
space) to host their content in one or more traffic man-
aged DSLAMS 102 at the edge of the access network
101. To this end, content of the service provider resides
in at least one traffic managed DSLAM 102 and does
not depend on any other portion of the access network
101 or the public Internet for delivery. This approach to
caching files allows the content provider to offer higher
quality content in a faster and more reliable manner.
[0050] FIG. 9 depicts an embodiment of a method 350
for facilitating traffic management functionality (as dis-
cussed above in reference to FIG. 6) to accomplish serv-
ing a file to DSL subscribers (i.e., DSL subscriber data
processing systems) served by a traffic managed
DSLAM after the file is cached at the traffic managed
DSLAM by a content provider. An operation 352 is per-
formed for receiving a traffic flow, which is destined for
a content provider POP from a DSL subscriber served
by the traffic managed DSLAM. After receiving the traffic
flow, an operation 354 is performed for analysing the
traffic flow for determining the traffic flow information,
whereby it is determined that the traffic flow includes a
request for a designated file (i.e., content from the con-
tent provider). After determining that the traffic flow in-
cludes a request for the designated file, an operation
356 is performed determining a caching availability of
the file (i.e., is the file already cached). In response to
the file being cached in DSLAM-hosted storage of the
traffic managed DSLAM which serves the DSL subscrib-
er, an operation 358 is performed for serving the file to
the DSL subscriber from the DSLAM-hosted storage of
the traffic managed DSLAM. In response to the file not
already being cached, an operation 360 is performed for
serving the file to the DSL subscriber from an upstream
network node via the traffic managed DSLAM.
[0051] It should be understood that the term caching
as used herein refers to a file stored on DSLAM hosted
storage, rather than a particular type of DSLAM-hosted
storage (e.g., volatile or non-volatile). The benefit of fa-
cilitating caching in accordance with embodiments of
the disclosures made herein stems more from files be-
ing served from the traffic managed DSLAM 102 rather
than from a particular type of DSLAM-hosted storage.
Accordingly, a file cashed in accordance with an embod-
iment of the disclosures made herein may be served

from DSLAM-hosted volatile storage or from DSLAM-
hosted non-volatile storage.
[0052] It is contemplated herein that traffic manage-
ment functionality (e.g., DSLAM-hosted caching func-
tionality) may be implemented using any one of a plu-
rality of DSLAM-hosted storage in the traffic managed
DSLAM 102 (FIG. 2). Storage resident on the caching
card 112, the storage card 116 and the storage unit 122
each represent DSLAM-hosted storage. Accordingly,
files may be cached in storage of any one of the caching
card 112, the storage card 116 and the storage unit 122.
[0053] FIG. 10 depicts an embodiment of the storage
access card 114. The storage access card 114 facilitates
access to and from the storage unit 122. To this end, the
storage access card 114 includes a control/manage-
ment processor 124 (discussed above in reference to
FIG. 3). The storage access card 114 is connected to
the storage unit 122 via a high-speed interface 150. Ex-
amples of the high-speed interface 150 include a gigabit
Ethernet link, a high-speed serial link and a parallel data
cable. In the depicted embodiment, the high-speed in-
terface 150 terminates directly into the control/manage-
ment processor 124. In another embodiment (not
shown), a storage access circuit is connected between
the control/management processor 124 and the high-
speed interface 150.
[0054] The storage unit 122 is co-located with the traf-
fic managed DSLAM 102 and is a network element of
the access network 101. Because the storage unit 122
is not mounted within the traffic managed DSLAM 102,
many attributes associated with the storage unit 122,
such as power consumption, heat dissipation and size,
do not directly impact the design of the traffic managed
DSLAM 102. Furthermore, because the storage unit 122
is not mounted within the traffic managed DSLAM 102,
the storage unit 122 may be an off-the-shelf storage de-
vice.
[0055] FIG. 11 depicts an embodiment of the storage
card 116. As depicted, the storage card 116 includes a
control/management processor 124 (discussed above
in reference to FIG. 3) and a series of discrete storage
devices 152 mounted on a printed circuit board 154. The
printed circuit board 154 is adapted for being mounted
in one or more slots of the chassis of the traffic managed
DSLAM 102. Attributes such as size, power consump-
tion, etc will affect how many slots the card will be
mounted in. Hard drive units designed for use in person-
al computers and/or laptop computers are one example
of the discrete storage devices 152. RAM modules are
another example of the discrete storage devices 152.
[0056] In addition to facilitating communication via the
backplane 120 of the traffic managed DSLAM 102, the
control/management processor also manages access
to and from the discrete storage devices 50 via the con-
trol bus 128 and the data bus 130 (discussed above in
reference to FIG. 3). The control bus 128 is provided
between each one of the discrete storage devices 152
and the control/management processor 124. The data
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bus 130 is connected between each one of the discrete
storage devices 152 and the control/management proc-
essor 124.
[0057] FIG. 12 depicts an embodiment of the disk
space management card 118. As depicted, the disk
space management card 118 includes a control/man-
agement processor 124 (discussed above in reference
to FIG. 3) and a disk space management circuit 156.
The disk space management circuit 156 facilitates func-
tionality for enabling authorized parties (e.g., authorized
DSL subscribers, authorized content providers, etc) to
manage their respective files stored on DSLAM-hosted
storage (e.g., storage of the caching card 112, the stor-
age card 116 and the storage unit 122). For example, a
storage access application (not shown) running on a
content provider data processing system communicates
with the disk space manager 118 for accessing DSLAM-
hosted storage that is assigned (e.g., leased by) to the
content provider. Through communication between the
disk space management card 118 and the storage ac-
cess application running on a content provider data
processing system, the content provider can store files,
retrieve files and deletes files from assigned DSLAM-
hosted storage.
[0058] In the preceding detailed description, refer-
ence has been made to the accompanying drawings
that form a part hereof, and in which are shown by way
of illustration specific embodiments in which the inven-
tion may be practiced. These embodiments, and certain
variants thereof, have been described in sufficient detail
to enable those skilled in the art to practice the invention.
It is to be understood that other suitable embodiments
may be utilized and that logical, mechanical, chemical
and electrical changes may be made without departing
from the spirit or scope of the invention. For example,
functional blocks shown in the figures could be further
combined or divided in any manner without departing
from the spirit or scope of the invention. To avoid unnec-
essary detail, the description omits certain information
known to those skilled in the art. The preceding detailed
description is, therefore, not intended to be limited to the
specific forms set forth herein, but on the contrary, it is
intended to cover such alternatives, modifications, and
equivalents, as can be reasonably included within the
spirit and scope of the appended claims.

Claims

1. A method for managing traffic flows through a Dig-
ital Subscriber Line Access Multiplexor (DSLAM),
comprising:

analyzing a traffic flow arriving at a DSLAM,
wherein a type of the traffic flow is identified;
associating a traffic flow identifier with the traffic
flow, wherein the traffic flow identifier corre-
sponds to the type of the traffic flow; and

performing identifier-designated processing of
the traffic flow.

2. The method of claim 1 wherein said analyzing is
performed on at least one of layer 4, layer 5, layer
6 and layer 7 of an Open Systems Interconnection
model.

3. The method of claim 1 wherein:

the traffic flow includes a plurality of transmis-
sion units; and
said analyzing includes examining headers of
said transmission units for enabling the type of
the traffic flow to be identified.

4. The method of claim 1 wherein performing said
identifier-designated processing includes provi-
sioning at least one of a Quality of Service (QoS)
related transmission attribute and a bandwidth-re-
lated transmission attribute, wherein said provision-
ing is performed at least partially dependent upon
the traffic flow identifier.

5. The method of claim 1 wherein performing said
identifier-designated processing includes perform-
ing at least one of provisioning a connection, direct-
ing the traffic flow to one of a plurality of differenti-
ated transmission queues and modifying content of
the traffic flow.

6. The method of claim 7 wherein performing said
identifier-designated processing is performed at
least partially dependent upon at least one of the
type of the traffic flow, an intended recipient of the
traffic flow and an originator of the traffic flow.

7. The method of claim 1 wherein:

an intended recipient of the traffic flow is iden-
tified in conjunction with analyzing the traffic
flow;
performing said identifier-designated process-
ing includes modifying at least one of a priority
level and a bandwidth at which the traffic flow
is processed; and
said modifying is at least partially dependent
upon at least one of the type of the traffic flow
and the intended recipient.

8. The method of claim 1 wherein performing said
identifier-designated processing includes directing
the traffic flow to a transmission queue associated
with a particular Quality of Service (QoS) guaran-
tee.

9. The method of claim 8 wherein performing said
identifier-designated processing further includes
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provisioning a connection for enabling the particular
QoS guarantee.

10. The method of claim 1 wherein:

said analyzing the traffic flow includes search-
ing the traffic flow for a designated content com-
ponent; and
performing said identifier-designated process-
ing includes terminating the traffic flow in re-
sponse to identifying the content component
within the traffic flow.

11. The method of claim 1 wherein:

said analyzing the traffic flow includes search-
ing the traffic flow for a designated content com-
ponent; and
performing said identifier-designated process-
ing includes one of deleting the designated con-
tent component from the traffic flow and redi-
recting the traffic flow to another recipient in re-
sponse to identifying the content component
within the traffic flow.

12. The method of claim 1 wherein performing said
identifier-designated processing includes storing a
file contained within the traffic flow in DSLAM-host-
ed storage.

13. The method of claim 12, further comprising:

serving the file from said DSLAM-hosted stor-
age after storing the file in said DSLAM-hosted
storage.

14. The method of claim 12 wherein:

said analyzing the traffic flow includes assess-
ing whether the file is in compliance with a file
caching criteria; and
said storing the file in said DSLAM-hosted stor-
age is performed in response to determining
that the file is in compliance with the file caching
criteria.

15. An apparatus adapted for facilitating Digital Sub-
scriber Line Access Multiplexer (DSLAM) function-
ality, comprising:

a traffic access circuit adapted for enabling ac-
cess to inbound traffic flows;
a traffic management circuit coupled to the traf-
fic access circuit and including a data proces-
sor; and
a data processor program adapted for enabling
the data processor to facilitate:

analyzing a particular one of said inbound
traffic flows, wherein a type of the particular
one of said inbound traffic flows is identi-
fied;
associating a traffic flow identifier with the
particular one of said inbound traffic flows,
wherein the traffic flow identifier corre-
sponds to the type of the particular one of
said inbound traffic flows; and
performing identifier-designated process-
ing of the particular one of said inbound
traffic flows.

16. The apparatus of claim 15 wherein said analyzing
is performed on at least one of layer 4, layer 5, layer
6 and layer 7 of an Open Systems Interconnection
model.

17. The apparatus of claim 15 wherein:

the particular one of said inbound traffic flows
includes a plurality of transmission units; and
enabling the data processor to facilitate said
analyzing includes enabling the data processor
to facilitate examining headers of the particular
one of said transmission units for enabling the
type of the particular one of said traffic flows to
be identified.

18. The apparatus of claim 15 wherein enabling the da-
ta processor to facilitate performing said identifier-
designated processing includes enabling the data
processor to facilitate provisioning at least one of a
Quality of Service (QoS) related transmission at-
tribute and a bandwidth-related transmission at-
tribute, wherein said provisioning is performed at
least partially dependent upon the traffic flow iden-
tifier.

19. The apparatus of claim 15 wherein enabling the da-
ta processor to facilitate performing said identifier-
designated processing includes enabling the data
processor to facilitate performing at least one of pro-
visioning a connection, directing the particular one
of said inbound traffic flows to one of a plurality of
differentiated transmission queues and modifying
content of the particular one of said inbound traffic
flows.

20. The apparatus of claim 19 wherein performing said
identifier-designated processing is performed at
least partially dependent upon at least one of the
type the particular one of said inbound traffic flows,
an intended recipient of the particular one of said
inbound traffic flows and an originator of the partic-
ular one of said traffic flows.

21. The apparatus of claim 15 wherein:
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an intended recipient of the particular one of
said inbound traffic flows is identified in con-
junction with analyzing the particular one of
said inbound traffic flows;
enabling the data processor to facilitate per-
forming said identifier-designated processing
includes enabling the data processor to facili-
tate modifying at least one of a priority level and
a bandwidth at which the particular one of said
inbound traffic flows is processed; and
said modifying is at least partially dependent
upon at least one of the type of the particular
one of said inbound traffic flows and the intend-
ed recipient of the particular one of said in-
bound traffic flows.

22. The apparatus of claim 15 wherein enabling the da-
ta processor to facilitate performing said identifier-
designated processing includes enabling the data
processor to facilitate directing the particular one of
said inbound traffic flows to a transmission queue
associated with a particular Quality of Service
(QoS) guarantee.

23. The apparatus of claim 22 wherein enabling the da-
ta processor to facilitate performing said identifier-
designated processing further includes enabling
the data processor to facilitate provisioning a con-
nection for enabling the particular QoS guarantee.

24. The apparatus of claim 15 wherein enabling the da-
ta processor to facilitate:

said analyzing the traffic flow includes enabling
the data processor to facilitate searching the
particular one of said inbound traffic flows for a
designated content component; and
performing said identifier-designated process-
ing includes enabling the data processor to fa-
cilitate terminating the particular one of said in-
bound traffic flows in response to identifying the
content component within the particular one of
said inbound traffic flows.

25. The apparatus of claim 15 wherein enabling the da-
ta processor to facilitate:

said analyzing the particular one of said in-
bound traffic flows includes enabling the data
processor to facilitate searching the particular
one of said inbound traffic flows for a designat-
ed content component; and
performing said identifier-designated process-
ing includes enabling the data processor to fa-
cilitate one of deleting the designated content
component from the particular one of said in-
bound traffic flows and redirecting the first traf-
fic flow to another recipient in response to iden-

tifying the content component within the partic-
ular one of said inbound traffic flows.

26. The apparatus of claim 15, further comprising:

DSLAM-hosted storage coupled to the traffic
management circuit, wherein enabling the data
processor program to facilitate identifier-desig-
nated processing includes enabling the data
processor to facilitate storing a file contained
within the particular one of said inbound traffic
flows in said DSLAM-hosted storage.

27. The apparatus of claim 26 wherein the data proc-
essor program is further adapted for enabling the
data processor to facilitate:

serving the file from said DSLAM-hosted stor-
age after storing the file in said DSLAM-hosted
storage.

28. The apparatus of claim 26 wherein:

enabling the data processor to facilitate said
analyzing the particular one of said inbound
traffic flows includes enabling the data proces-
sor to facilitate assessing whether the file is in
compliance with a file caching criteria; and
said storing the file in said DSLAM-hosted stor-
age is performed in response to determining
that the file is in compliance with the file caching
criteria.

29. A traffic managed Digital Subscriber Line Access
Multiplexor (DSLAM), comprising:

means adapted for enabling access to inbound
traffic flows; and
means adapted for analyzing said inbound traf-
fic flows to determine a type of each one of said
inbound traffic flow; and
means for performing a traffic management
process on a particular one of said inbound traf-
fic flows, wherein traffic management function-
ality imparted by the traffic management proc-
ess is at least partially dependent upon the type
of the particular one of said inbound traffic
flows.
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