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(57) ABSTRACT 

A method and apparatus for communicating and utilizing 
link connection type characteristics in a communications 
network begins by determining the connection type charac 
teristics for a link within the network. The connection type 
characteristics preferably include the partitioning of the 
available bandwidth of the link. The connection type char 
acteristics for the link are advertised to at least one node in 
the network. The connection type characteristics are then 
used to perform network functions such as selecting routing 
paths for new connections. When a change occurs in the link 
that results in altered connection type characteristics for the 
link, the altered connection type characteristics are deter 
mined and advertised in a similar manner. 
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METHOD AND APPARATUS FOR SUPPORTING 
CONNECTION TYPE PARTITIONING IN A 

COMMUNICATIONS NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/293,297, ?led 04-16-1999, and 
issued as US. Pat. No. 7,012,892 on 03-14-2006. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] The invention relates generally to communication 
systems and more particularly to supporting connection type 
partitioning in communication netWorks. 

[0004] (2) Description of the Related Art 

[0005] Communication betWeen a calling party and a 
called party may be established over a communications 
netWork. Different types of connections, or calls, can exist in 
some communication netWorks. These different types of 
connections include permanent-type connections that gen 
erally ensure a calling party immediate communication 
access to the called party since the connection is perma 
nently established, and sWitched-type connections, Where 
the calling party attempting to reach the called party has no 
guarantee that a connection Will be established. Servicing 
different types of connections alloWs for a communication 
system to support the needs of a variety of users. Although 
individual netWorks dedicated to sWitched and permanent 
type connections can be established to support each type of 
user, it is much more economical and ef?cient to establish a 
single netWork that can support the needs of a variety of 
users. 

[0006] A typical communication system includes a plural 
ity of sWitches that pass data in packets or cells from a 
calling party to the called party and vice versa. The links 
coupling the sWitches may have different data carrying 
capabilities such that the bandWidth available for data com 
munication across each link may vary greatly. 

[0007] One technique that has been used to facilitate 
overall netWork e?iciency and to isolate the impact of one 
service (eg. SVCs) on another (eg. SPVCs) has been to 
partition the bandWidth on individual links among the types 
of service. Partitioning can be used to ensure a certain 
amount of bandWidth across a link is used for permanent 
type connections, Whereas another portion is used for 
sWitched type connections. In other embodiments, partition 
ing can be used to separate the total bandWidth across a link 
betWeen customers, such as in a virtual private netWork 
(VPN) application, or to divide the available bandWidth 
based on a prioritization scheme. The “connection type” of 
a connection is used throughout the application to distin 
guish betWeen the different types of users, priorities, or 
services (eg. SVC vs. SPVC) corresponding to connections 
that utiliZe the various bandWidth partitions. 

[0008] Although partitioning bandWidth across a link can 
ensure that the bandWidth is reserved for a certain connec 
tion type, current call routing systems are not equipped to 
use information regarding partitioning in a netWork to make 
more intelligent routing decisions. For example, if a path or 
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group of links has a large amount of available bandWidth, 
but it is partitioned such that none of the bandWidth is 
available for routing a certain connection type, the routing 
system may still try to route a call of that connection type 
using the path. In some cases, the routing system may try a 
number of inappropriate paths before it blindly stumbles 
upon a path Whose partitioning supports the particular 
connection type. This inef?cient routing reduces some of the 
bene?ts gained from link partitioning and degrades overall 
netWork performance. 

[0009] Therefore, a need exists for a method and apparatus 
that uses partitioning information to make intelligent path 
selection routing and other netWork decisions. The method 
and apparatus should be capable of supporting the variety of 
different types of partitioning that can exist, including con 
nection type partitioning, user partitioning, and partitioning 
based on various prioritiZation schemes. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0010] The present invention may be better understood, 
and its features made apparent to those skilled in the art by 
referencing the accompanying draWings. 

[0011] FIG. 1 illustrates a block diagram of a data com 
munications netWork in accordance With the present inven 
tion; 
[0012] FIG. 2 illustrates a block diagram of a connection 
processor in accordance With the present invention; 

[0013] FIG. 3 illustrates a block diagram of a link char 
acteristic processor in accordance With the present inven 
tion; 
[0014] FIG. 4 illustrates a How diagram of a method for 
establishing a connection in a communications netWork in 
accordance With the present invention; and 

[0015] FIG. 5 illustrates a How diagram of a method for 
communicating link connection type characteristics in 
accordance With the present invention. 

[0016] The use of the same reference symbols in different 
draWings indicates similar or identical items. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] Generally, the present invention provides a method 
and apparatus for communicating and utiliZing link connec 
tion type characteristics in a communications netWork. The 
connection type or other partitioning characteristics for a 
link Within the netWork are ?rst determined, Where the 
connection type characteristics can include the partitioning 
of the available bandWidth of the link betWeen sWitched 
virtual connections (SVCs) and soft permanent virtual con 
nections (SPVCs). In other embodiments, the partitioning 
may be based one user partitioning, priority partitioning, or 
other forms of partitioning bandWidth across links in the 
netWork. The connection type or other partitioning charac 
teristics for the link are advertised to at least one node in the 
netWork, and are preferably relayed to additional nodes 
Within the netWork. The relayed characteristics are used to 
perform netWork functions such as selecting routing paths 
for neW connections. When a change occurs in the link that 
results in altered connection type characteristics for the link, 
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the altered connection type characteristics are advertised in 
a similar manner. By communicating the connection type 
characteristics Within the network, it is possible to route 
connections in an intelligent manner that avoids attempts to 
route a connection of a speci?c connection type through a 
link that does not support, or have available bandWidth for, 
that connection type. 

[0018] Dynamic routing systems in connection oriented 
networks, such as asynchronous transfer mode (ATM) net 
Works, may establish at least tWo different types of connec 
tions. The ?rst of these tWo connections is a sWitched virtual 
connection (SVC). SVCs are typically originated by users or 
customers of the netWork that Wish to establish connections 
on demand. These connections are typically released as soon 
as the connection is no longer required. SVC customers 
expect their connections to be established, but they under 
stand that the netWork may refuse these requests during 
periods of netWorking congestion. This potential inability to 
connect is an understood condition of SVC service, and 
typically the cost of SVC service re?ects this inherent risk. 

[0019] The second type of connection is a permanent 
virtual connection (PVC). Customers subscribing to a PVC 
service expect extremely high uptime for their connection. 
This expectation is independent of netWork failures and 
netWork congestion, and is understood to be part of the PVC 
service. Typically, the cost of PVC service re?ects this 
guaranteed level of uptime. 

[0020] A PVC service is sometimes implemented using 
soft PVCs (SPVCs) in order to help achieve fast and ef?cient 
rerouting in the case of netWork failures. Soft PVCs are also 
often referred to as smart PVCs or sWitched PVCs. SPVCs 
are typically able to reroute connections around failed 
equipment in a more timely manner than is possible With 
other methods. SPVCs also alloW operators to make use of 
dynamic routing protocols to route these connections. 

[0021] SPVCs and SVCs can be established in a netWork 
based on a routing tables constructed to inform the processor 
doing the routing as to the available bandWidth across the 
various links in the netWork. Dynamic routing protocols, 
such as the Private NetWork to NetWork Interface (PNNI) 
established by the ATM Forum alloW for the routing table 
storing the topology of the netWork to be utiliZed to establish 
connections Within the netWork. PNNI supports the service 
categories that are available on each of the links Within the 
netWork, Where the service categories in ATM systems may 
include Constant Bit Rate (CBR), Unspeci?ed Bit Rate 
(UBR), Available Bit Rate (ABR), and the like. These 
different service categories are Well knoWn in the art. 

[0022] The routing table preferably stores the available 
bandWidth for each of the service categories on the links 
Within the netWork. In order to route a connection through 
the netWork using the preferable technique associated With 
routing SVC connections, a designated transit list (DTL) is 
generated that is used by all of the transit nodes in the 
netWork. Transit nodes include nodes betWeen the originat 
ing node and the destination node that transport data packets 
betWeen the tWo for a particular connection. Thus, in a call 
originating at node A that terminates at node D While passing 
through nodes B and C, nodes B and C are transit nodes. 

[0023] If the bandWidth across the links in the netWork is 
generally shared betWeen SVC and SPVC connections such 
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that either can use as much bandWidth as required, it is 
possible that a large number of SVC connections Will sWamp 
the netWork at a time When an SPVC connection needs to be 
routed or rerouted. In this case, the routing options include 
the possibility of bumping, or terminating, enough of the 
SVC connections such that bandWidth is made available for 
the SPVC connection. HoWever, it is knoWn by those of 
ordinary skill in the art that terminating a large number of 
SVC connections in this manner can have a cascading effect 
that causes further degradation in service Within the net 
Work. 

[0024] Apreferred solution that alloWs for SVC and SPVC 
connections to co-exist Within the netWork involves parti 
tioning the available bandWidth on the links in the system 
betWeen SVC and SPVC connections. While this can ensure 
that adequate bandWidth is available for routing and rerout 
ing of SPVC connections, prior art routing systems are not 
capable of generating routing tables based on link utiliZation 
that includes this partitioning information. As such, prior art 
routing systems may understand the available bandWidth on 
a link, but not Whether any of this bandWidth is available for 
an SPVC connection. 

[0025] In other netWorks, partitioning may be based on 
user identity or a particular prioritiZation scheme. For 
example, bandWidth across a link in the netWork may be 
divided up betWeen a number of different users, Where the 
data tra?ic of each user is allocated a certain percentage of 
the overall bandWidth. This provides the functionality of a 
virtual private netWork (VPN), Where each user has a 
guaranteed level of bandWidth across the various links 
Within the netWork. 

[0026] In an example of prioritiZation partitioning, a num 
ber of priority levels may be associated With various calls or 
connections in a netWork. The bandWidth of the links in the 
netWork may be partitioned amongst the priority levels such 
that connections of higher priority are more likely to be 
established. In such a system, a connection may utiliZe 
bandWidth associated With priorities equal to or less than the 
priority of the connection. For example, if there are ?ve 
levels of priority, With level one as the highest and level ?ve 
the loWest, a level one connection may be established across 
bandWidth allocated to any priority level. A connection of 
priority level three could use bandWidth of levels three, four, 
and ?ve. A level ?ve connection Would only be able to utiliZe 
bandWidth of priority level ?ve. Note that this is a rather 
speci?c example of one type of prioritiZation scheme, and it 
should be apparent to one of ordinary skill in the art that a 
variety of prioritization schemes could be used to partition 
and allocate bandWidth in a netWork. 

[0027] As stated earlier, although partitioning based on a 
variety of criteria can alloW the bandWidth resources of a 
netWork to be utiliZed in a certain manner, prior art routing 
systems do not have access to or are unable to utiliZe the 
partitioning information required to make intelligent routing 
decisions. The routing system may repeatedly attempt to 
route connections through links or along paths that have 
available bandWidth, but that don’t have available band 
Width in a partition that corresponds to a particular connec 
tion type, priority level, or user associated With the connec 
tion trying to be established. 

[0028] For example, during routing and rerouting of con 
nections, When a netWork limitation is detected betWeen 
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nodes B and C that prevents a call from being established 
across the link, node B Will detect the problem. As node B 
is merely a transit node, it Will provide this information back 
to node A, Which attempts to establish a neW route. HoW 
ever, because PNNI does not support differentiation betWeen 
connection types (SVC vs. SPVC) or other partitioning 
schemes along the links Within the netWork, routing can 
repeatedly attempt to establish a call along a routing path 
that does not support the connection type required. This 
results in call blocking. In systems that are capable of 
routing around such blocking points, alternate routing Will 
occur, but the alternate path may suffer from the same 
problem. Repeated tries to route a call through links that 
cannot support the call can prevent the call from being 
established entirely. Therefore, more information as to the 
partitioning supported across the links in the system is 
needed by the nodes performing the routing. 

[0029] The solution presented herein determines the spe 
ci?c connection-type or other partitioning characteristics 
across the links Within the netWork and communicates this 
information to the processors performing the routing of the 
connections. The level of granularity of the connection type 
information can be such that the available bandWidth for 
each connection type in a variety of supported service 
categories can be provided to the routing systems. Based on 
this added information, the connection routing processors 
can intelligently route calls or connections such that the 
likelihood of a successful connection being established is 
greatly increased. 

[0030] The invention can be better understood With refer 
ence to FIGS. 1-5. FIG. 1 illustrates a block diagram of a 
connection-oriented netWork. The netWork may be imple 
mented using various technologies, including, but not lim 
ited to, ATM, frame relay, MPLS, and any other connection 
oriented technology that could support connection type 
partitioning. The netWork includes a plurality of sWitches, 
including an originating sWitchA 30 coupled to a number of 
originating parties 10. Each of the originating parties 10 may 
be a router, a netWork coupled to a router, and or an end user 
device such as a personal computer, facsimile machine, 
video telephone, and or any device that receives and or 
transmits data via a communication netWork. The originat 
ing sWitch A 30 provides the originating parties 10 With 
access to the communications netWork such that, through the 
use of the sWitches Within the communications netWork, 
data can be communicated to the destination parties 20. The 
destination parties 20 may be a variety of different entities 
similar to the originating parties 10. 

[0031] Each of the links Within the communications net 
Work is partitioned to include an amount of bandWidth 
dedicated to SVC connections and a possibly different 
amount of bandWidth dedicated to SPVC type connections. 
Note that the connection type partitioning illustrated is only 
one type of partitioning that may be included in a netWork. 
Priority-based, user-based, or other forms of partitioning 
could also be used to demonstrate the advantages of the 
present invention. As illustrated, link AB, Which connects 
the originating sWitch A 30 to sWitch B 40 is capable of 
carrying 10 Megabits/second (M) of SVC traffic, and 5M of 
SPVC traf?c. 

[0032] In order to make intelligent routing decisions using 
the sWitches Within the netWork, the originating sWitch A 30 
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preferably includes a table that stores the bandWidth capa 
bilities for each of the links Within the netWork. By including 
the information describing the partitioning across each of the 
links, the originating sWitch A 30 can make more intelligent 
routing decisions than prior art systems that had to route 
connections Without such information. 

[0033] For example, assume that the originating sWitch A 
30 Wishes to establish a 3M SPVC connection With the 
destination sWitch D 60. In prior art routing systems, the 
total-amount of available bandWidth across each link is 
stored in the routing table, With no differentiation betWeen 
the partitioned resources. As such, a prior art routing system 
may attempt to route the connection from sWitch A 30 
through sWitches B 40 and C 50 to sWitch D 60. The prior 
art routing system Would knoW that there is 15M of available 
bandWidth across link AB, 7M across link BC, and 7M 
across link CD. Based on this, the 3M SPVC connection is 
Within the knoWn limitations of the path, and the call is 
attempted. HoWever, the call is blocked at sWitch B 40, as 
the link betWeen sWitches B 40 and C 50 is partitioned such 
that only 1 M of SPVC bandWidth is available. 

[0034] Once the call is blocked at sWitch B 40, the 
originating sWitch 30 may attempt to route the connection 
from sWitch A 30 through sWitches E 70, F 80, and G 90 to 
destination sWitch D 60. HoWever, once again the call Will 
be blocked. SWitch G 90 Will determine that there is no 
available bandWidth across link GD for SPVC connections 
and Will relay the fact that the call is blocked back to the 
originating sWitch A 30. In some prior art systems, some 
details regarding the blocking of connections may be stored 
and heuristics used to route future connections. HoWever, 
these heuristic prior art systems are often relatively compli 
cated and do not necessarily understand the true reasons Why 
calls are being blocked. As such, they cannot provide the 
needed level of performance. 

[0035] In the prior art systems, the originating sWitchA 30 
may after numerous failed attempts eventually determine 
that the only available path for the 3M SPVC connection is 
through sWitches E 70, F 80, and C 50 to the destination 
sWitch D 60. The present invention avoids the blind attempts 
that can result in call blocking by providing the partitioning 
information to the routing systems, Which are then able to 
utiliZe the information to make intelligent routing decisions. 

[0036] The netWork illustrated in FIG. 1 is a greatly 
simpli?ed netWork. In more complex netWorks, the infor 
mation regarding connection type and other forms of parti 
tioning supported across various links becomes more impor 
tant in ensuring that routing is not attempted across links that 
cannot support the needs of a speci?c call. In prior art 
systems, the same inadequate routes may be tried over and 
over again Without success, as the routing processor has no 
knoWledge of the partitioning of the bandWidth across the 
link. 

[0037] FIG. 2 illustrates a block diagram of an originating 
sWitch A 30 that supports storage and use of the additional 
connection-type or other forms of partitioning information. 
The originating sWitchA 30 includes a connection processor 
38. The connection processor 38 includes a processing 
module 32 and memory 34. The processing module 32 may 
include a single processing entity or a plurality of processing 
entities. Such a processing entity may be a microprocessor, 
microcontroller, microcomputer, digital signal processor, 
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central processing unit, state machine, group of logic cir 
cuitry, and/or any device that processes information based 
on operational and/or programming instructions. The 
memory 34 may be a single memory device or a plurality of 
memory devices. Such a memory device may be a read only 
memory device, random access memory device, ?oppy disk, 
hard drive memory, CD memory, magnetic tape memory, 
DVD memory, and/or any device that stores digital infor 
mation. Note that When the processing module has one or 
more of its functions performed by a state machine and/or 
logic circuitry, the memory containing the corresponding 
operational instructions is embedded Within the state 
machine and/or logic circuitry. 

[0038] The memory 34 stores programming and/or oper 
ating instructions that, When executed, cause the processing 
module 32 to perform the method illustrated in FIG. 4. FIG. 
4 illustrates a How diagram of a method for establishing a 
connection in a communication netWork that utiliZes the 
knowledge of bandWidth partitioning of links to perform 
intelligent routing decisions. The process begins at step 202, 
Where a connection request is received. The connection 
request includes a plurality of parameters, Where one of the 
parameters is a connection type characteristic. Preferably, 
this connection type characteristic corresponds to bandWidth 
partitioning that has been performed for the links Within the 
netWork. 

[0039] As illustrated in step 204, the connection type 
characteristic preferably distinguishes betWeen SVC con 
nections and SPVC connections. In other embodiments, the 
connection type characteristic may distinguish betWeen dif 
ferent customer types, application types, or other forms of 
connection prioritiZation schemes as discussed earlier. Simi 
larly, the number of connection types that may be supported 
may be greater than the preferable set that includes SVCs 
and SPVCs. 

[0040] At step 206, the processing module 32 compares 
the plurality of parameters of the connection request With 
information stored in the table 36 to determine or select a 
?rst routing path. The table 36 stores netWork parameters 
that include the connection type characteristics correspond 
ing to each of the links Within the netWork. Preferably, the 
parameters supported by current PNNI version 1.0 are 
included in the table along With the connection-type char 
acteristics, Which are not included in PNNI version 1.0. As 
stated earlier, connection type characteristics include parti 
tioning information corresponding to the various links in the 
netWork. As illustrated in step 208, the table preferably 
includes the available SVC and SPVC bandWidth across 
each of the links Within the netWork. 

[0041] The determination or selection of a routing path 
may take into account a variety of variables, including the 
service categories that a link supports, the available band 
Width for those service categories across the link, the cost of 
sending data packets across a link, etc. The process of 
performing this determination is Well knoWn in the art, and 
Dijkstra algorithms are often employed. 

[0042] At step 210, the originating sWitchA30 establishes 
the connection along the ?rst routing path. Preferably this is 
accomplished at step 212 based on the SVC connection 
scheme such that a setup message including a designated 
transit list (DTL) is sent to each node along the ?rst routing 
path. Note that if the connection attempt along the ?rst 
routing path is unsuccessful for any reason, the originating 
sWitch A 30 may repeat the comparison step using the table 
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to determine a second, alternate routing path. Establishment 
of the connection can then be attempted using the second 
path in the same manner as establishment along the ?rst 
path. 
[0043] Once the connection has been established, the 
method preferably continues to steps 214 and 216 such that 
the routing tables in the system are updated. At step 214, the 
available bandWidth on each link along the ?rst routing path 
is determined by each node along the ?rst routing path after 
the connection has been established. The connection Will 
consume some of the formerly available bandWidth for that 
connection type, and this step determines the bandWidth that 
remains available for the given connection type. At step 216, 
the information conveying the neW available bandWidth 
across the links is broadcast throughout the netWork by each 
node along the ?rst routing path. This information can then 
be used in future routing determinations. The details regard 
ing hoW this information is relayed to the other nodes in the 
netWork is provided in the folloWing discussion of FIGS. 3 
and 5. 

[0044] In order to be able to compile the table 36 in the 
connection processor 38, the information concerning the 
connection type characteristics and/or other forms of parti 
tioning of the links in the netWork must be communicated to 
the originating sWitchA 30. FIG. 3 illustrates a sWitch D 40 
that is capable of determining the link characteristics of links 
Within the netWork. Once the connection type characteristics 
have been determined, they are relayed to the entities that 
perform routing decisions. The sWitch B 40 illustrated in 
FIG. 3 includes a link characteristic processor 48, Which 
includes a processing module 42 and memory 44. As before, 
the processing module may include a variety of different 
processing entities, and the memory 44 may be one or more 
of a variety of different memory devices. A non-exhaustive 
list of potential processing entities and memory structures 
Was identi?ed With respect to the processing module 32 and 
memory 34 of the connection processor 38 above. 

[0045] The memory 44 stores programming and/or opera 
tional instructions that alloW the processing module 42 to 
perform the method illustrated in FIG. 5. FIG. 5 illustrates 
a How diagram of a method for communicating link con 
nection type characteristics in a netWork. The method illus 
trated may be employed to determine netWork parameters 
upon initialization or startup of the netWork, When a con 
nection is established (or released) that consumes (or frees) 
bandWidth and changes the parameters, or When a netWork 
operator changes partitioning of links Within the netWork. 
The method begins at step 300, Where connection type 
characteristics for a link Within the netWork are determined. 
In the example netWork illustrated in FIG. 1, sWitch B 40 
may determine the connection type characteristics for the 
link BC. Preferably, the determination is made for a link 
coupled to the sWitch, or localiZed node, performing the 
connection type characteristic determination. 

[0046] The connection type characteristics determined at 
step 300 may include, as illustrated in step 302, connection 
type characteristics based on the source of the connection 
(user), application to Which the connection pertains, or one 
of a variety of priority schemes. Similarly, at step 304, the 
connection type characteristics may include determining the 
bandWidth allocation along the link for SVC and SPVC type 
connections. 

[0047] At step 306, the connection type characteristics 
determined at step 300 are advertised to at least one node in 
the netWork. Preferably, the connection type characteristics 
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are advertised to neighboring nodes in the network. These 
neighboring nodes then relay this information to their neigh 
boring nodes such that the information is disseminated 
throughout the network. At step 310, the connection type 
characteristics are advertised to each node within the net 
work, which may include speci?cally targeting different 
nodes within the network to receive the information. 

[0048] The connection type characteristics are preferably 
communicated using the Resource Availability Information 
Group (RAIG). The RAIG includes information used to 
attach values of topology state parameters to nodes, links, 
and reachable addresses. The following tables illustrate an 
example RAIG data set. 

TABLE 1 

The Resource Availability Information Group 
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[0050] The RAIG ?ags shown in FIG. 2 are used to 
interpret the data included in the RAIG data set of FIG. 1 
included in PNNI protocol messages. The basic RAIG 
con?guration and operation is well known in the art, and the 
tables above illustrate the minor modi?cations that may be 
performed to the RAIG ?ag set to allow for some partition 
ing information to be included in the known RAIG imple 
mentation. 

[0051] The upper 5 bits of the RAIG Flags indicate the 
service categories to which the topology state parameters 
contained in the RAIG apply. There is one bit for each 
de?ned service category. This allows one set of topology 
state parameters to apply to one or more service categories. 
If the topology state parameters for different service catego 
ries are not the same, multiple RAIGs, each carrying a set of 
topology state parameters, are advertised. All of these 
RAIGs are contained within a single information group 
describing the entity. Size 

Offset (octets) Name Functiom Description [0052] The lower bits 2 and 3 indicate the connection 

0 2 Type Type = 123 for Outgoing types (SVC and SPVC) to which the topology state param 
resource availability eters contained in the RAIG apply. There is one bit for each 
mfolmatlon I I connection type. Note that a logic one value in the bit 
Type = 129 for lHCOl'HlHg . d. t th tth t. t . t rt d h 
resoum availability in ica es a' e connec ion ype is no suppo ' e , w ereas 
infonnation a logic Zero indicates that the connection type is supported. 

2 2 Length This con?guration allows for compatibility with current 
4 2 RAIG Flags For Blt d??mtlons S66 Tabl? systems utiliZing the prior art RAIG con?guration. If a 

5-23 RAIG Flags. . . . 
6 2 Reselwd RAIG version 2 (as shown above) is received by a node that 
g 4 Administrative d?fault vamp = D?fault only supports RAIG version 1 (prior art version), the con 

Weight Administrative Weight, additive nection type bits in RAIG Flags are ignored by the node. 
12 4 Minimum Cell Rm Units: “115/ Smmd Furthermore, if a service category appears in multiple 
l6 4 Available Cell Rate Units: cells/second - - - - - 

. _ . RAIGs within a horiZontal link, uplink, nodal state param 
20 4 Cell Transfer Delay Units. microseconds _ _ _ 

24 4 C611 Delay variation Units; micros?conds eters, or ULIA IG, then only the ?rst RAIG in which this 
28 2 Cell Loss Ratio Encoded as the negative service category appears, regardless of the RAIG’s connec 

(CLP=0) loganthm of th? Value’ 1-6» tion types, applies for this service category for all connection 
the value n in a message . t t . .? t t t. H. RAIG . 1 
indium a CLR of loan types in s a e-signi can compu a ions. a ‘version 

30 2 C611 LOSS Ratio Encoded as the negativ? is received by a node that supports RAIG version 2, the 
(CLP=0+l) logarithm Of the value, its connection type bits will not be set, and the ?rst RAIG for 

FIE-Val“ n m a messag? each service category within a horiZontal link, uplink, nodal 
indicates a CLR of l0’n t t t ULIA 1G 1. f th. . t 

Optional GCAC related information: S a e parame ers’ Or _ _app les _Or _ 1S Sen/Ice Ca _ 
— egory for all connection types in state-signi?cant computa 

32 2 Type Type = 160 (optional GCAC tions. 
parameters) _ _ _ 

34 2 Length [0053] The use of bits 2 and 3 for connection type differ 
36 4 Cell Rate Margin UHitSI wuss/Seconds entiation allows one set of topology state parameters to 
40 4 Vanan“ Factor of apply to one or more connection types. If the topology state 

Factor is us?d to parameters for different connection types are not the same, 
indicate in?nity multiple RAIGs, each carrying a set of topology state 

parameters for the given connection type, are advertised. All 
of these RAIGs are contained within a single information 

[0049] group describing the entity. Note that in other partitioning 

TABLE 2 

w 

Bit ID: 

Bit 16 Bit Bit Bits Bit 1 

(MSB) Bit 15 Bit 14 13 12 ii..4 Bit 3 Bit 2 (LSB) 

Meaning: CBR it- nrt- ABR UBR Reserved SPVCs SVCs GCAC 

VBR VBR excluded excluded CLP 

Attribute 
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schemes, more of the reserved bits in the ?ag section may be 
used to delineate betWeen partitions. 

[0054] Preferably, there is one set of topology state param 
eters for each connection type for each service category that 
is advertised. If there are no topology state parameters 
advertised for a service category, that service category is not 
supported by that entity for all connection types. 

[0055] Those of ordinary skill in the art Will recogniZe that 
by including such a RAIG version 2 in a nodal state 
parameters lG that this type of bandWidth partitioning is 
supported for PNNI Peer Groups in a PNNI hierarchical 
netWork (Where Peer Groups are represented as nodes in the 
topology). 

[0056] Once the connection type characteristics for the 
link have been advertised, preferably in the manner illus 
trated above, they can be utiliZed by various parties to 
perform a netWork function. These netWork functions can 
include using the connection type characteristics on a per 
link basis for diagnostics, expansion, netWork capacity plan 
ning, and the like. Preferably, the connection type charac 
teristics are used in determining routing paths for connec 
tions, or calls, Within the netWork. 

[0057] At step 312, a routing path for a connection is 
determined based on the connection type characteristics. 
This function may be performed by the originating sWitch A 
30, rather than performed local to the sWitch B 40. HoWever, 
it should be noted that the originating sWitch A 30 may 
determine the connection type characteristics for its neigh 
boring links, and as such, perform routing decisions based 
on connection type characteristics that it has determined. 

[0058] At step 314, in order to determine routing paths for 
connections, the connection type characteristics for a plu 
rality of links in the netWork may be compiled to produce a 
characteristic data set. Preferably, this includes compiling a 
routing table 36 utiliZed by the connection processor 38. The 
routing paths for a connection may be precomputed and 
stored in the routing table, or may be computed in response 
to a connection request based on data stored in the charac 
teristic data set. The characteristics stored in the character 
istic data set may include both the bandWidth limitations for 
various classes of service on each link (e.g., current PNNI 
version 1.0 supported parameters), as Well as the different 
types of connection types supported on each link. Preferably, 
the parameters describing the different connection types 
supported include available bandWidth for SVC and SPVC 
connections. At step 316, a request for a connection having 
a certain set of connection characteristics is received. At step 
318, the characteristics corresponding to the request are 
compared With the characteristic data set to determine the 
routing path. At step 320, the connection is established along 
the routing path by sending a call set up sequence along the 
path. This may be as Was described With respect to step 212 
of FIG. 4 in that a DTL is sent along the routing path. 

[0059] Establishment of the connection causes a change in 
the link as available bandWidth is consumed. As such, the 
method may continue to perform the steps of detecting this 
change in the link that produces the altered connection type 
characteristics (less available bandWidth) and advertising 
these neW characteristics. Advertising the neW characteris 
tics informs the other routing nodes in the netWork of the 
changed characteristics. 
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[0060] By enabling the sWitches Within the data commu 
nications netWork to ascertain the connection type charac 
teristics of neighboring links, these sWitches can advertise 
this information to other entities Within the netWork that 
perform routing functions such that the routing can be 
accomplished in a more intelligent manner. By equipping 
the entities that perform routing operations With tables that 
store the additional connection type characteristic informa 
tion, these entities are able to utiliZe the information to make 
routing and other netWork maintenance decisions. Prefer 
ably, the information stored Within the routing table Will 
relate directly to the likelihood of establishing a connection 
using the link, Where the connection has a connection type 
that must correspond to connection types supported by the 
link. 

[0061] Note that the added level of netWork information 
Would be effective in routing connections in various con 
nection topologies, including point to point connections, 
point to multi-point connections, and multi-point to point 
connections. Point to point connections relay information 
betWeen tWo parties. The other topologies exchange data 
packets betWeen a plurality of parties, With the data either 
originating from a single party (point to multi-point) or from 
a plurality of parties (multi-point to point). Point to multi 
point connections and multi-point to point connections are 
analogous to tree-like topologies, Where the data packets 
originate at either the leaves or the root of the tree. 

[0062] The preceeding discussion has presented a method 
and apparatus for utiliZing connection type characteristic 
information in a netWork to improve overall netWork effi 
ciency and effectiveness. By communicating the connection 
type characteristics for the various links Within the system to 
entities that are able to use this information in routing 
connections and for performing other functions Within the 
netWork, more intelligent decisions can be made. It should 
be understood that the implementation of variations and 
modi?cations of the invention and its various aspects Will be 
apparent to those of ordinary skill in the art, and that the 
invention is not limited to the speci?c embodiments 
described. It is therefore contemplated to cover by the 
present invention, any and all modi?cations, variations, or 
equivalents that fall Within the spirit and scope of the basic 
underlying principles disclosed and claimed herein. 

[0063] Also, one or more embodiments may be described 
as folloWs: 

[0064] l. A method for communicating link connection 
type characteristics in a netWork, comprising: 

[0065] determining connection type characteristics for a 
link Within the netWork; 

[0066] advertising the connection type characteristics to 
at least one node in the netWork; and 

[0067] utiliZing, by the at least one node, the connection 
type characteristics for performing a netWork function. 

[0068] 2. The method of claim 1, Wherein utiliZing further 
comprises selecting, by the at least one node, a routing path 
Within the netWork for a connection based on the connection 
type characteristics. 

[0069] 3. The method of claim 2 further comprises: 

[0070] detecting a change in the link, Wherein the 
change produces altered connection type characteris 
tics; and 
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[0071] advertising the altered connection type charac 
teristics. 

[0072] 4. The method of claim 3, Wherein the step of 
determining the connection type characteristics is performed 
by a localized node coupled to the link. 

[0073] 5. The method of claim 3, Wherein advertising 
further comprises broadcasting the connection type charac 
teristics to neighboring nodes in the network. 

[0074] 6. The method of claim 3, Wherein advertising 
further comprises broadcasting the connection type charac 
teristics to each node Within the network. 

[0075] 7. The method of claim 3 further comprises com 
piling connection type characteristics for a plurality of links 
Within the netWork to produce a characteristic data set, 
Wherein selecting the routing path further comprises select 
ing the routing path using the characteristic data set. 

[0076] 8. The method of claim 7 Wherein selecting the 
routing path further comprises comparing characteristics of 
a connection request With the characteristic data set, Wherein 
the routing path is provided in response to the connection 
request. 

[0077] 9. The method of claim 8 Wherein compiling fur 
ther comprises compiling the connection type characteristics 
for the plurality of links With additional netWork character 
istics to produce the characteristic data set. 

[0078] 10. The method of claim 3, Wherein the connection 
type characteristics include information indicating likeli 
hood of establishing the connection using the link, Wherein 
the connection has a connection type. 

[0079] 11. The method of claim 10 Wherein the connection 
type of the connection is one of a plurality of connection 
types, Wherein the plurality of connection types includes a 
plurality of priority levels that determine prioritization of 
connections. 

[0080] 12. The method of claim 10 Wherein the connection 
type of the connection in one of a plurality of connection 
types, Wherein the plurality of connection types includes 
sWitched virtual connections and soft permanent virtual 
connections. 

[0081] 13. The method of claim 10 Wherein the connection 
type of the connection is one of a plurality of connection 
types, Wherein the plurality of connection types includes a 
plurality of user connection types, Wherein bandWidth on the 
link is partitioned betWeen different user connection types. 

[0082] 14. The method of claim 3 further comprises send 
ing a call setup sequence to establish the connection along 
the routing path. 

[0083] 15. A method establishing a connection in a com 
munications netWork, comprising: 

[0084] receiving a connection request that includes a 
plurality of parameters, Wherein the plurality of param 
eters includes a receiving party, and a connection type 
characteristic; 

[0085] comparing the plurality of parameters With a 
table that stores netWork parameters to produce a ?rst 
routing path to the receiving party, Wherein the netWork 
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parameters include links Within the netWork and cor 
responding connection type characteristic capabilities 
for the links; and 

[0086] establishing the connection along the ?rst rout 
ing path. 

[0087] 16. The method of claim 15 further comprises: 

[0088] When establishing the connection along the ?rst 
routing path is unsuccessful: 

[0089] comparing the plurality of parameters With the 
table that stores netWork parameters to produce a 
second routing path to the receiving party; and 

[0090] establishing the connection along the second 
routing path. 

[0091] 17. The method of claim 15 further comprises: 

[0092] When establishing the connection along the ?rst 
routing path is unsuccessful: 

[0093] comparing the plurality of parameters With the 
table that stores netWork parameters to produce at least 
a second routing path to the receiving party, Wherein 
the second routing path and any additional routing 
paths are produced through further comparisons for 
subsequent rerouting attempts When connections using 
attempted routing paths are unsuccessful. 

[0094] 18. The method of claim 15, Wherein connection 
type characteristics distinguish betWeen sWitched virtual 
connections and soft permanent virtual connections, Wherein 
the connection type characteristic capabilities for the links in 
the netWork indicate bandWidth allocation over each link for 
sWitched virtual connections and soft permanent virtual 
connections. 

[0095] 19. The method of claim 15, Wherein connection 
type characteristics describe partitioning of the bandWidth 
across the link betWeen different connection types. 

[0096] 20. The method of claim 19, Wherein the different 
connection types to Which bandWidth across the link is 
partitioned include a plurality of priority level connection 
types. 

[0097] 21. The method of claim 19, Wherein the different 
connection types to Which bandWidth across the link is 
partitioned include a plurality of user connection types. 

[0098] 22. The method of claim 15, Wherein establishing 
the connection along the ?rst routing path further comprises 
sending a designated transit list to each node along the ?rst 
routing path. 
[0099] 23. A link characteristic processor comprises: 

[0100] a processing module; and 

[0101] memory operably coupled to the processing 
module, Wherein the memory includes operating 
instruction that cause the processing module to: 

[0102] determine connection type characteristics for 
a link Within the netWork; 

[0103] advertise the connection type characteristics 
to at least one node in the netWork, Wherein the node 
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utilizes the connection type characteristics for select 
ing a routing path Within the network for a connec 
tion. 

[0104] 24. The link characteristic processor of claim 23 
further comprises operating instructions that cause the pro 
cessing module to: 

etectacane1nte1 ,Were1ntecane 0105d hg'hl'nkh'hhg 
produces altered connection type characteristics; and 

[0106] 
istics. 

[0107] 25. The link characteristic processor of claim 24, 
Wherein the processing module is included in a localiZed 
node coupled to the link. 

[0108] 26. The link characteristic processor of claim 24 
further comprises operating instructions that cause the pro 
cessing module to: 

[0109] advertise the altered connection type character 
istics by broadcasting the connection type characteris 
tics to neighboring nodes in the netWork. 

[0110] 27. The link characteristic processor of claim 24 
further comprises operating instructions that cause the pro 
cessing module to: 

[0111] advertise the altered connection type character 
istics by broadcasting the connection type characteris 
tics to all nodes in the netWork. 

[0112] 28. The link characteristic processor of claim 24, 
Wherein the connection type characteristics for the link 
include an amount of bandWidth available for sWitched 
virtual connections and soft permanent virtual connections. 

advertise the altered connection type character 

[0113] 29. A connection processor comprises: 

[0114] 
[0115] memory operably coupled to the processing 

module, Wherein the memory includes operating 
instruction that cause the processing module to: 

[0116] receive a connection request that includes a 
plurality of parameters, Wherein the plurality of 
parameters includes a receiving party and a connec 
tion type characteristic; 

[0117] compare the plurality of parameters With a 
table that stores netWork parameters to produce a 
?rst routing path to the receiving party, Wherein the 
netWork parameters include links Within the netWork 
and corresponding connection type characteristic 
capabilities for the links; and 

[0118] 
path. 

a processing module; and 

establish the connection along the ?rst routing 

[0119] 30. The connection processor of claim 29, Wherein 
the memory further comprises operating instructions that 
cause the processing module to: 

[0120] When establishing the connection along the ?rst 
routing path is unsuccessful: 

[0121] compare the plurality of parameters With the 
table that stores netWork parameters to produce a 
second routing path to the receiving party; and 
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[0122] establish the connection along the second 
routing path. 

[0123] 31. The connection processor of claim 29, Wherein 
the memory further comprises operating instructions that 
cause the processing module to: 

[0124] When establishing the connection along the ?rst 
routing path is unsuccessful: 

[0125] compare the plurality of parameters With the 
table that stores netWork parameters to produce at 
least a second routing path to the receiving party, 
Wherein the second routing path and any additional 
routing paths are produced through further compari 
sons for subsequent rerouting attempts When con 
nections using attempted routing paths are unsuc 
cessful. 

[0126] 32. The connection processor of claim 29, Wherein 
the connection type characteristics of the connection request 
distinguish betWeen a sWitched virtual connection request 
and a soft permanent virtual connection request, Wherein the 
connection type characteristic capabilities for the links in the 
netWork indicate bandWidth allocation over each link for 
sWitched virtual connections and soft permanent virtual 
connections. 

[0127] 33. The connection processor of claim 29, Wherein 
the memory further comprises operating instructions that 
cause the processing module to: 

[0128] establish the connection along the ?rst routing 
path by sending a designated transit list to each node 
along the ?rst routing path. 

What is claimed is: 
1. A method for communicating link connection type 

characteristics in a netWork, comprising: 

determining connection type characteristics for a link 
Within the netWork; 

advertising the connection type characteristics to at least 
one node in the netWork; and 

utiliZing, by the at least one node, the connection type 
characteristics for performing a netWork function. 

2. The method of claim 1, Wherein utiliZing further 
comprises selecting, by the at least one node, a routing path 
Within the netWork for a connection based on the connection 
type characteristics. 

3. The method of claim 2 further comprises: 

detecting a change in the link, Wherein the change pro 
duces altered connection type characteristics; and 

advertising the altered connection type characteristics. 
4. The method of claim 3, Wherein the step of determining 

the connection type characteristics is performed by a local 
iZed node coupled to the link. 

5. The method of claim 3, Wherein advertising further 
comprises broadcasting the connection type characteristics 
to neighboring nodes in the netWork. 

6. The method of claim 3, Wherein advertising further 
comprises broadcasting the connection type characteristics 
to each node Within the netWork. 

7. The method of claim 3 further comprises compiling 
connection type characteristics for a plurality of links Within 
the netWork to produce a characteristic data set, Wherein 
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selecting the routing path further comprises selecting the 
routing path using the characteristic data set. 

8. A method establishing a connection in a communica 
tions network, comprising: 

14. The link characteristic processor of claim 13, Wherein 
the processing module is included in a localiZed node 
coupled to the link. 

15. The link characteristic processor of claim 13 further 
comprises operating instructions that cause the processing 
module to: 

receiving a connection request that includes a plurality of 
parameters, Wherein the plurality of parameters 
includes a receiving party, and a connection type char 
acteristic; 

comparing the plurality of parameters With a table that 
stores netWork parameters to produce a ?rst routing 
path to the receiving party, Wherein the netWork param 
eters include links Within the netWork and correspond 
ing connection type characteristic capabilities for the 
links; and 

establishing the connection along the ?rst routing path. 
9. The method of claim 8 further comprises: 

When establishing the connection along the ?rst routing 
path is unsuccessful: 

comparing the plurality of parameters With the table that 
stores netWork parameters to produce a second routing 
path to the receiving party; and 

establishing the connection along the second routing path. 
10. The method of claim 8 further comprises: 

When establishing the connection along the ?rst routing 
path is unsuccessful: 

comparing the plurality of parameters With the table that 
stores netWork parameters to produce at least a second 
routing path to the receiving party, Wherein the second 
routing path and any additional routing paths are pro 
duced through further comparisons for subsequent 
rerouting attempts When connections using attempted 
routing paths are unsuccessful. 

11. The method of claim 8, Wherein connection type 
characteristics distinguish betWeen sWitched virtual connec 

advertise the altered connection type characteristics by 
broadcasting the connection type characteristics to 
neighboring nodes in the netWork. 

16. The link characteristic processor of claim 13 further 
comprises operating instructions that cause the processing 
module to: 

advertise the altered connection type characteristics by 
broadcasting the connection type characteristics to all 
nodes in the netWork. 

17. A connection processor comprises: 

a processing module; and 

memory operably coupled to the processing module, 
Wherein the memory includes operating instruction that 
cause the processing module to: 

receive a connection request that includes a plurality of 
parameters, Wherein the plurality of parameters 
includes a receiving party and a connection type 

characteristic; 

compare the plurality of parameters With a table that 
stores netWork parameters to produce a ?rst routing 
path to the receiving party, Wherein the netWork 
parameters include links Within the netWork and 
corresponding connection type characteristic capa 
bilities for the links; and 

establish the connection along the ?rst routing path. 
tions and soft permanent virtual connections, Wherein the 
connection type characteristic capabilities for the links in the 
netWork indicate bandWidth allocation over each link for 

18. The connection processor of claim 17, Wherein the 
memory further comprises operating instructions that cause 
the processing module to: 

sWitched virtual connections and soft permanent virtual 
connections. 

12. A link characteristic processor comprises: 

a processing module; and 

memory operably coupled to the processing module, 
Wherein the memory includes operating instruction that 
cause the processing module to: 

determine connection type characteristics for a link 
Within the netWork; 

advertise the connection type characteristics to at least 
one node in the netWork, Wherein the node utiliZes 
the connection type characteristics for selecting a 
routing path Within the netWork for a connection. 

13. The link characteristic processor of claim 12 further 
comprises operating instructions that cause the processing 
module to: 

detect a change in the link, Wherein the change produces 
altered connection type characteristics; and 

advertise the altered connection type characteristics. 

When establishing the connection along the ?rst routing 
path is unsuccessful: 

compare the plurality of parameters With the table that 
stores netWork parameters to produce a second routing 
path to the receiving party; and 

establish the connection along the second routing path. 
19. The connection processor of claim 17, Wherein the 

memory further comprises operating instructions that cause 
the processing module to: 

When establishing the connection along the ?rst routing 
path is unsuccessful: 

compare the plurality of parameters With the table that 
stores netWork parameters to produce at least a 
second routing path to the receiving party, Wherein 
the second routing path and any additional routing 
paths are produced through further comparisons for 
subsequent rerouting attempts When connections 
using attempted routing paths are unsuccessful. 
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20. The connection processor of claim 17, wherein the network indicate bandwidth allocation over each link for 
connection type characteristics of the connection request switched Virtual connections and soft permanent Virtual 
distinguish between a switched Virtual connection request connections. 
and a soft permanent Virtual connection request, wherein the 
connection type characteristic capabilities for the links in the * * * * * 


