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(54) METHOD OF ADDRESS RESOLUTION FOR 
THE TRANSFER OF SYNCHRONOUS 
TRANSFER MODE CALLS THROUGH 
MULTIPLE DOMAINS IN A BROADBAND 
DATA NETWORK 

(75) IIlVeIltOfSI Li Li, Kanata (CA); Kenneth Gary A method of address resolution for the transfer of voice and 
Hayward> Kanata (CA); Todd Douglas voice data calls through multiple domains in a broadband 
M0rris> Kanata (CA) data network is described. The implementation of broadband 

data networks as transport backbones for voice and voice 
data calls requires address resolution to determine the des 
tination node for each call. Because of the projected fre 
quency at which new access peripherals will be added to 

such broadband data networks, manual maintenance of 
translation tables is impractical. The invention therefore 
provides an automated method for address resolution which 
permits voice interface control units associated with the 
broadband data network nodes to automatically maintain the 
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designated as signaling gateways between broadband data 

Related US Application Data network domains. If the broadband data network is an ATM 
_ _ _ _ network, switched virtual circuits are set up in reverse from 
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ating policy of network managers that control respective 
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26 

K/ 28 v/ 
Category Type Source Address Addr. Destination Addr. TTL Message 

Ty}?e Address Type Length 

Cor?Oin 1 ( l ............. .. Content [Object n j 
30 \ 32 32 

F IO. 20 
Category Type Purpose Content 
REQUEST l intro-domain Initialization - to REQUEST{type=l; seq.#; 

populate all nodes in the source:Al, Pl; destination = 
same domain with DNs 'A3, P3; TTL=l; local DN list [81 9 
served by requesting node; 21 2 ....8l 9997]} 
RESPONSE is mandatory 

RESPONSE T intro-domain Initialization - to RESPONSE{type=l; seq.#': 
populate requesting node source=A6, P6; destlnation=Al, 
with DNs served by a node Pl; local DN list [oi 3-230....6l 3 
receiving type i request 780)} - 

REQUEST 2 Intro-domain Update — to REQUEST{type;2; seq.#; 
_ notify neighbor nodes of UN source:Al, Pl; destlnatlonzAx, 
changes or flood translation Px; TTL: l; localDN list (81 9-21 0 
entries; RESPONSE is optional ....81 9053)} OR 

REQUEST{type:2; seq.#; 
source:Al , Pl; destination=A3, 
P3; TTL= l: translation v 

entries[bl 3-230, P6, A6...él 3 
780, P6, A61} 

RESPONSE 2 intro-domain Update — to RESPONSE{type:2; seq.#; ‘ 
acknowledge type 2 source:Ao, Po; destinatlon=Al, 
REQUEST, with or without ' Pl} - 
content ' 

REQUEST 3 Translation entry query for REQUEST{type=3; seq.#; 
> information respecting the source:Al, Pl; destination:A2, 

identity of a node that serves P2; TTL:5; [local DN list [81 9 
a particular ON OR 21 0 ....8l 9953)]; translation 
Inter-domain REQUEST for entry query (DN:5T 41833); PO 
gateway translation entries Stack:PT} OR 
(“[. ;.]" indicates optional REQUEST{type=3; seq.#; 
content) (source=A4, P4); destination: 

Ax, Px; TTL=4; group (Al, PT: 
domain DN list (5l4-l l 2 ....Bi 9 
997); PC Stacl<=P4} 

F12 
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LCategory Type Purpose Content 
RESPONSE 3 Translation entry query RESPONSE{type:3; seq.#; 

RESPONSE for providing source=A5, P5; destinationzAl, 
information respecting the Pl; [local DN list [51 4-2l 0 
identity of a node that serves ....5l 4-7l ll]; translation query 
a particular DN OR entry (DN=6l 4-833; A5, P5]: 
Inter-domain RESPONSE for Original PC Stack: Pi ,P2,P5; PC 
gateway translation entries Stack=Pl ,P2} OR 
[“[. . .1" indicates optional RESPONSE{type=3; seq.#; 
content] ‘ source:C4, P44; dest=A4,P4; 

group [C4, P44: domain DN list 
(416-210 ....5l9—953]; Original 
PC Stack= P4,P8,Pl 2,P44; PC 
Stack: P4,P8,Pl 2} 

REQUEST 4 lnter'domain REQUEST to REQUEST{type:4; seq.#,' 
notify other gateways of * (source=A4, P4); destination: 
changes to a domain DN list, A2, P2; TTL=4; grouplA4, P4: 
response is expected but domain DN list [5i 4-] l 2 ....8l 9 
oontent is optional 997]]; PC Stack: P4} 

RESPONSE 4 inter-domain RESPONSE to RESPONSE{type=4; seq.#; 
type 4 REQUEST message, source:C4, P44; dest=A4,P4; 

Original PC Stack: 
P4,P2,P5,P44; PC Stack: 

, 7 ‘ P4,P2,P5} 

REQUEST 5 Next-hop routing REQUEST REQUEST{type=5: seq.#; 
with reverse SVC setup to source:A4, P4; destination=A3, 
obtain a translation entry for P3; TlL=é; translation entries 
the DN, and to concurrently queryiDN=2l 2-l 23-l 234], PC 
set up call path from the Stacl<=Pl: SVC Request (traffic 
destination node to the contract, VCCl=xT ]} 
originating node 

RESPONSE 5 RESPONSE to next-hop routing RESPONSE{type=5; seq.#; 
REQUEST to provide source:C2, P42; destination: 
translation entry information ’A4,P4; translation entry query 
for the DN [DN =2l 2-1 23, PC=P42, 

ASEA=AC2); traffic contract, 
VCCl=xl; PC Stack=P4, P3} 

REQUEST o Next-hop routing REQUEST REQUEST{type=6; seq.#; 
with reverse SVC setup, source=A4, P4; destination=D3, 
without translation entry query P3; TTL=6; PC Stack=P4; SVC 

' Request (traffic contract, 
VCCIIXl . . .1} 

RESPONSE b RESPONSE to reverse SVC RESPONSE{type=é; seq.#; 
setup REQUEST, without source:D3, P3; destination=A4, 
translation entry information P4; PC Stacl<=P4,P6,P44; SVC 

Request (traffic contract, 
vCClzxl ]} 

Fre. 2c 
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METHOD OF ADDRESS RESOLUTION FOR THE 
TRANSFER OF SYNCHRONOUS TRANSFER 

MODE CALLS THROUGH MULTIPLE DOMAINS 
IN A BROADBAND DATA NETWORK 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/110,244, ?led Jul. 6, 1998. 

MICROFICHE APPENDIX 

[0002] Not Applicable. 

TECHNICAL FIELD 

[0003] This invention relates generally to synchronous 
transfer mode (STM) call completions and, in particular, to 
the completion of calls Which originate and terminate in an 
STM netWork but at least a portion of the call connection is 
completed using a broadband data netWork, for eXample an 
asynchronous transfer mode (ATM) netWork or an Internet 
Protocol (IP) netWork. 

BACKGROUND OF THE INVENTION 

[0004] Multi-service broadband netWorks built using ATM 
or IP protocols are gaining acceptance as the preferred 
transport backbone for STM service providers because they 
permit the service providers to consolidate their voice and 
data traffic on a single multi-service facility. Consequently, 
the use or the desire to use AT M/IP netWorks as transport 
backbones for STM calls is rapidly increasing. As neW 
facilities are added to ATM/IP netWorks for the admission of 
STM calls, a problem arises respecting address resolution to 
determine an appropriate broadband data destination node 
for servicing each call admission request. 

[0005] Call setup and control in the public sWitched tele 
phone netWork (PSTN) is generally effected using an out 
of-band signaling netWork knoWn as a common channel 
signaling netWork. Most of the North American PSTN is 
equipped to operate With a common channel signaling 
protocol called Signaling System 7 (SS7). ATM netWorks, 
for eXample, use a different signaling protocol in Which 
signaling messages are transported through the netWork in 
cells like those used for carrying payload data. The signaling 
systems of the PSTN and ATM netWorks are therefore 
incompatible and STM calls cannot be transferred directly to 
or from an ATM netWork. Although it is possible to adapt an 
ATM netWork to operate under the control of a common 
channel signaling netWork, as taught in US. Pat. No. 5,568, 
475 entitled “ATM NETWORK ARCHITECTURE 
EMPLOYING A COMMON CHANNEL SIGNALING 
NETWORK”, Which issued on Oct. 22, 1996 to Doshi et al, 
it is less expensive and preferable to permit the ATM 
multi-service carrier netWork to operate autonomously With 
its native signaling system. This minimiZes eXpense While 
enabling efficient use of ATM netWork resources. The same 
applies to the use of multi-service IP netWorks Which 
currently run on a dynamic routing system for the purpose 
of data services, and one not adapted to support signaling. 

[0006] In the STM netWork, time division multipleX 
sWitches are arranged in a hierarchy Which minimiZes 
address encoding and permits calls to be completed With a 
minimum of address resolution. A factor Which contributes 
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to the efficiency of broadband data netWorks is that such a 
sWitch hierarchy does not eXist. While this lack of hierarchy 
contributes to netWork efficiency and versatility, it imposes 
a requirement for address resolution to enable STM calls to 
be transferred through the ATM netWork at an acceptable 
call setup rate. LikeWise, an address resolution system is 
required to enable STM calls to be transferred through an IP 
netWork because IP does not support the PSTN numbering 
system. 

[0007] There therefore eXists a need for a method of 
address resolution to enable the transfer of STM calls 
through multiple domains in a broadband data netWork. 
There also eXists a need for a messaging protocol for called 
number address resolution in a multiple domain control 
netWork adapted to control the transfer of STM calls 
betWeen STM sWitches using a broadband data backbone. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the invention to provide a method 
of address resolution for the transfer of STM calls through 
a broadband data netWork Which enables automated data ?ll 
and maintenance of translation tables to enable address 
resolution. 

[0009] It is a further object of the invention to provide a 
method of address resolution for the transfer of STM calls 
through multiple domains in a broadband data netWork in 
Which a sWitched virtual circuit is set up from a destination 
node for a call in order to minimiZe call setup time. 

[0010] It is yet a further object of the invention to provide 
a method of address resolution for the transfer of STM calls 
through multiple domains across a broadband data netWork 
in Which each domain includes at least one voice gateWay 
node having a control virtual circuit established With a peer 
voice gateWay node in an adjacent domain. 

[0011] It is a further object of the invention to provide a 
method in Which voice gateWay nodes maintain neXt-hop 
call resolution routing tables Which enable call routing 
Without requiring a complete address mapping table indi 
cating the destination node to serve a dialed number. 

[0012] It is yet another object of the invention to provide 
a method of address resolution for the transfer of STM calls 
through a broadband data netWork in Which all nodes in a 
domain of the broadband data netWork maintain a complete 
map of dialed numbers served by nodes in the domain. 

[0013] These and other objects of the invention are real 
iZed by a method of address resolution for the transfer of 
synchronous transfer mode (STM) calls through multiple 
domains across a broadband data netWork, comprising the 
steps of: checking a called number translation table at an 
edge node in the broadband data netWork Which receives an 
admission request for the call to determine Whether an 
address of a destination node to serve the called number is 
knoWn; if the address is knoWn, setting up an egress of the 
call from the broadband netWork; if the address is not 
knoWn, formulating a query message at the edge node to 
determine the address of a destination node that serves the 
called number; and forWarding the query message to at least 
one predetermined node in the broadband data netWork to 
request a translation of the called number to determine the 
address of the destination node; and for a prede?ned number 
of hops, forWarding the query message to at least one other 
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node if a node receiving the query does not possess infor 
mation to enable the translation. 

[0014] In accordance With a further aspect of the invention 
there is provided a messaging protocol for called number 
address resolution in a broadband data netWork adapted to 
transfer synchronous transfer mode (STM) calls betWeen 
synchronous transfer mode (STM) sWitches, comprising: a 
message header portion that contains ?xed length ?elds for 
mandatory information common to all messages; and a 
message content portion that contains a variable number of 
content objects, each content object including a content type 
indicator, a length indicator and content data. 

[0015] The invention therefore provides a method of 
address resolution and a messaging protocol for address 
resolution Which facilitates the transfer of STM calls 
through multiple domains in a broadband data network, such 
as an ATM or an IP netWork. In accordance With the method, 
the voice edge nodes are preferably organiZed in domains 
Which consist of a collection of edge nodes in the broadband 
data netWork that are equipped to accept STM call admis 
sion requests, each edge node being equipped With a voice 
interface control unit described in applicant’s US. Pat. No. 
6,195,714, entitled “SYSTEM FOR TRANSFERRING 
STM CALLS THROUGHAN ATM NETWORK BY CON 
VERTING THE STM CALLS TO ATM AND VICE VERSA 
AT THE EDGE NODES OF ATM NETWORK”. The speci 
?cation of that application is incorporated herein by refer 
ence in its entirety. The collection of edge nodes are logi 
cally fully meshed by control virtual circuits for call control 
and address resolution message forWarding if the broadband 
netWork is an ATM netWork. 

[0016] In the description of the preferred embodiments of 
the invention Which folloWs, reference is made principally to 
ATM netWorks, Which are currently used for STM call 
transfer. It Will be understood by those skilled in the art that 
the principles described may be applied With minimal revi 
sion to IP netWorks, as Will be described beloW in more 
detail. Each domain includes at least one gateWay sWitch. A 
gateWay sWitch is a broadband edge node having a knoWn 
path to at least one peer gateWay in an adjacent domain. 
GateWay sWitches serve as voice call control paths betWeen 
domains and are preferably enabled to maintain address 
resolution information respecting other domains in the 
broadband data netWork. This imposes a hierarchy on the 
voice edge nodes connected to the broadband data netWork, 
although the broadband data netWork is not aWare of the 
hierarchy and not encumbered by it. 

[0017] The methods and the messaging protocol in accor 
dance With the invention therefore permit automatic main 
tenance of routing tables to enable address resolution for 
STM calls admitted to a broadband data netWork Without 
imposing non-native signaling protocols on the broadband 
data netWork or integrating a common channel signaling 
netWork into the broadband data netWork. Thus, STM traf?c 
can be rapidly and economically transferred to broadband 
data facilities With a minimum of preparation and conse 
quently a minimum of eXpense. 

[0018] In the case of an IP netWork connectionless service 
is used for call control and address resolution routing. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Further features and advantages of the present 
invention. Will become apparent from the folloWing detailed 
description, taken in combination With the appended draW 
ings, in Which: 

[0020] FIG. 1 is a schematic diagram of an ATM netWork 
adapted to receive admission requests for synchronous trans 
fer mode calls Which originate and terminate in a sWitched 
telephone netWork, the ATM netWork being organiZed in a 
plurality of domains; 

[0021] FIG. 2a shoWs a preferred structure for message 
signal units for a messaging protocol in accordance With the 
invention; 
[0022] FIGS. 2b and 2c shoW a table illustrating a pre 
ferred message categories, types and the purpose and content 
of each message type using the messaging protocol for 
address resolution in accordance With the invention; 

[0023] FIG. 3 is a schematic diagram shoWing an intra 
domain initialiZation procedure in accordance With the pro 
tocol shoWn in FIGS. 2b and 2c; 

[0024] FIG. 4 is a schematic diagram shoWing the results 
of the initialiZation process illustrated in FIG. 3; 

[0025] FIG. 5 is a schematic diagram of the processing of 
an inter-domain request for gateWay translation entries using 
the messaging protocol in accordance With the invention; 

[0026] FIG. 6 is a schematic diagram illustrating a pro 
cedure for reverse sWitched virtual circuit setup using the 
methods and message protocol in accordance With the 
invention; and 

[0027] FIG. 7 is a schematic diagram of messages 
exchanged during the procedure shoWn in FIG. 6. 

[0028] It Will be noted that throughout the appended 
draWings, like features are identi?ed by like reference 
numerals. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0029] This invention relates to the organiZation of multi 
service ATM netWorks used as a transport backbone for 
voice and voice data calls Which originate and terminate in 
a sWitched telephone netWork. In accordance With the inven 
tion, edge node With voice interfaces in multi-service ATM 
netWorks Which serve as backbone transport netWorks for 
voice and voice data calls are organiZed into subunits called 
domains. Each domain consists of a collection of edge nodes 
adapted to serve synchronous transfer mode call admission 
requests, the edge nodes being logically fully meshed by 
control virtual circuits for call control and address resolution 
messaging. Messaging may be accomplished using a single 
virtual circuit, or tWo independent virtual circuits may be 
used to isolate call control and address resolution messag 
ing. The invention provides methods and a messaging pro 
tocol for called number address resolution across multi 
domains over an ATM netWork. In a preferred method in 
accordance With the invention, call setup time is reduced by 
using a technique hereinafter referred to as “reverse 
sWitched virtual circuit” (SVC) setup in Which an SVC to 
serve the call is set up from a destination node to an 
origination node in the ATM netWork using native ATM 
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SVC setup methods. Cached SVC’s may also be used to 
further improve call setup response. A messaging protocol 
de?nes message units Which include a message header 
portion that contains ?xed length ?elds for mandatory 
information common to all messages and a message content 
portion that contains a variable number of content objects, 
each content object including a content type indicator, a 
length indicator and content data. 

[0030] Network Architecture 

[0031] FIG. 1 shoWs a schematic diagram of a multi 
service ATM netWork 10 adapted to serve as a backbone 
transport netWork for synchronous transfer mode (STM) 
calls Which originate and terminate in a sWitched telephone 
netWork. The schematic diagram shoWn in FIG. 1 illustrates 
the ATM nodes 12 and their transfer links 14. Also illustrated 
are the time division multiplex sWitches 16 Which originate 
and terminate voice data calls in sWitched telephone net 
Works. The lines and trunks associated With the time division 
multiplex sWitches 16 are not shoWn. The time division 
multiplex sWitches are labeled as service sWitching points 
“SSPs”. They are numbered as SSP-A1 through SSP-D5. 
The ATM nodes 12 are labeled S-A1 through S-D4. 

[0032] The ATM netWork 10 shoWn in FIG. 1 is organiZed 
into four domains schematically indicated by broken out 
lines. The domains 18a through 18d are, as explained above, 
collections of edge nodes adapted to serve voice and voice 
data call admission requests. The edge nodes in each domain 
are logically fully meshed by control virtual circuits for call 
control and address resolution signaling. Each domain may, 
for example, be associated With a speci?c carrier netWork 
such as a local exchange carrier (LEC) or an interexchange 
carrier (IEC). Alarge carrier netWork may be organiZed into 
several domains in order to facilitate management and 
address resolution. The multi-service ATM netWork 10 may 
be oWned and operated by a single service provider or by a 
plurality of service providers, as is Well understood in the 
art. 

[0033] As described in applicant’s co-pending patent 
application referenced above, each of the ATM nodes 12 
Which serves as an edge node in the ATM netWork for voice 
and voice data calls is associated With a time division 
multiplex peripheral (TP) 20, hereinafter referred to as a 
TDM peripheral 20. The TDM peripheral 20 terminates 
STM trunks 22 and converts STM data to ATM cells and 
vice versa. Each ATM node 12 that serves as an edge node 
to a sWitched telephone netWork also includes a voice 
interface control unit (not illustrated), as also explained in 
applicant’s co-pending patent application. For the purposes 
of the discussion Which folloWs, it Will be assumed that the 
voice interface control unit is incorporated in a sWitch 
control element 24 of the ATM sWitches 12, and the refer 
ence 24 Will be used to refer to both the sWitch control 
element 24 of the ATM nodes 12 and the voice interface 
control unit 24. 

[0034] The voice interface control units 24 of the nodes 12 
in each domain 18a-18d may be fully physically meshed as 
shoWn in domain 18c or simply logically meshed With 
control virtual circuits as shoWn in domain 1&1. In domain 
1&1, ATM nodes S-D1 and S-D3 have a logical direct control 
virtual circuit that depends on physical transport links Which 
traverse node S-D2. Also, each domain 18a-a' includes at 
least one node designated as a gateWay to at least one other 
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domain. GateWay nodes have control virtual circuits estab 
lished With peer gateWay nodes in neighboring domains. 
Each domain includes at least one gateWay node. For 
example, domain 1&1 includes tWo gateWay nodes S-A3 and 
S-A4. S-A3 has a control virtual circuit established With its 
peer S-D4. GateWay node S-A4 has a control virtual circuit 
established With its peer gateWay node S-B1 in domain 18b. 
Domain 18c likeWise includes tWo gateWay nodes S-C2 and 
S-C5 Which have control virtual circuits respectively estab 
lished With gateWay node S-D4 in domain 18d and gateWay 
node S-B1 in domain 18b. 

[0035] It Will be understood by those skilled in the art that 
the domains shoWn in FIG. 1 are exemplary only and do not 
necessarily represent the organiZation or partitioning of a 
real netWork. 

[0036] Messaging Protocol 

[0037] The method of address resolution in accordance 
With the invention uses a messaging protocol for dialed 
number (DN) address resolution in the multiple domain 
ATM netWork 10. The messaging protocol de?nes messag 
ing signal units 26. The preferred structure of the messaging 
signal unit 26 is shoWn in FIG. 2a. The messaging signal 
unit 26 includes a messaging header portion 28 that contains 
?xed length ?elds for mandatory information common to all 
messages, and a message content portion 30 that contains a 
variable number of content objects 32, each content object 
32 includes a content type indicator, a content length indi 
cator and content data. The preferred implementation of the 
messaging protocol de?nes six different message types. 
Each message is further categoriZed as a REQUEST or a 
RESPONSE, as Will be described beloW With reference to 
FIGS. 2b and 2c in Which the six types of messages de?ned 
by the preferred embodiment of the messaging protocol are 
described in more detail. 

[0038] 
[0039] 1. Intra-domain initialiZation used to populate 

all edge nodes in the same domain With dialed 
number pre?xes (DNs) served by the domain. 
RESPONSE to type 1 messages is mandatory. 

In general, the six types of messages are: 

[0040] 2. Intra-domain updates to advise all edge 
nodes of a change(s) in DNs served by an edge node 
in the domain. A RESPONSE is expected but the 
RESPONSE may be void of content. 

[0041] 3. Translation entry query for information 
respecting the identity of a node that serves a par 
ticular DN. The protocol may permit any node 
possessing the information to respond to a type 3 
message or responses may be restricted to gateWay 
nodes in the domain of the node that serves the DN. 
Also used for inter-domain translation entry 
exchanges used to provide gateWay nodes With DN 
routing information. Type 3 messages are sent and 
received only by gateWay nodes. 

[0042] 4. Inter-domain messages to notify nodes in 
other domains of DN changes or translation entry 
changes. Response is expected but the response may 
be void of content. 

[0043] 5. Next-hop routing REQUEST With reverse 
SVC setup to obtain a translation entry for a speci?c 
DN and to concurrently set up a call path from the 
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destination node to the originating node Which 
launched the query. A translation RESPONSE is 
mandatory if a destination node receives the 
REQUEST message 

[0044] 6. Next-hop routing request With reverse SVC 
setup, Without a translation query. Translation query 
response data is not included in a RESPONSE to a 
type 6 message. Alternatively, a type 5 message can 
be used to request reverse SVC setup Without a 
translation query, in Which case a translation query 
object is not included in the message. If this type 5 
message format is used for reverse SVC setup , the 
type 6 is not required. 

[0045] The remaining ?elds in the message header 
include: 

[0046] A sequence number generated by the voice 
interface control unit 24 for the purposes of associ 
ating RESPONSES With a REQUEST. 

[0047] A source node identi?cation in the form of a 
source node address pre?x and a point code assigned 
to the voice interface control unit 24 Which origi 
nates the message; 

[0048] A source node address type to distinguish the 
addressing system used by the backbone netWork 
Which may be, for example, ASEA, E.164 or IP 
addressing; 

[0049] A destination address Which includes the 
address pre?x and the point code of the voice inter 
face control unit 24 of the destination node. For type 
3, type 5 and type 6 messages, a destination is 
unknoWn and the destination address ?eld is null 
?lled. Those messages are normally forWarded to the 
domain’s gateWay node(s), Which preferably main 
tain next-hop resolution routing tables that permit the 
message to be forWarded toWard the destination 
node, as Will be explained beloW in more detail; 

[0050] Adestination node address type to distinguish 
the addressing system used by the backbone netWork 
Which may be, for example, ASEA, E.164 or IP 
addressing; 

[0051] A “time to live” (TTL) ?eld Which stores an 
integer assigned for each message type by a netWork 
manager at a voice interface control unit 24. When a 
message is formulated by a voice interface control 
unit 24 of a node 12, the voice interface control unit 
24 inserts the default TTL into the message header. 
Each recipient node examines the TTL. If the TTL is 
greater than one, the recipient node may respond to 
the message or forWard the message as appropriate. 
If the TTL is one, the recipient node may respond to 
the message but may not forWard the message. If the 
TTL is less than one, the recipient node must discard 
the message Without responding or forWarding. 
Before forWarding a message, each node subtracts 
one from the value of the TTL ?eld; and 

[0052] A message length ?eld to indicate a total 
length of the message, including the message content 
portion. 

[0053] As explained above, the message content portion 
contains a variable number of content objects 32. Each 
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content object 32 includes a content type indicator. In 
accordance With the preferred embodiment of the invention, 
de?ned content types include: 

[0054] a) local DN list Which may be included in any 
REQUEST or RESPONSE message except type 6 
messages to provide other nodes With a list of dialed 
number pre?xes served by the node originating the 
REQUEST or RESPONSE message; 

[0055] b) domain DN list Which may be included in 
message types 3, 4, 5 or 6 to provide nodes in another 
domain With all DNs served by a source domain. The 
domain DN list does not provide destination 
addresses associated With the DNs in the list; 

[0056] c) group list for gateWay domain DNs Which 
may be included in message types 3 or 4 to provide 
gateWay nodes in other domains With a list of DNs 
served by the source domain as Well as the point code 
and the AESA address of the gateWay node for the 
domain. A group content object can be added by each 
gateWay node that receives a type 3 or 4 message; 

[0057] d) translation query data Which is included in 
a REQUEST message and contains a speci?c DN for 
Which a translation is required. Translation query 
data is also included in a RESPONSE message and 
then contains the ASEA address and point code of a 
voice interface control unit that serves the DN; 

[0058] e) point code stack data for Which tWo content 
type identi?ers exist. The point code stack data is 
used to prevent message loop-back. and to provide 
message path data for domain gateWay nodes. The 
point code stack includes the point code of each 
voice interface control unit traversed by a 
REQUEST message. In a RESPONSE message the 
point code stack data is copied to a neW content 
object hereinafter referred to as the “original PC 
stack” Which is assigned the second content type 
identi?er for PC stack content objects. The point 
code stack is used to route a RESPONSE message 
back to the voice interface control unit that origi 
nated the REQUEST message and the original point 
code stack provides a record of the entire path 
traversed by the REQUEST and RESPONSE mes 
sages; 

[0059] f) SVC setup request data Which includes an 
originating node ASEApre?x and point code as Well 
as a VCCI and other data such as a traf?c contract, 

called party address, QOS, etc. to be used to set up 
the SVC by the destination node receiving the SVC 
request; and 

[0060] g) a failure indication may also be included in 
RESPONSE messages to indicate a failure condition. 
For example, if an SVC request cannot be satis?ed a 
failure indication Will be returned. 

[0061] The message structure permits the addition of any 
number of other content object types, as a need arises. 

[0062] FIGS. 2b and 2c provide examples of the six types 
of messages for address resolution. As explained above, 
message type 1 is used for intra-domain initialiZation to 
populate all nodes in the same domain 18a-18d With dialed 
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numbers (DNs) served by a node requesting initialization or 
responding to a type 1 initialization request. 

[0063] In accordance With protocol, each address resolu 
tion message is identi?ed as a REQUEST or a RESPONSE 
message. The source ASEA address (A1) and the source 
point code (PC) (P1) of the requesting voice interface 
control unit 24 is provided to permit responding voice 
interface control units 24 to address the RESPONSE. The 
destination address (Ax, PX) shoWn in FIG. 2b is changed as 
a copy of the message is sent to each other voice interface 
control units 24 in the domain. Since the request is for 
intra-domain initialiZation, the ATM node 12 incorporates a 
content object 32 in the message Which includes a local DN 
list. The local DN list includes all dialed number pre?xes 
(DNs) that are served by the requesting voice interface 
control unit 24. The DNs in the local DN list are truncated 
to the minimum distinguishing number of digits. For 
example, if a voice interface control unit 24 serves an entire 
area code, the DN is truncated to the Number Plan Area 
(NPA) or the country code and area code for terminations 
outside North America. If, hoWever, the voice interface 
control unit 24 serves only selected exchanges of an area 
code, the NPA plus exchange codes are included in the local 
DN list. 

[0064] Address Resolution 

[0065] FIG. 3 is a schematic diagram illustrating initial 
iZation messages sent in domain 18c (FIG. 1) When the 
voice interface control unit associated With ATM edge node 
S-C6 sends initialiZation messages of type 1 or type 2. For 
example, if the edge node S-C6 is being brought into service 
to connect SSP-C3 or SSP-C2 to the ATM netWork 10, the 
associated voice interface control unit 24 is con?gured With 
permanent virtual circuits dedicated to control messaging. 
On initialiZation, the voice interface control unit 24 of node 
S-C6 formulates a type 1 REQUEST messages (FIG. 2b) 
Which it sends to each of the nodes in its domain to Which 
it has a con?gured control virtual circuit. Messages are 
therefore sent to nodes S-C2; S-C3; S-C4; and S-C5. The 
message path is indicated by the bold black lines 34 shoWn 
in FIG. 3. Each REQUEST message 34 includes the local 
DN list of node S-C6 to provide peer nodes in the domain 
With the DNs served by the node S-C6. On receipt of the 
REQUEST message of type 1, the receiving nodes respond 
With a RESPONSE message of type 1 (FIG. 2b) in Which the 
responding voice interface control units 24 provide their 
corresponding local DN list. The RESPONSE message path 
36 is indicated by the bold dashed lines in FIG. 3. Type 2 
REQUEST messages and type 2 RESPONSE messages are 
sent by the same paths for updating a change in the local DN 
list. 

[0066] FIG. 4 schematically illustrates the effects of a type 
1 REQUEST and a type 1 RESPONSE message exchange. 
As is apparent, When the REQUEST is formulated, the 
requesting node translation table 38 includes only the local 
DN list. After receiving the REQUEST, the receiving node 
“S6” adds the DN list of the requesting node “S1” to its 
translation table 40 and responds With its local DN list. On 
receipt of the RESPONSE message, node S1 adds the local 
DN list of node S6 to its translation table 38 as shoWn in 
FIG. 4. Consequently, the voice interface control unit 24 
associated With each node 12 in each domain maintains a 
translation table Which includes all DNs served by the 
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domain. Whenever a node administrator changes a transla 
tion table or a domain administrator adds a neW node or a 

neW voice interface control unit 24 to the domain, the results 
are ?ooded to other peers in the domain using type 1 or 2 
messages, so that the translation tables are automatically 
maintained. Therefore, an SVC can be set up immediately by 
an originating node for any STM call Which originates and 
terminates on SSPs served by ATM nodes 12 Within the 
same domain. This enables rapid intra-domain call process 
ing. Call processing speed may be further improved using 
sWitched virtual circuits as described in applicant’s co 
pending patent application entitled “METHOD AND APPA 
RATUS FOR CACHING SWITCH VIRTUAL CIRCUITS 
INAN ATM NETWORK”, Which Was ?led on Apr. 2, 1998, 
and has noW issued as US. Pat. No. 6,275,493, the speci 
?cation of Which is incorporated herein by reference in its 
entirety. 

[0067] Although inter-domain calls may be routed 
directly, call admission requests Will be received by the 
voice interface control unit 24 associated With DNs served 
by other domains. The voice interface control units 24 
receiving such requests require a mechanism to resolve the 
address of a destination node Which serves the DN. Three 
solutions are described beloW. 

[0068] In a ?rst solution, a next-hop address resolution 
method is described in Which a translation entry REQUEST 
message is sent through the netWork to determine the 
address of the destination node. In a second of the solutions, 
a translation entry REQUEST message is sent along With an 
SVC request to enable reverse SVC setup from the desti 
nation node in order to facilitate call processing. In the ?rst 
and second solutions, the address of the voice interface 
control unit 24 associated With the destination node that 
serves the called number is stored at the originating voice 
interface control unit 24 and may be ?ooded to its peers in 
the same domain. In netWorks Where the translation tables 
become too large, hoWever, the preferred solution is to use 
next-hop routing With reverse SVC setup Without a transla 
tion entry query. Each of these solutions are described beloW 
in some detail. 

[0069] When a voice interface control unit 24 receives an 
STM call admission request, if the voice interface control 
unit 24 does not have a record in its DN translation table 38, 
40 (FIG. 3) to determine an ATM destination node to service 
the call, the voice interface control unit 24 may use a type 
3 REQUEST message to query other netWork nodes for the 
address. Before sending a type 3 request message, the voice 
interface control unit 24 at the originating node may be 
programmed to perform one of tWo options. The ?rst option 
is to simply release the call back to the PSTN on the theory 
that locating the destination node Will take too long to serve 
the call Within an acceptable call setup delay. The PSTN can 
then route the call through its STM facilities. The second 
option is to set a time-out clock When the REQUEST 
message is formulated. If the time-out clock expires before 
a RESPONSE is received, the call is released back to the 
PSTN Which routes the call through its STM facilities. 

[0070] In either instance, a REQUEST message of type 3 
(FIG. 2b) is formulated, and forWarded to the gateWay node 
of the domain. If the domain has more than one gateWay 
node, a type 3 message may be sent to each gateWay, unless 
otherWise instructed by precon?gured information. On 
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receipt of the type 3 message, the voice interface control unit 
24 at the gateway node checks its translation table to 
determine whether it has knowledge of the termination node 
for the DN in question. If it cannot locate the DN in its 
translation tables, the gateway node adds its point code to 
the content object containing the PC stack, subtracts one 
from the TTL and forwards the REQUEST message to each 
peer in adjacent domains with which it has a control virtual 
circuit established. The gateway can also be con?gured with 
the neXt-hop routing resolution table respecting where to 
send a REQUEST message for a given DN, rather than 
sending a REQUEST message to every adjacent domain. A 
gateway can also be con?gured to discard a REQUEST 
message for certain DNs. This option may be used by 
network administration to control unnecessary ?ooding. 
When a peer gateway node receives the type 3 REQUEST 
message, it checks its translation tables to determine 
whether it has knowledge of the DN and, if so, responds with 
a type 3 RESPONSE (FIG. 2c). This chain continues until 
a gateway node has knowledge of the destination node to 
serve the DN. As the voice interface control unit 24 asso 
ciated with each node receives the message, it checks the 
TTL. As described above, if the TTL is Zero, the voice 
interface control unit 24 can respond to the message but not 
forward it. Before a message is forwarded, the voice inter 
face control unit 24 deducts one from TTL and adds its point 
code to the PC stack. If its point code is already in the PC 
stack, the REQUEST message is discarded to prevent mes 
sage looping. When a voice interface control unit 24 node 
having knowledge of the destination node to serve the call 
receives the message, it prepares a type 3 response message 
which it returns to the requesting voice interface control unit 
24 using the data in the PC stack to route the message back 
to the origin. The PC stack is a last-in-?rst-out (LIFO) 
pop-up stack. Consequently, the response message will 
transverse a reverse order of the point codes in the stack. 
When the voice interface control unit 24 of the gateway in 
the originating domain receives the response message, it 
passes the message on to the voice interface control unit 24 
associated with the originating node, and records the 
sequence ID from the message and the destination address of 
the RESPONSE message. If a subsequent RESPONSE 
message with the same sequence ID and destination address 
is received, that message is discarded. As the RESPONSE 
message is passed back to the originating node through the 
various gateway nodes, each gateway node may enter the 
translation query response data into its own translation 
tables. Each gateway node may also append its local DN list 
as a content object to the message. Each gateway may 
further optionally ?ood the translation query data to all other 
edge nodes in its domain using REQUEST type 2. If such 
?ooding is practiced, it is preferable that a message delay 
clock be implemented in each voice interface control unit 
24. The purpose of the delay clock is to prevent ?ooding for 
a predetermined period of time subsequent to a last ?ooding 
by the same voice interface control unit 24. This helps 
ensure that the control virtual circuits are not overloaded 
with ?ooding messages. 

[0071] When a subsequent call to the same DN is received 
at the originating edge node or any other node to which the 
query data was ?ooded, an ATM SVC can be set up to the 
destination ATM node which is now in the translation table. 
Furthermore, if the voice interface control unit 24 associated 
with each gateway node is programmed to store the neXt-hop 
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address for the DN, ISUP call control messages can be sent 
in ATM cells to the destination voice interface control unit 
24 to permit the set up of an egress trunk path from the TDM 
peripheral 20 that serves the DN. This minimiZes the amount 
of con?guration required in the common channel signaling 
network for voice interface control units 24, since call 
control data is sent through the ATM network. 

[0072] In order to conserve memory required for neXt-hop 
resolution routing tables which are used to route call control 
and address resolution massages, the voice interface control 
units at gateway switches need only save a neXt-hop address 
for any DN that is not served within that gateway’s domain. 
A preferred structure for such a table is shown below in 
Table 1. 

TABLE I 

Gateway Next-Hop Resolution Routing Table 

DN Next-Hop AESA Next-Hop PC Control VC 

913-547 A1 P1 VCX 

[0073] In order to facilitate call control and address reso 
lution message routing, an initialiZation procedure similar to 
that described above with reference to message types 1 and 
2 can be used to permit gateway nodes to build their gateway 
neXt-hop resolution routing tables. Message type 3 is used 
for that purpose. As shown in FIG. 2c, a type 3 message is 
used for inter-domain request for neXt-hop resolution table 
entries. FIG. 5 schematically illustrates a type 3 message 
exchange which originates at the gateway node S-A3 which, 
for the sake of eXample, was recently designated a gateway 
node. In the message eXchange shown in FIG. 5, the voice 
interface control unit 24 associated with gateway S-A3 
formulates a type 3 REQUEST message which includes a 
content object of the type “group (gateway AESA, point 
code; domain DN list)”, and forwards the message to its peer 
at S-D4. The gateway node S-A3 also forwards a copy of the 
message to its peer at S-A4 in the same domain. Each type 
3 message has a TTL-4. As shown in FIG. 5, the message 
received by gateway S-A4 is subsequently forwarded to 
gateway S-Bl. 

[0074] Before forwarding the message, the gateway S-A4 
eXamines the content objects for any information which it 
does not possess in its routing tables. Since the message 
originated in its own domain, it has all of the domain DN list 
owned by gateway S-A3 in its routing tables. Consequently, 
it simply adds its point code to the PC stack, adds a content 
object with its own “group (gateway ASEA, point code; 
domain DN list)”, subtracts one from TTL and forwards the 
message. On receipt of the message, gateway S-Bl inspects 
the content objects of the message. Assume that gateway 
S-Bl already knows the domain DN list of gateway S-A4 
and it is the shortest path to the domain of S-A4. Gateway 
S-Bl likewise simply adds a content object to the message 
with its domain DN list, adds its point code to the PC stack, 
subtracts one from the TTL and forwards the message to 
S-C5. For the sake of example, it is assumed that gateway. 
S-C5 does not know the domain DN list of domain “A”. 
When gateway S-C5 eXamines the content objects, it there 
fore copies the contents of the object added by gateway 
S-A4 after inspecting each of the content objects. Gateway 
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S-C5 supplements the copied domain DN list With the next 
hop indicated as domain gateway S-B1 and a path length of 
tWo hops because gateway S-A4 is tWo hops aWay on this 
path. S-A4 Was selected because it is tWo hops aWay, While 
S-A3 is three hops aWay. S-C5 then adds a content object 
With its oWn domain DN list, adds its point code to the 
original PC stack, subtracts one from TTL and forWards the 
message to S-C2. On receipt of the message, S-C2 inspects 
the content objects and adds the domain list of S-B1 and 
S-A4 to its next-hop resolution table because those DNs 
Were, for the sake of example, unknoWn to that gateWay. 
GateWay S-C2 With TTL equal to Zero converts the 
REQUEST to a RESPONSE and returns the RESPONSE 
along the reverse path of the REQUEST as described above. 
In the RESPONSE message, a record of the entire path is 
kept in the original PC stack and the PC stack is used to route 
the RESPONSE message along the same path back to the 
originating node. Each gateWay node receiving the 
RESPONSE message examines the content objects attached 
to the RESPONSE to determine if they contain a neW 
domain DN list or a shorter path for a knoWn domain DN list 
in its next-hop resolution routing table. If so, it Will update 
the table. As a result of this process, the next-hop resolution 
routing table in originating node S-A3 is updated With 
domain DN list information to permit it to route calls to DNs 
served by any of domains B, C and D using a shortest call 
control messaging path. 

[0075] The REQUEST message sent by S-A3 to S-D4 is 
forWarded to S-C2, S-C5 and S-B1 in a similar procedure. 
Each gateWay on the path updates its next-hop resolution 
routing table With any neW domain DN lists or any shorter 
path. For DNs served by the domain 18b (FIG. 1), the 
gateWay S-A3 determines, by inspecting the RESPONSE 
messages, that the preferred next-hop to, the gateWay S-B1 
is through its peer gateWay S-A4 Whereas control messages 
for calls served by domain 18c are best routed to node S-C2 
via node S-D4. The DNs received from gateWay S-C2 are 
therefore stored in Table I With the next-hop address being 
the point code and AESA pre?x of the. gateWay node S-D4. 
In domains A and C Which have tWo gateWays each, the 
gateWays (S-C2, S-C5, for example) may be programmed to 
?ood domain DN-list information to all other voice edge 
nodes in the domain to permit the voice interface control 
nodes 24 to build their DN routing tables to include shortest 
hop routes. Alternatively, system administrators may con 
?gure each voice edge node to send certain inter-domain call 
control and address resolution messages to a speci?c gate 
Way. 

[0076] Reverse SVC Setup 

[0077] Once the next-hop address resolution table is built, 
it can be used to enable reverse SVC setup. Therefore, in 
order to ensure that a call admission request can be served 
With an acceptable delay, the preferred method of address 
resolution is to use a REQUEST message of type 5 or type 
6 (FIG. 2c). Type 5 REQUEST messages include a content 
object Which instructs reverse SVC setup from the destina 
tion node. FIG. 6 illustrates a signaling and SVC setup 
sequence using a REQUEST message of type 5. As shoWn 
in FIG. 6, 21 called admission request is received from 
SSP-A4 by the voice interface control unit 24 associated 
With ATM node S-A2. The voice interface control unit 24 
associated With the ATM node S-A2 cannot locate the DN in 
its translation table. Its control program is instructed to 
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formulate a type 5 REQUEST message under those circum 
stances. A type 5 REQUEST is therefore formulated and 
forWarded to the gateWay node S-A3. The voice interface 
control unit at S-A3 consults its gateWay routing table (Table 
1) and determines that the next-hop for the dialed number is 
the gateWay node S-D4. The voice interface control unit 24 
at S-D4 consults its gateWay routing table and determines 
that the next-hop is gateWay node S-C2. The voice interface 
control unit at the gateWay node S-C2 has knoWledge of the 
terminating node that serves the DN because the DN is 
served by its domain. It consults its translation table and 
determines that the destination node is S-C6. Since all nodes 
in the domain are logically fully meshed, the gateWay node 
S-C2 has a virtual control circuit to the destination node 
S-C6 and forWards the type 5 message to that node. On 
receipt of the message, the call interface control unit at 
destination node S-C6 examines the content objects and 
extracts the SVC request Which includes the origination 
node address and a VCCI to be used for setting up an SVC 
to serve the call. The node S-C6 therefore sets up a SVC 
using ATM routing methods Which select the shortest path 
through the originating node. The SVC is represented by the 
heavy black line 44 shoWn in FIG. 6. As may be seen, the 
SVC traverses the nodes S-C1 and S-A3 Which is the 
shortest path to the originating node S-A2. On receipt of a 
CONNECT con?rmation from S-A2 advising the destina 
tion node S-C6 that the SVC setup is complete, the desti 
nation node S-C6 forWards an IAM message to the desti 
nation PSTN. When the destination node S-C6 receives an 
ACM and an ANM from the destination PSTN, it returns a 
response message via the same path 42 indicated by the 
heavy dashed line to the voice interface control unit 24 at the 
node S-A2. 

[0078] In accordance With this protocol, the REQUEST 
and RESPONSE messages replace corresponding ISUP SS7 
messages. The REQUEST message replaces the ISUP IAM. 
The ISUP IAM message can be encapsulated in a content 
object of the REQUEST message and sent to the destination 
voice interface control unit 24. The RESPONSE message 
replaces the ISUP ACM and ANM messages. Similarly, the 
ISUP ACM and ANM messages can be encapsulated in 
content objects of the RESPONSE message. Thus signaling 
load in the common channel signaling netWork is reduced 
and the number of signaling messages is minimiZed. FIG. 7 
is a schematic diagram of the messages exchanged during 
the reverse SVC setup shoWn in FIG. 6. 

[0079] The RESPONSE message shoWn in FIG. 6, 
includes DN translation data Which may be stored by the 
originating node S-A2 and in intervening nodes (S-A3; 
S-D4). In very large netWorks, hoWever, saving translation 
data for every DN could make translation tables too large 
and too complex for ef?cient operation. 

[0080] The invention therefore provides a request message 
of type 6 Which is used for next-hop routing REQUESTs 
With reverse SVC setup, Without a translation entry query. 
The message type 6 permits call setups With reverse SVC 
setup as shoWn in FIGS. 6 and 7, Without returning trans 
lation query data. In accordance With this solution, each 
voice interface control unit at edge nodes in each domain 
knoWs and maintains routing tables for its oWn DNs. Gate 
Way nodes S-A3, S-A4, S-B1, S-C2, S-C5 and S-D4 each 
maintain next-hop routing tables, (Table 1). Call completion 
is accomplished using REQUEST messages of type 6 in 
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Which SVCs are set up in reverse from the destination node. 
This permits ef?cient call setup While minimizing translation 
table siZe and ensuring automated translation table mainte 
nance. Call setup performance can be further improved by 
using cached SVCs for the reverse SVC setup to further 
improve SVC setup time. 

[0081] Although the preferred embodiment of the inven 
tion has been described With reference to an ATM netWork 
as the broadband backbone for transferring voice and voice 
data calls, the methods of address resolution and call control 
messaging described above are equally applicable to the use 
of an IP netWork for the same purpose. 

[0082] If the methods and apparatus are used for the 
transfer of voice and/or voice data over IP, each voice 
interface control unit is assigned an address Which includes 
an IP address and a point code. The address ?eld in all call 
control and address resolution messages is set to indicate the 
address type as “IP”, as described above. The control VCs 
betWeen voice interface control units are not currently 
supported by IP protocol, so REQUEST and RESPONSE 
messages, as Well as call control messages are sent as 
connectionless service IP packets. Since all IP services are 
currently connectionless, the method of reverse SVC setup 
is not used. Nonetheless, the neXt-hop resolution routing 
table is built and maintained to indicate the neXt-hop IP 
address of a gateWay voice interface control unit 24 to 
facilitate call setup using a shortest path. Call control 
messages are forWarded using that shortest path to a desti 
nation voice interface control unit to enable call egress setup 
to the PSTN. 

[0083] If the IP netWork supports such protocols as RSVP 
or MPLS/LDP, Which are knoWn in the art, a path may be set 
up for the call. In that case, IP path setup can be done in a 
similar Way to the reverse SVC setup described above. 
Alternatively, the call setup in the destination PSTN may be 
done before the path setup is completed in the IP netWork. 
On receipt of the REQUEST message, the destination IP 
edge node may immediately forWard an IAM to the desti 
nation PSTN. After ACM and ANM messages are received 
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from the destination PSTN, a RESPONSE message may be 
returned to the originating IP edge node to indicate the IP 
address of the destination edge node. Before the path is 
available, voice packets are forWarded using connectionless 
packets in the IP netWork. 

[0084] The embodiment(s) of the invention described 
above is(are) intended to be exemplary only. The scope of 
the invention is therefore intended to be limited solely by the 
scope of the appended claims. 

We claim: 
1. A method of address resolution for the transfer of 

synchronous transfer mode (STM) calls through multiple 
domains in an IP netWork, comprising the steps of: 

checking a called number translation table at an edge node 
in the IP netWork Which receives an admission request 
for the call to determine Whether an address of an IP 
destination node to serve the called number is knoWn; 

if the address is knoWn, sending IP packets to the desti 
nation node to set up egress of the call from the 
destination node to the STM netWork; 

if the address is not knoWn, formulating a query message 
at the edge node to determine the address of an IP 
destination node that serves the called number; and 

forWarding the query message to at least one predeter 
mined node in the IP netWork to request a translation of 
the called number to determine the address of the IP 
destination node; and 

for a prede?ned number of hops, forWarding the query 
message to at least one other IP node if a node receiving 
the query does not possess information to enable the 
translation. 

2. Amethod as claimed in claim 1 Wherein the at least one 
predetermined node in the IP netWork is a gateWay node in 
the domain of the edge node. 

* * * * * 


