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(57) ABSTRACT

In private telecommunication networks offering a call
completion on busy link service, 1f a call request cannot be
completed because of congestion of a link, and 11 setting up
the call entails an overtlow to the public network, the rights
of the user may not be sulficient for subsequent completion
of the call. To prevent this service being offered to a user
whose rights are insuificient to enable subsequent call
completion, because of the overtlow, costs are assigned to
the various links of the private network as a function of the
overflows and access to the call completion on busy link
service 1s monitored as a function of the rights of the user
and the mimmimum total cost of completing the requested call.
This prevents users with insuflicient rights being queued

indefinitely waiting for the call completion on busy link ser-
vice.

20 Claims, 5 Drawing Sheets
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CONTROL OF ACCESS TO THE CALL
COMPLETION ON BUSY LINK SERVICE IN A
PRIVATE TELECOMMUNICATION
NETWORK

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s a method of controlling access to
the call completion on busy link service 1n a private telecom-
munication network.

2. Description of the Prior Art

The invention concerns private telecommunication net-
works. Such networks are formed of communication nodes
connected together by links carrying calls and/or signaling.
It applies equally to physical private networks (which are
formed of dedicated connections), virtual private networks
and hybrid networks combining the two solutions. In the
remainder of the description the mvention 1s described with
reference to one example of a private network with
signaling, but 1t applies more generally to other private net-
works.

The Drykstra algorithm 1s described 1n the literature on
algorithms and calculates the shortest path between tow
nodes 1 a graph. In operation, the algorithm considers a
graph G with N nodes, which 1s valued, 1.e., each existing
path of which between two nodes 1 and j 1s assigned a value
or weight I1(1,1); considers an outgoing node s of the graph G
and i1n mcoming node d; and seeks a path minimizing I1
(s,d), the distance from s to d, 1.e., the sum of the values of
the connections s to d. S 1s the subgraph of G formed of the
nodes x for which the minimum path to s is known, and S is
its complement. I', 1s the set of nodes adjoining a given node
1.

Initially the subgraph S contains only the node s, and S
contains all the other nodes, assigned the following initial
values:

(s, 1)=I(s, 1) for €I, the parent node being s;

(s, 1)=c0, for the other nodes, which have no parent node.

An 1teration of the algorithm 1s effected in the following
mannet.

If S is empty, or if it contains only nodes i1 with mt(s, 1)=0o,
the algorithm has finished.

Otherwise, the node n of S is considered which is nearest
the originating node, 1.e. the node which minimizes n(s, 1), 1
& S; this node is taken from S and placed in S.

The nodes adjacent this node n are then considered and
the algorithm calculates

ni(s, n)=l(n, |),j€l, and IES;
If this quantity 1s less than (s, 1), then m(s, j) 1s updated:

7i(s, ] ):=m(s, n)+l(n, j)

and the parent node of 1s also updated, which becomes n.

This operation 1s carried out for all the nodes of I, , after
which S is reordered.

In this way, all the nodes of the graph are progressively
added to S, 1n order of increasing path length. To find a path
to a given node d, the algorithm can be interrupted before 1t
finishes, since the destination node a has been added to the
subgraph S.
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The validity of the algorithm 1s demonstrated by the fol-
lowing reductio ad absurdum argument. Consider the node n
nearest S which must be added to S. If there is a nearer path,

that path starts from s and arrives at n and has a first node m
in S. Then:

(s, m)+m(m, n)<m(s, n)
and, since m(m, n) 1s positive or Zero:
7i(s, m)<p(s, n)

which contradicts the hypothesis. It 1s also clear that (s, m)
has been calculated 1n a preceding iteration, when adding the
parent of m to S.

The document by J. Eldin and K. P. Lathia “Le RNIS
applique au Centrex et au reseaux prives virtuels” [The
ISDN applied to Centrex and to virtual private networks]
contains a description of physical private networks and vir-
tual private networks. As explained in the document, 1n a
physical private network the various sites or nodes are con-
nected by dedicated circuits but in a virtual private network
cach node 1s connected to the local switch nearest the public
network, where appropriate software sets up the connections
on demand. There are two variants ol the virtual private
network: on the one hand, semi-permanent connections can
be provided, which are set up without dialing as soon as any
of the nodes requires the circuit, and which always connect
the same two points. Such may be the case 1n particular for
signaling connections 1n an application on an integrated ser-
vices digital network. On the other hand, switched connec-
tions can be provided, which can set up only by dialing.

The remainder of the description considers only physical
or virtual private networks formed of nodes connected by
links, which can be any type: dedicated connections, or links
using an external network; the latter can be of any type—the
public switched network, a public land mobile network, an
integrated services digital network, etc. FIG. 1 shows one
example of a private network of this kind. This network
includes, for example, nodes 1 to 6; nodes 1, 2 and 4 to 6 are
connected to the public network 8 by circuit groups 11, 12
and 14 to 16. The nodes are interconnected by links formed
of private connections, shown in bold 1n the figure, or, as 1n
the case of the link between nodes 5 and 6, by a link com-
prising only a signaling connection. For a digital link, each
private connection comprises at least one access, formed by
a signaling connection and a plurality of B channels. The
link between nodes 5 and 6 in FIG. 1, and likewise the link
between nodes 1 and 2, comprises a signaling connection
and no B channel; this 1s typical of a node corresponding to a
branch office, for which the volume of traffic 1s not very
high.

The problem of overtlow, 1.¢. the problem of a call request
that cannot be satisfied by the network because 1ts resources
are congested, arises 1n private networks. This problem can
arise 1 the private links of the private network have a fixed
capacity, rather than a capacity which 1s allocated dynami-
cally and which 1s less than the possible maximum volume
of traffic. Completing the corresponding call using the pub-
lic network 1s known 1n 1tself. In other words, 1f a user at
node 2 wants to contact a user at node 6, and i1 the private
network 1s congested and cannot complete the call, the call 1s
completed via circuit groups 12 and 16 and the public net-
work. This can be the case, for example, 11 the connection
between nodes 2 and 4 1s congested. In FIG. 1, reference
numeral 10 shows schematically a call of this kind via the
public network. Overflow may also be necessary if the link
in question has no B channel, as 1n the case of node 6 1n FIG.

1.
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One problem 1s the cost of such overtlows. Because of this
cost, rules can be defined denying certain users or certain
categories of user access to this service.

The prior art also provides a CCBL (call completion on
busy link) service which provides automatic callback 1t a
link of the private network 1s busy or congested. In this case,
the calling user 1s put on hold for as long as the private
network link 1s congested and 1s called back when suificient
resources are released to route the call. In existing private
networks this CCBL service 1s provided without distinguish-
ing between users.

This solution gives rise to the following problem in the
case of overtlows to the public network. If an overtlow 1s
necessary to reach the called user, and 11 the rights or moni-
tored cost of the user are less than the charge incurred for the
overflow, the CBBL service might never call back. This 1s
the case 1n particular for users who have no overflow rights.
The CCBL request therefore remains unsatisfied.

The mvention proposes a solution to this new problem. It
prevents users being queued unnecessarily and prevents con-
gestion of the private network by CCBL requests that cannot
be satisfied. The 1nvention applies particularly to the routing,
solution proposed 1n our application filed the same day as
this application with the title “Routing of calls with overtlow
in a private network™. It also applies to routes chosen by a
separate process and which enables one or more overtlows to
a public network.

SUMMARY OF THE INVENTION

To this end, the 1invention proposes a method of control-
ling access to the call completion on busy link service 1n a
private telecommunication network allowing overflow to
another network, wherein users are allocated rights to over-
flows and access to the service by a user for a call entailing at
least one overtlow 1s dependent on the rights of the user.

In one embodiment of the method some users do not have
the right to overtlows and access to the service for a call
entailing at least one overtlow 1s refused to such users.

A step of calculating the minimum number of overtlows
for a call can be provided, advantageously using the Dijkstra
algorithm.

In one embodiment of the method certain links are not
monitored, certain users do not have rights to overtlows
except on said links which are not momtored and access to

the service for a call entailing at least one overtlow onto an
unmonitored link 1s refused to such users.

A step of calculating the minimum number of overtlows
onto monitored links for a call can be provided, advanta-
geously using the Dijkstra algorithm.

In another embodiment of the invention access to the ser-
vice by a user for a call entailing at least one overflow
depends on a comparison of the rights of the user and the
cost of the overtlow(s).

The method preterably comprises a step of calculating the
mimmum cost of the overtlows for a call, preferably using
the D1ijkstra algorithm.

A connectivity flag can then be propagated during appli-
cation of the Dijkstra algorithm to determine if there 1s a
path without overtlows.

Other features and advantages of the invention will
become apparent on reading the following description of
embodiments of the mmvention, which 1s given by way of
example and with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic representation of a prior art pri-
vate network.

10

15

20

25

30

35

40

45

50

55

60

65

4

FIG. 2 1s a diagrammatic representation of a private net-
work 1in which the invention 1s used.

FIGS. 3 to 6 are flowcharts of various embodiments of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The mvention proposes, 1 a virtual private network, to
determine the minimum cost of a call, 1n terms of overflows,
to enable efficient management of the CCBL service as a
function of the rights of calling users.

To this end, the invention proposes to assign to each link

ol the private network a valuation or cost, denoted
CCBLCost herematter, reflecting the fact that an overtlow 1s
necessary or not necessary to route a call between the two
nodes connected by that link. FIG. 2 1s a diagrammatic rep-
resentation of a private network, similar to that from FIG. 1;
FIG. 2 show the number of channels on each link, and the
corresponding CCBLCost. The latter can be determined 1n
the following manner:

for links allowing routing of calls, the cost 1s zero;

for links necessarily involving an overflow, the cost 1s
non-zero.

Accordingly, in the FIG. 2 embodiment, the CCBLCost 1s
zero for the links between nodes 1 and 3, 2 and 4, 4 and 5. In

fact, each of these links has at least one B channel and there-
fore can route calls without overtflow onto the public net-

work.

The CCBLCost of the links between nodes 1 and 2, on the
one hand, and between nodes 5 and 6, on the other hand, 1s
non-zero. In fact, these links have no B channel, but only a
signaling channel, and overtlow 1s therefore essential for
routing a call.

The 1nvention therefore makes 1t easy to determine
whether overtlow 1s needed or not for a call request and to
grant or refuse the CCBL service. For this 1t 1s sufficient, for
a given call request, to sum the CCBLCost values of the
links that the requested call must use; the minimum cost of
the call 1s obtained 1n this way.

For example, between nodes 2 and §, a call can be set up
via node 4 and links of the private network which each have
at least one B channel. The cumulative CCBL cost of the
various links 1s therefore zero, and this 1s representative of
the fact that a call can be set up without overtlow.

Between nodes 4 and 6, for example, or between nodes 2
and 6, a call can be set up only using overtlow via the public
network. The overflow can be direct overtlow, as 1n the prior
art, using a call via the public network between nodes 4 and
6, for example. As explained 1n our patent application
referred to above, the overflow can also be an overflow
between nodes 5 and 6, the call passing between nodes 4 and
5 1n the private network.

In all cases, a call between these nodes necessarily uses a
link of the private network whose CCBLCost 1s non-zero.

This 1s representative of the fact that a call cannot be set up
without at least one overtlow.

In this embodiment, the valuation or the cost of the links
having only a signaling channel can have any non-zero
value; a value of 1 1s suitable, for example. The mvention
enables the CCBL service to be refused to a user who has no
overflow rights 11 the call envisaged necessarily entails an
overflow. In this case the invention functions 1n the follow-
ing manner. In the case of a call set-up request, 1f a link 1s
busy, and 1f the CCBL service i1s required, the algorithm
determines:

11 the user has the overflow right, and

11 there 1s a possible route without overtlow.

I1 the user has no overtlow right, and 11 there 1s no possible
route for the requested call, the CCBL service 1s refused.
This avoids queuing users unnecessarily.

PREFERRED
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To determine whether a call for which the CCBL service
1s required entails an overflow or not, the invention proposes
to calculate the shortest path across the private network,
treating the CCBLCost as defined above as a distance. It 1s
therefore possible to determine the minimum cost 1n terms
of overtlows for a given call, 1n order to refuse or to grant the
CCBL service. In other words, with the valuation choices
defined above, a shortest path calculation 1s effected:

if the shortest path has a zero total valuation, there 1s a
route without overtlow;

i the shortest path has a non-zero total valuation, there 1s
no route without overtlow.

The shortest path calculation can advantageously be

cifected using the Dijkstra algorithm. The algorithm can be

applied to the mvention by considering the graph formed of

the nodes of the private network, the links between the nodes
being valued by the CCBLCost defined above. The mini-

mum path for a call, 1n terms of the cumulative CCBLCost
on the links of the private network, 1s obtained 1n this way 1n
a time period O(n2).

Other methods could also be used to determine 1f there 1s a
route without overflow; as 1n the second embodiment, one
solution consists 1 propagating a flag representative of the
connectivity between the current node and the originating
node when applying the Dijkstra algorithm.

The invention applies in this first embodiment, and
refuses the CCBL service to users who have no overtlow
rights. Referring to FI1G. 2, for example, a user at node 1 may
want to call a user at node 4. The shortest path in the private
network, 1n terms of the CCBLCost valuation, 1s a non-zero
distance: 1n fact, because node 1 1s connected to the part of
the private network containing node 4 only via the link
between the nodes 1 and 2, which has no B channel, a call to
a user at node 4 entails an overflow, at least onto the link
between nodes 1 and 2. In this case, as explained above, 11 a
user has no right to an overtlow, a CCBL request granted to
that user might never be satisfied. In this situation the mven-
tion proposes to refuse the CCBL service to the user.

Another embodiment of the invention will now be
described, 1n this embodiment, the mvention proposes to
grant the CCBL service or not as a function of the rights of
the user and the cost of the overtlows needed to route the
call. This embodiment of the invention allocates users rights
that can take more than two values, 1.e. that are no longer
binary.

In this embodiment, the valuation or the cost of the links
having only a signaling channel has a non-zero value which
1s made equal to overtlow cost. In this way not only can the
CCBL service be refused to users who do not have overflow
rights, but also the CCBL service can be provided or not to
users having given rights, as a function of the cost of the call
for which the CCBL service 1s requested. In FIG. 2, the
CCBLCost between nodes 1 and 2 1s 2, which reflects the
cost of the overtlow between these nodes; the overflow can
be via circuit groups 11 and 12; the CCBLCost between
nodes 5 and 6 1s 3, for an overtflow via circuit groups 15 and
16. This example considers the minimum cost that corre-
sponds to overflow via the nearest circuit groups. Depending
on the nature of the public network and the circuit groups,
the mimimum cost can correspond to these overtlows via
circuit groups other than the nearest circuit groups.

In this embodiment, it 1s also possible to allocate a zero
valuation to a link for which an overtlow 1s mandatory. In
this way a zero valuation can be allocated to a link having no
transmission paths, which amounts to authorizing overtlow
to that link independently of the rights of users. This corre-
sponds to a choice of the network admimistrator whether or
not to monitor overflows onto a given link.
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This second embodiment of the invention compares the
rights of a user with the cumulative cost of the overtlows. In
this case, each user 1s allocated rights or monitored costs
representative of the maximum charge that can be mcurred
for overflows. At the time of a request, the CCBL service 1s
granted or refused according to the result of comparing these
rights to the minimum cost of the call for which the CCBL
service 1s required. In a configuration of this kind, the rights

of a user can be defined 1n the following manner:

—1 1f the user has no right to overtlow to the public net-
work:

0 11 the user has a right to overtlow only 11 the links cannot
route calls, 1.e. 1f the links do not have any B channels,
in this example;

n, 1=n=max 1f the user has a right to overtlow(s) to the
public network, to the extent that the cumulative
charges are less than or equal to n, “max” being a
higher value for which there are no limits on the rights
of the user.

In this example of definition of the rights of users, for a
user with “-1" rights the situation 1s as described above with
reference to the first embodiment. A user of this kind cannot
obtain a CCBL service entailing overtlows; this can be the
case for long calls, for example data transfers. This defini-
tion of rights with a value -1 1s used to distinguish users
for whom an overtlow 1s never possible, even for links with-
out transmission paths having a zero valuation.

A user with “0” rights can obtain a CCBL service on a
routing without overtlow or on a routing with overflows onto
links that are not monitored, 1.e. onto links with no transmis-
s1on paths whose valuation 1s zero.

A user with rights n, 1=n=max can obtain the CCBL ser-
vice for a call involving overtlows with a total cost less than
n

The Dijkstra algorithm can again be used in this embodi-
ment of the invention to determine the minimum cost of a
route, 1 order to grant the CCBL service or not. At the same
time 1t 1s possible to determine 1f there 1s a route without
overflow by propagating a flag representative of the connec-
tivity with the source node via the B channels. Then, during
iterations of the Dijkstra algorithm, it 1s possible to use a flag
BchConn(1) representative of the connectivity of the node 1
with the originating node via links with B channels. This
provides a simple way of determining 1f there 1s a route
without overflows.

BchConn(1) 1s imtialized to the value “false” for all 1 dif-
ferent from s. With the same notation as above, consider n a
node and I', its vicinity, the node n being at a given time the
summit of the subgraph S. For any node v in the vicinity, the
algorithm determines whether there 1s a B channel between
the node n and the node v. If there 1s such a channel—which
can be declared on initializing the network—the flag
BchConn(v) 1s updated to the value *“true” 1f the flag
BchConn(n) 1s true. In other words, 1f the node v 1s con-
nected to the node s by B channels, and 1f the link between n
and v also 1includes a B channel, the node b 1s connected to
the node s by n channels.

If the node n 1s not connected to the node s, or 1f there 1s
no B channel between the node n and the node v, the flag of
the node v 1s left at 1ts current value. When the Drijkstra
algorithm calculates a shorter path, this solution determines
the existence of a route without overflows; 1f there are none,

this avoids queuing users having “—1"" rights unnecessarily.
A CCBLCost defined as follows can be used to value the

links. If the link between the node n and the node v has at
least one B channel, the CCBLCost of the link i1s considered

to be zero. It there 1s no B channel between the node n and
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the node v, the algorithm verifies 1f there 1s an overtlow. It so,
the algorithm determines 11 the link between n and v 1s moni-

ored. If not, the CCBLCost 1s zero. In contrast, 11 the link 1s
monitored, then the CCBLCost 1s equal to the overtlow cost.
On the other hand, 1f there 1s no overtflow, the CCBLCost of
the link 1s 1infinite. Thus a CCBLCost 1s defined with the

tollowing values:

0 for links having a B channel, or for links that are not
monitored:

the cost of the overflow for monitored links without B

channels:

infinity for links with no B channels for which overtlow 1s

not possible.

Choosing this cost function enables the overflow cost to
be monitored as a function of the rights ol the user.
Furthermore, the propagation 1n the algorithm of a flag rep-
resentative of the connectivity with the source via B chan-
nels means that the service can be refused to users who have
no right to overtlow.

FIG. 3 1s a flowchart of one embodiment of the invention
for one such type of definition of user rights; the FIG. 3
embodiment considers not only overtlows of the type
described above, but also single overflows to the public net-
work. In the former case, referred to also hereinafter as over-
flows to a “virtual private network”™, the overtlow 1s transpar-
ent for the private network user; the signaling 1s routed via
the private network and the overflow compensates for the

absence or congestion of B channels. In the latter case, the
overflow amounts to supplying the user with only the ser-
vices ol the public network, the services specific to the pri-
vate network being lost.

Step 20 corresponds to a call set-up request by a given
user of the private network. In step 21, the algorithm deter-
mines 1f the call can be routed in the private network without
overflow. It it can, the algorithm moves on to step 22 and the
connection 1s set up via the private network without over-
flows. If not, the algorithm moves on to step 23.

In step 23, routing without overflow 1s 1mpossible; the
status of the link(s) for which an overtlow 1s necessary 1s
determined; 11 a link 1s down, the algorithm moves on to step
24, otherwise 1t moves up to step 25. This step 1s not
mandatory, but i1t has the advantage of enabling different
treatment of calls when a portion of the private network 1s
down.

In step 24, a link 1s known to be down. In this case no
connection providing the services of the private network can
be provided. The algorithm determines 1t a single overtlow 1s
authorized 1n this case of a link being down. This 1 fact
represents a parameter setting of the private network by the
operator. If 1t 1s not authorized, there 1s congestion, the algo-
rithm moves on to step 25, and the CCBL service 1s refused.

I 1t 1s authorized, on the other hand, the algorithm moves
on to step 32. In step 32 the call i1s routed with a single
overflow, 1.e. providing only the services of the public net-
work.

In step 235, 1t 1s known that the overtlow 1s imposed by
congestion of the channels of at least one link; the rights of
the calling user are determined. It the rights of the user are
“~17, 1.e. the user never has the right to an overtlow, the
algorithm moves on to step 26. Otherwise 1t moves on to step
27.

Step 27 determines whether the call can be routed with
one or more overtlows; 11 so, the algorithm moves on to step
28 and 1f not to step 26.

Step 28 compares the routing cost with overtlow to the
rights of the user. If the rights of the user are less than the
cost of routing the call, the algorithm moves on to step 26;
otherwise 1t moves on to step 29.
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In step 29 the call 1s routed with one or more overtlows to
the public network (virtual private network). In this case, 1t 1s
not necessary to provide any CCBL service. As explained
above, the services of the network are supplied and the
overflow(s) are transparent for the user.

In step 26, the situation 1s that one of the links for setting
up the connection 1s congested and an overflow preserving
the services of the private network has not been allowed
because of the limitation of the rights of the user. The algo-
rithm determines 11 the user has the right to a single overtlow
in the case of a busy link. If so, the algorithm moves on to
step 32 1n which the call 1s routed with a single overtlow (see
above).

If not, the algorithm moves on to step 30. It determines 11
the user has a right to the CCBL service. 11 so, 1t moves on to
step 31; 1f not, 1t moves on to step 35. In step 335 there 1s
congestion (see above).

Step 31 determines 1f there 1s a possible route across the
private network using only the links of the private network.
This can simply be done by the shortest path calculation
mentioned with regard to the first embodiment, with a non-
zero valuation for all the links with no transmission paths.
This can also be effected by propagating a flag 1n the shortest
path calculation using the Dijkstra algorithm.

If this 1s the case, the algorithm moves on to step 34 1n
which the CCBL service 1s provided.

I1 not, 1t moves on to step 33. In step 33 it determines 11 the
rights of the user are less than or equal to the total cost of the
minimum routing, 1.e. to the lowest CCBLCost for the
requested connection. Once again, this comparison 1s advan-
tageously effected using the Dijkstra algorithm (see above).

If the rights of the user are less than or equal to the total
cost of the mimimum routing, the algorithm moves on to step
35. There 1s congestion.

I1 the rights of the user are greater than the total cost of the
mimmum routing the algorithm moves on to step 34, in
which the CCBL service 1s provided.

In this way, the CCBL service 1s always refused i1 the user
does not have suilicient rights, which prevents the user from
being queued indefinitely. Accordingly, assuming that the
links are 1n service (no link down 1n step 23):

a user having no overtlow rights preserving the services of
the network or single overtlow rights 1s provided with
the CCBL service only 1f there 1s a possible route across
the private network (steps 25, 26, 30, 31 and 34);

a user having rights to overtlow preserving the services of
the network 1s provided with the CCBL service only i
there 1s a possible route across the private network
whose cost 1s compatible, and less than the user’s rights
(steps 25, 26, 30, 31, 33 and 34).

Note that the FIG. 3 flowchart 1s compatible with the vari-
ous modes of valuation of the overflows mentioned above. A
zero CCBLCost can be given to a link with no B channels, or
not, without this modifying the process described with refer-
ence to FI1G. 3.

FIG. 4 1s a flowchart of another embodiment of the inven-
tion; the FIG. 4 flowchart 1s suited to the first embodiment
mentioned above, where 1t was simply a question of refusing
the CCBL service if the user has no right to it. The FIG. 4
flowchart 1s stmilar to that from FIG. 3, subject to the follow-
ing modifications:

step 28 1s eliminated, and so where appropriate the algo-
rithm goes directly from step 27 to step 29;

step 33 1s eliminated, and so the algorithm goes directly
from step 31 to step 35 1f there 1s no possible route
within the private network.
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The FIG. 4 embodiment merely:

refuses the CCBL service for certain categories of user
having no right to overtlow if there 1s no possible route
in the private network;

grants the CCBL service otherwise, independently of the
cost of the overtlow.

FIGS. 5 and 6 are flowcharts of further embodiments of

the mvention; these figures correspond to situations in which
single overflow 1s not provided.

The FIG. 5 flowchart 1s similar to that from FIG. 3, subject
to the following modifications:

step 24 1s eliminated, and so where applicable the algo-
rithm goes directly from step 23 to step 35;

step 26 1s eliminated, and so the algorithm goes directly
from step 25, 27 or 28 to step 30.
The FIG. 6 tlowchart 1s similar to that from FI1G. 4, subject
to the following modifications:

step 24 1s eliminated, and so where applicable the algo-
rithm goes directly from step 23 to step 35;

step 26 1s eliminated, and so the algorithm does directly
from step 25 or 27 to step 30.

Operation i accordance with the FIGS. 5 and 6 flow-
charts 1s respectively similar to that 1n accordance with the
FIGS. 3 and 4 flowcharts, except that no single overtlow 1s
provided.

All embodiments of the invention can manage the CCBL
service 1n such a way as to avoid indefinitely queuing a user
whose rights are not suificient to enable subsequent routing,
of the call.

Of course, the present mvention 1s not limited to the
embodiments and examples described and shown, but is
open to many variants that will suggest themselves to the
skilled person. It applies to private network types other than
those described above. It also applies to other types of over-
flow than those described in our atorementioned application
entitled “Routing of calls with overtlow 1n a private net-
work™. The terms “overtlow”, “private” and “public” have
been used in the above description; the mmvention applies
equally to overtlow to different public networks, such as the
public switched network, public land mobile networks or
public satellite mobile networks and/or overflows to other
private networks.

In the second embodiment described above, 1t 1s possible
not to define users with “-1” rights; 1n this case, compared to

the description of FIG. 3, no distinction 1s drawn between:

a link with a zero valuation, because i1t has transmission
channels:

a link with a zero valuation although i1t does not have

transmission channels, 1.e. a link that 1s not monitored.

What 1s more, allocating a CCBL cost to the links of the
private network can also be used for other applications.

Finally, the description and the claims mention the Dijk-
stra algorithm. It 1s to be understood that this term covers not
only the version of the shortest path algorithm proposed by
Dijkstra, but also similar versions, and 1n particular the Bell-
man algorithm or the Floyd algorithm. Note that the Bellman
algorithm applies only to graphs without circuits.

There 1s claimed:

1. A method of controlling access to call completion on
busy link (CCBL) service 1n a private telecommunication
network allowing overtlow to another network, wherein 11 a
link of the private network necessary for routing a call 1s
congested, said CCBL service providing automatic callback
when suflicient resources are available to route said call, the
method comprising the steps of:

assigning to each link connecting two nodes of the private
telecommunication network a valuation indicating
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whether an overflow 1s necessary to route a call
between the two nodes;

allocating to users of said private telecommunications net-
work rights to overtlows; determining a total valuation
of links required for routing a call by a user; and

determining whether to provide access to said CCBL ser-
vice to said user for said call based on a comparison
between said rights to overtlows of said user and the
total valuation for routing said call.

2. The method claimed in claim 1, wherein said step of
determining whether to provide access to said CCBL service
includes refusing access to said CCBL service where said
right to overtlows of said user do not allow for overtlows and
said total valuation indicates that said call requires at least
one overtlow.

3. The method claimed in claim 2, wherein said step of
determining the total valuation of links required for routing
the call includes calculating the minmimum number of over-
tlows for a call.

4. The method claimed in claim 3, wherein said step of
determining the total valuation of links required for routing
the call uses a Dijkstra algorithm.

5. The method claimed 1n claim 1, wherein said step of
determining whether to provide access to said CCBL service
includes refusing said CCBL service when said total valua-
tion 1ndicates that said call requires at least one overtlow
onto an unmomitored link to which said user does not have
rights to overtlows.

6. The method claimed 1n claim 5, wherein said step of
determining the total valuation of links required for routing
the call icludes calculating the total valuation of links
entailing the minimum number of overtlows for the call.

7. The method claimed in claim 6, wherein said step of
determining the total valuation of links required for routing
the call uses a Dijkstra algorithm.

8. The method claimed in claim 1, wherein said step of
determining the total valuation of links required for routing
the call includes calculating the total valuation of links for
routing the call which result 1n a minimum total valuation.

9. The method claimed 1n claim 8, wherein said step of
determining the total valuation of links required for routing
the call utilizes a Dijkstra algorithm.

10. The method claimed 1n claim 9, wherein a connectiv-
ity flag 1s propagated during application of the Dijkstra algo-
rithm to determine 11 there 1s a path without overflows.

11. A method of controlling access to call completion on
busy link (CCBL) service in a private telecommunication
network allowing overflow to another network, wherein said

private telecommunication network includes a first node and

a second node, the method comprising:

assigning a first valuation indicative of whether an over-
flow is necessary to route a call by a user between said
first node and said second node;

allocating network rights to overflows to said user;

determining whether to provide access to said CCBL ser-
vice to said user for said call based on said network
rights to overflows of said user and said first valuation.
12. The method claimed in claim 11, wherein said step of
determining whether to provide access to said CCBL service
includes refusing access to said CCBL service when said
network rights to overflows of said user do not allow for
overflows and said first valuation indicates that said call
requirves at least one overflow.
13. The method claimed in claim 12, wherein said step of
assigning said first valuation includes calculating the mini-
mum number of overflows for a call.
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14. The method claimed in claim 13, wherein said step of
assigning said first valuation includes using a Dijkstra algo-
vithm.

13. The method claimed in claim 11, wherein said step of
determining whether to provide access to said CCBL service
includes refusing said CCBL service when said first valua-
tion indicates that said call requires at least one overflow
onto an unmonitored link to which said user does not have
rights to overflows.

16. The method claimed in claim 15, wherein said step of
assigning said first valuation includes calculating a total
valuation of links entailing the minimum number of over-

flows for the call.
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17. The method claimed in claim 16, wherein said step of
assigning said first valuation includes using a Dijkstra algo-
rvithm.

18. The method claimed in claim 11, wherein said step of

assigning said first valuation includes calculating a total
valuation of links for vouting the call which result in a mini-
mum total valuation.

19. The method claimed in claim 18, wherein said step of

assigning said first valuation includes using a Dijkstra algo-
vithm.

20. The method claimed in claim 19, wherein a connectiv-
ity flag is propagated during application of the Dijkstra
algorithm to determine if there is a path without overflows.
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