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TELECOMMUNICATIONS CALL MANAGEMENT SYSTEM

FIELD OF THE INVENTION
The present invention relates to telecommunications and more specifically, to a call
management system for providing least cost routing, associated call accounting and carrier
performance monitoring for telephone systems that are connected to analog telephone lines

or trunk lines.

BACKGROUND OF THE INVENTION

The United States is divided into a plurality of contiguous, non-overlapping
exchanges, referred to as Local Access Transport Areas (LATAS), each of which is served
by a local telephone company. Telephone calls originating and terminating within the
same exchange, referred to as intraLATA calls, are handled end-to-end by a local,
intralLATA, telephone company referred to as the Local Exchange Carrier (LEC). Calis
originating within one exchange or in a state or foreign country and terminating in a
different exchange, potentially in a different state or foreign country, referred to as inter-
exchange calls, are handled at each end by the intraLATA company or LEC that services
the originating and the terminating exchanges. These inter-exchange calls are carried
between the intraLATA companies by one or more inter-exchange carriers, known as long
distance carriers.

A caller who wishes to select an inter-exchange carrier other than the default
primary inter-exchange carrier (PIC) must dial special access codes that are assigned to
each inter-exchange carrier and once connected, must sometimes also dial a personal
identification code and the number of the called party to have the call completed. With the
proliferation of inter-exchange carriers, carrier selection is often difficult for a telephone
communication system user. The user may be unaware of which inter-exchange carrier,
available in his/her area, is the most economical for a particular time of day, which inter-
exchange carrier serves the user's telephone communication system or what access codes

are appropriate for the particular inter-exchange carriers available to the user’s telephone

communication system.
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During the last few years, the competition between telephone companies (also
known as operating companies, service providers or carriers) for the telephone subscriber
business has increased markedly. This competition is most evident in the multiplicity of
tariffs from each carrier, which vary not only between destinations but also according to
the nature of the contract signed between the subscriber and the telephone company, the
time of day, the length of call and other numerous parameters. In addition, competition
exists between intra-exchange service providers.

Though this competition gives the customer an opportunity for saving money, the
customer rarely fully benefits because of the complexity and the variety of existing tariffs.
For example, tariffs may vary due to the time of day, on weekends, holidays, according to
the call destination, distance, method of payment and any time limited promotions. The
situation may be further complicated by special limited discounts or other incentives
offered by the telephone companies, the entry of new telephone companies to new markets
and the grade of service requested (i.e.,, voice quality, connection delays and first time
connection establishment success).

The entry of new money saving services, such as Fax Store and Forward and call-
back services, the availability of alternate services offered by private networks using their
own PBX and the usage of corporate networks are additional factors affecting the cost of
the call. Consequently, the customer has to contend with a huge amount of information in
order to determine how to make the least expensive telephone call. Because of the
complexity of the charging schemes, a cost optimization on a per call basis is nearly
impossible for a subscriber to perform by themselves.

Call management systems are applications suitable not just for large businesses
with high call volumes but are also suitable for small office/home office (SOHO) as well.
The bewildering array of service providers available and the existence of a complicated
tariff structure combine to create a need for a system to manage the placement of telephone
calls for SOHQ applications.

U.S. Patent No. 4,791,665 to Bogart et al. describes a telephone communication
system (PBX) with the capability of automatically selecting one of a plurality of inter-
exchange carriers. The system includes a database containing access code data associated

with the inter-exchange carriers, user authorization codes and information about the

various inter-exchange carrier billing rates based on time of day and destination. The PBX
2
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scans the database and reroutes the originating call to one of the other inter-exchange
carriers having a cheaper tariff for the particular destination at the specific time of day.
The PBX sends out the inter-exchange carrier access code, the user’s personal
identification code and the called party number dialed by the user to complete the call.

U.S. Patent No. 5,425,084 to Brinskele describes a computer controlled telephone
communication system which includes a plurality of digital switches each located in
different charge zones. Each digital switch is coupled to a file server which determines
which of the digital switches to use in order to ensure the lowest possible cost for the call.

U.S. Patent No. 5,420,914 to Blumhardt describes a real time selection of one of a
plurality of inter-exchange carriers which automatically selects the carrier having the least
expensive toll at the time the call is made and reroutes the call accordingly. Blumhardt is
used in conjunction with an advanced intelligent network (AIN) in a public switched
telephone network (PSTN).

U.S. Patent No. 5,425,083, issued to Weinberger et al., teaches a device that
interconnects with the telephone line coming from a first phone and routes telephone calls
along a least cost route originating from the first telephone to a second telephone via the
network. A database stores billing rate parameters for determining various
communications paths of different carriers based on parameters such as the time and date
of the call.

U.S. Patent No. 5,519,769, issued to Weinberger et al., teaches a system for
updating a database which stores bilting rate parameters for call rating devices associated
with a calling station, At predetermined times the calling station calls a rate provider
which provides billing rate data parameters for a plurality of calling stations.

U.S. Patent No. 5,473,630, issued to Penzias et al,, teaches a method of accessing
long distance rate information available in a database provided by inter-change carriers.
PBXs and telephone central offices access that rate information using ISDN and/or SS7
signaling and use it as a basis for determining which carrier to use at any given time in the
routing of a call.

In prior art call management systems, updating the tariff database is very

complicated since the interface to do so is cumbersome and a huge amount of complex data

is involved. Therefore, the operators of the call management system rarely update their
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tariff databases. As a result, the routing decision taken may not necessarily be the

optimum route for the call, at that time.
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SUMMARY OF THE INVENTION

It is an object of the present invention to substantially overcome, or at least
ameliorate, one or more of the deficiencies of the prior art.

According to one aspect of the present invention there is provided a least cost
routing device for determining and establishing an optimum route for a telephone call
made by a user, said least cost routing device connected to at least one telephone line,
said device comprising:

interception means for intercepting digits dialed by the user;

a storage unit for storing tariff and telephone call related information;

a telephone dialing unit for dialing digits onto the telephone line;

a least cost router for determining said optimum route for the telephone

call utilizing said tariff and telephone call related information and expected call
cost, said least cost router operative to generate a dialing prefix corresponding to the
carrier selected for said optimum route and too append said dialing prefix to said digits
dialed by the user; and

wherein said telephone dialing unit is operative to dial said combination of
dialing prefix and said digits dialed by the user onto the telephone line,

According to another aspect of the present invention there is provided a
personal computer based least cost routing device for determining and establishing an
optimum route for a telephone call by a user, said least cost routing device connected to
at least one telephone line, said device comprising:

a user interface device for inputting from the user, the digits making up the
telephone call to be made;

a storage unit for storing tariff and telephone call related information;

a telephone dialing unit for dialing digits onto the telephone line;

a least cost router for determining said optimum route for the telephone call

utilizing said tariff and telephone call related information and expected call cost, said

least cost router operative to generate a dialing prefix corresponding to the carrier

[N:\LIBpp]|00896:JJP
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selected for said optimum route and to append said dialing prefix to said digits dialed
by the user; and

wherein said dialing unit is operative to dial said combination of dialing prefix
and said digits dialed by the user onto the telephone line.

5 According to still another aspect of the present invention there is provided a
private branch exchange (PBX) based least cost router apparatus for determining and
establishing an optimum route for a telephone call made by users of a PBX, said PBX
connected to at least one telephone line, said apparatus comprising:

input means for receiving digits dialed by the user and intercepted by the PBX;
10 a storage unit for storing tariff and telephone call related information;
at least cost router for determining said optimum route for the telephone call
utilizing said tariff and telephone call related information and expected call cost, said
least cost router operative to generate a dialing prefix corresponding to the carrier
¢ . selected for said optimum route and to append said dialing prefix to said digits dialed

HRLRT: by the user; and

e said least cost router operative to send said combination of dialing prefix and
. .- said digits dialed by the user to the PBX for dialing onto the telephone line.
teve *

According to still another aspect of the present invention there is provided a
method for determining and establishing an optimum route for a telephone call made by

,+*=+ 20 auser over at least one telephone line, said method comprising the steps of:

LTS storing tariff and telephone call related information within a database;

.:'" ) obtaining from the user, the digits making up the telephone call to be made;

G determining said optimum route for the telephone call utilizing said tariff and
telephone call related information and expected call cost;

: .:.. ¢ 25 generating a dialing prefix corresponding to the carrier selected for said

e optimum route;
appending said dialing prefix to said digits dialed by the user; and
dialing said combination of dialing prefix and said digits dialed by the user

onto the telephone line.

IN:\LIBpplOO89E:JIP
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According to still another aspect of the present invention there is provided a
call management system for determining an optimum route for a telephone call made by
a subscriber, said telephone call routed through one of N local exchange carriers
coupled to said system via K telephone lines, each local exchange carrier coupled to
one of M long distance carriers, the system comprising:

a tariff data server for managing a database containing tariff related
information on local and long distance carriers, local exchange, telephone exchange
location related data and subscribers;

a first communication link coupling said tariff data server to a local client
computer;

said local client computer for maintaining a client database containing tariff
information relevant to the location of said subscriber, optional calling plans subscribed
to or optional calling plans accessible from the location of said subscriber, said local
client computer for determining said optimum route;

at least one line unit coupled to a telephone set, said N local exchange carriers
and said local client computer, said at least one line unit for intercepting digits dialed
by said subscriber, monitoring one of said K telephone lines, receiving a dialing string
from said local client computer corresponding to said optimum route and transmitting
said dialing string onto said one of said K telephone lines; and

a second communication link coupling said local client computer to said at
least one line unit.

According to still another aspect of the present invention there is provided a
call management system for determining an optimum route for telephone calls made by
users of a private branch exchange (PBX), each of said telephone calls routed through
one of N local exchange carriers coupled to said system via K trunk lines, each local
exchange carrier coupled to one of M long distance carriers, the system comprising:

a tariff data server for managing a database coniining tariff related

information on local and long distance carriers;

INALIBPRIO0BIG:JIP
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a first communication link coupling said tariff data server to a local client
computer,
said local client computer for maintaining a client database containing tariff
information relevant to the location of said subscriber, optional calling plans subscribed
5 (o or optional calling plans accessible from the location of said subscriber, said Iocal
client computer for determining said optimum route;
at least one line unit coupled between a user's telephone set and one of said K
trunk lines, said at least one line unit coupled to said local client computer, said at least
one line unit for intercepting digits outpulsed by said PBX, monitoring said one of said
10 K trunk lines and receiving a dialing string from said local client computer
corresponding to said optimum route and transmitting said dialing string to said one of
said K trunk lines; and
a second communication link coupling said local client computer to said at

* . least one line ynit.

(The next page is page 13)
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
accompanying drawings, wherein:

Fig. 1 is block diagram illustrating the call management system constructed and
operative in accordance with a preferred embodiment of the present invention;

Fig. 2 is a block diagram illustrating the relation of the data server to a plurality of
telephone dialing units of the preferred embodiment of the present invention;

Fig. 3 is a flow chart illustrating a method of real time call routing using the call
management system of the present invention;

Fig. 4 is a detailed flow chart illustrating the step of processing the dialing
information,;

Fig. 5 is a flow chart illustrating the process of updating the storage unit;

Fig. 6 is a high level block diagram illustrating an example of a call management
system built in accordance with a preferred embodiment of the present invention and
utilizing a generic communications link;

Fig. 7 is a high level block diagram illustrating an example of a call management
system built in accordance with a preferred embodiment of the present invention and
utilizing the Internet as the communications link;

Fig. § is a high level block diagram illustrating an example of a call management
system coupled to a PBX and built in accordance with a preferred embodiment of the
present invention;

Fig. 9 is a detailed block diagram illustrating the tariff data server portion of the
present invention;

Fig. 10 is a detailed block diagram illustrating the server database portion of the
tariff data server;

Fig. 11 is a detailed block diagram illustrating the local client computer of the
present invention;

Fig. 12 is a detailed block diagram illustrating the line unit of the present invention;

Fig. 13 is a flow chart illustrating a method of real time call routing using the call

management system of the present invention;

13
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Fig. 14 is a block diagram illustrating the call management system constructed and
operative in accordance with a preferred embodiment of the present invention coupled to a
telephone and a computer;

Fig. 15 is a block diagram illustrating the call management system constructed and
operative in accordance with a preferred embodiment of the present invention coupled to a
private branch exchange (PBX) system;

Fig. 16 is a block diagram illustrating the calt management system constructed and
operative in accordance with a preferred embodiment of the present invention wherein the
line units are coupled directly to the communication network;

Fig. 17 is a block diagram illustrating the call management system constructed and
operative in accordance with a preferred embodiment of the present invention wherein the
local computer is eliminated and the line units communicate with the data server through
the communication network;

Fig. 18 is a detailed block diagram illustrating the local client computer of the
present invention;

Fig. 19 is a detailed block diagram illustrating the line unit of the present invention;

Fig. 20 is a diagram illustrating the rate step zones centered around an arbitrary
geographic location;

Fig. 21 is a flow chart illustrating a method of real time cal] routing using the call

management system of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Reference is made to Figure 1, which is a block diagram illustrating the call
management system constructed and operative in accordance with a preferred embodiment
of the present invention. Figure 1 illustrates a simplified version of a telephone
communication system, generally designated 10, comprising a single telephone dialing unit
12 in communication with a central switching office (CO) 14 of one of a plurality of
telephone service providers. Telephone dialing unit 12 can also communicate with other
central switching offices 14 as desired.

The call management system comprises a data server, generally designated 20,
which comprises a database 22. The information in database 22 is updated by a data server
operator whenever a change is made in any of the published rates of a telephone service
provider, such as a local exchange carrier (LEC) or long distance carrier The updated
information is converted into a suitable format for onward transmission and communicated,
by data server 20, to telephone dialing unit 12.

The information stored in database 22 includes, inter alia, all available tariff data
from the multiplicity of service providers, both inter and intra-exchange carriers,
international and others, serving the telephone communication system 10. IntraLATA
carriers or LECs are carriers operating within a single Local Area Transport Area (LATA).
Calls within the LATA can be either local calls served by the LEC or intralLATA calls
served by other carriers as well. If the dialing system operates with more than one central
switching office, the following is also stored: tariffs for the different central switching
offices, local exchange coordinates, enabling the calculation of exchange distances, carrier
availability, access code per exchange and a list of all the exchanges constituting a local
call for each exchange. The information may be stored in any convenient format, known in
the art, such as a look-up table or a database.

Data server 20 further comprises a central processing unit (CPU) 24 and
communication means such as a modem 26 or other similar apparatus for communicating
via telephone lines (e.g., dedicated T1, ISDN, broadband communications, etc.) or via any
suitable data communication network (e.g., the Internet). Central processing unit 24,
which may be any commercially available processor, controls the operation of data server

20. Modem 26 is used to transfer updated data directly to dialing unit 12, Alternatively,
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modem 26 can transfer updated data to a third party, such as an electronic mail (e-mail)
address from where it may be collected by dialing unit 12 or by an operator.

Telephone dialing unit 12 comprises a dialing unit, such as a tone or pulse
telephone dialer, a modem or an ISDN dialing unit, and also comprises a storage unit 30
and a router (or route selector) 32. Storage unit 30 is any storage medium, known in the
art, which can be used, inter alia, for storing the provider and tariff information received
from data server 20. Storage unit 30 may also be used to store any other relevant data,
such as subscribed to carriers, special negotiated discounts, promotions, call statistics data
and call accounting data, which may be needed by the router to calculate the optimum least
cost route (LCR) for telephone calls. Router 32 can be any routing unit, known in the art,
which recognizes the dialing information input by the call originator and, in accordance
with pre-defined parameters, calculates the LCR and consequently reroutes the call.
Router 32 can also include routing features as described hereinbelow.

Whenever telephone user (or subscriber) 18 originates a call, router 32 intercepts
the digits of the dialed number and processes the calling information. Note that the
telephone call may not only be generated by a human but also by a machine. Thus, the
‘user’ may be a human or a machine. Router 32 then accesses storage unit 30, calculates
the least cost routing (LCR) data to ascertain the optimum route for the call, adds any
necessary access and authorization codes, and then passes the resulting route selection data
to dialing unit 12. Dialing unit 12 then initiates the call to CO 14 which routes the call in
accordance with the route selection data signals sent by dialing unit 12. If there is more
than one CO, dialing unit 12 also physically switches the connection to the selected CO 14.

In order for telephone user 18 to obtain the maximum benefit from the plurality of
constantly changing tariff rates, it is necessary to maintain an accurate and updated
database in storage unit 30. Whenever a change in any of the tariffs is made by any of the
providers or central switching offices, the information stored in database 22 is updated by
the data server opetator. An updated file is then sent by modem 26 to storage unit 30,
either directly or preferably via e-mail or the Internet. Alternatively, a diskette containing
the updated information can be loaded directly by the telephone user 18 into the storage
unit 30, as is known in the art.

Reference is now made to Figure 2 which is a block diagram illustrating the relation

of data server 20 to a plurality of telephone dialing units 102. For simplicity, each
16
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telephone dialing unit 122 is shown communicating with only one CO 14. Embodiments
having similar elements have similar reference numerals throughout.

In a first embodiment, telephone dialing unit 102 comprises a computer, such as a
personal computer (PC) 104 connected to a modem 106. PC 104 and modem 106 are of
types commercially available. PC 104 comprises a central processing unit (CPU) 108
which controls the operation of the PC 104 and optionally a built-in dialer 110, Modem
106 is used to receive data from data server 20 (double line 112) and to connect dialing
unit 102 to CO 14 (double line 114). Modem 106 maybe a dial-up modem which can
alternatively be used to directly dial CO 14, without the need for a separate dialer. PC 104
further comprises the storage unit 30 and router 32, described hereinabove. Built-in dialer
110 is, for example, any commercially available computer based communications program
incorporating dialing facilities.

To make a call, user 18 utilizes a user interface, such as a keyboard, a mouse, etc.,
to initiate the call and dial the number. Router 32 intercepts the digits of the dialed
number, processes the calling information and accesses storage unit 30, processes the LCR
data and selects the optimum route for the call. The call is then dialed by modem 106 in
accordance with the optimum routing information ascertained and correspondingly
rerouted via CO 14.

In a second embodiment, telephone dialing unit 102, which is similar to the first
embodiment, described hereinabove, is also connected to a telephone communications
system serving a plurality of stations, such as a Centrex (or CTX) or private branch
exchange (PBX) 120, having a plurality of telephones 122 connected thereto. The PBX
120 does not have any least cost routing capabilities,

In this embodiment, the caller may initiate the call by using the built-in dialer 110
to dial the number, as described hereinabove with respect to the first embodiment. In this
case, the call is dialed out via the PBX 120 (double line 124). Persons who are not
connected to a PC having the relevant LCR data may dial out via the PBX 120 (double line
124).

In a further embodiment, PBX 120 is connected directly to PC 104. The PBX 120
can be configured to intercept dialing by telephones 122 and access the storage unit 30 and

router 32 of PC 104 to extract the optimum LCR information and reroute the calls.

17
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Whenever the PBX 120, which is connected to PC 104, receives a call, the PBX
120 accesses the storage unit 30 containing the LCR data. Router 32 processes the call
data and selects the optimum route for the call and then PBX 120 dials this optimum route.

It will be appreciated that the router 32 can be implemented as part of the telephone
dialing unit 102, as part of the PBX 120 or between the PBX 120 and the central switching
office 14. No matter where the router 32 is implemented, it provides routing for the call
initiated by the telephone 122. If the PBX 120 has routing abilities, and the router 32
operates after the PBX 120, the router 32 can change the routing decisions of the PBX 120.
This is especially useful if the router of the PBX 120 has a difficult interface and therefore,
is not updated often. The user will still receive the least cost route since the router 32 is
updated frequently by data server 20.

Data server 20 can communicate with any or all of the systems described
hereinabove. Whenever it has update tariff information, it sends the updated information
to all of the systems with which it communicates. The data server 20 can also update the
tariff information within a prior art router by emulating the operator interface which has to
enter the tariff information.

It will be appreciated that the router 32 can also be operated in conjunction with a
cellular or wireless telephone. As in the previous embodiments, router 32 can be
embedded in such cellular or wireless telephones or it can be formed as a separate unit.

Finally, it is noted that, in accordance with the present invention, the telephone
service providers with which the router 32 operates can be any type of service provider,
including but not limited to: inter-exchange carriers, intra-exchange carriers, international,
fax-store-and-forward providers, cali-back service providers, local central switching offices
and private networks. For fax-store-and-forward providers and call-back service providers,
the router 32 or some other portion of the dialing system manages the protocol by which
such providers operate.

Reference is now made to Figures 3 and 4. Figure 3 is a flow chart iflustrating a
method of real time optimum routing of a telephone call, using the call management
system of the present invention. Figure 4 is a detailed flow chart illustrating the step of
processing the dialing information.

When a call is initiated, router 32 intercepts the call (step 130) and processes the

dialing information (step 132). The router then processes the dialing information, as
18
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described hereinbelow, and calculates, from all the relevant calling and provider charging
and subscriber data, which provider is preferred in order to obtain the least cost route (step
134). Having selected the provider, any necessary access and authorization codes are
added to the dialing parameters (step 136) and the call re-dialed using the adjusted
parameters (step 138).

The step of processing the dialing information is detailed in Figure 4. The call
parameters, such as date and time of the call together with the originating and destination
numbers, are identified (step 140). Storage unit 30 containing the LCR data is accessed
and scanned to retrieve charging data for the particular calling parameters identified in
accordance with the distance and the call type (i.e., jurisdiction). The basic cost of the
desired call is then determined (step 142),

Storage unit 30 is also scanned to ascertain whether the call initiator is entitled to
any special negotiated discounts from one or more providers, and if relevant, the data is
retrieved and the relevant discount is applied (step 144). The result is a first value for the
cost of the call, per minute.

Optionally, a check can be made to determine whether call accounting data, as is
known in the art, is available and if so the relevant data is retrieved (step 146). This data
provides a history of the calls made with a particular service provider and is utilized, for
example, to determine (step 148) whether or not a volume discount currently applies or
whether it is useful to utilize a certain service provider in order to achieve the volume
discount. A volume discount cost is produced.

From the call history, statistics of previous call durations can be made. For
example, the statistics can be of the call duration per destination phone number, per
distance away from the originating phone number or any other statistic. From these
statistics, it can be determined if the call is expecied to be short or long, in which case, the
tariff of one service provider may be better than that of another for the expected length of
the call. In addition, a call distribution profile is maintained based on past calling history.
The call distribution data and its effect on cal] pricing are used in estimating the cost of the
call. For example, an average call of 1.5 minutes would be cheaper using a more expensive
carrier that bills using 6 sec/6 sec billing rather than a less expensive carrier that bills using

60 sec/60 sec billing. A user making many short duration calls, for example 10-15
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seconds, would prefer 6 sec/6 sec billing over 60 sec/60 sec billing. An expected cost of
the call is produced (step 150).

The above steps are repeated (step 152) for all service providers and the optimum
service provider (i.c.,, the one which provides the lowest cost) is selected (step 154). In
addition, the information regarding the call (origin, destination, selected provider, and
length of call) are stored in the database for later call history use.

Reference is now made to Figure 5 which is a flow chart diagram illustrating the
process of updating storage unit 30 belonging to telephone user 18.

Whenever data server 20 receives notification of a change from one of the
telephone service providers or a regulatory body (e.g., changes in the dialing plan of the
United States such as new area codes) (step 202), database 22 is revised (step 204). A
package containing the updated LCR information is prepared (step 206), for example in the
form of a data file. Data server 20 then posts the updated LCR package 1o an accessible
medium (step 208), shown by dashed lines, and notifies telephone user 18, by any suitable
means, that an updated file is available for downloading or collection (step 210).

The accessible medium to which the LCR package may be posted include, for
example, any suitable forum accessible by modem. For example, the files can be made
available by data server 20 to subscribers 18 through a bulletin board (step 212), via file
transfer using a file transfer protocol (FTP) (step 214) or world wide web (WWW) (step
216), or similar, such as are available today through the Internet. The updated package can
also be downloaded by data server 20 to the user’s e-mail address (218) or copied to a
diskette and mailed to the user (220).

To update the routing data stored in storage unit 20, user 18 can retrieve (or upload)
the updated file, via his modem 106, from one of the sites (described hereinabove) to
which it has been downloaded by data server 20. The updated data is then stored in storage
unit 30,

In a preferred embodiment, the tariff rate database, the least cost routing process
and the telephone line interface circuitry are implemented as a distributed system of
interconnected components. A high level block diagram of an example of a call
management system constructed in accordance with a preferred embodiment of the present

invention is illustrated in Figure 6. The call management system, generally referred to by

reference numeral 250, comprises a tariff data server 252, a local client computer 254 and
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one or more line units 258. System 250 interfaces to analog lines and/or trunks such as
those commonly used with residential or small or medium office PBX telephone systerns.
Tariff data server 252 holds tariff and subscriber related data. The tariff information
includes data on different carriers including both local and long distance telephone
companies. The tariff data covers different tariff schemes available from each telephone
company at each locality and comprises exchange location data for distance dependent
tariffs, carrier availability and access codes and the exchanges constituting local calling
areas. The tariff data is downloaded to local client computer 254 either periodically or
according to another schedule such as upon a modification to a tariff schedule. Tariff data
server 252 is coupled to local client computer 254 by a communications link. The
communications link may include any suitable type of link (e.g., the Internet) such as a pair
of modems over an ordinary telephone line, leased or private line, etc.

Any number of line units 258, labeled 1 through N in Figure 6, are installed
between a telephone set 256 and the public telephone network. In addition to telephone set
256, line units 258 may be coupled 1o one or more personal computers 257 with telephone
dialing capabilities (i.c.,, attached fax/modem cards). The public telephone network is
represented by Local Exchange Carriers (LECs) 260, 262. Each LEC, in turn, is coupled to
one or more long distance carriers 264 labeled 1 through M. Long distance telephone calls
made by a subscriber are placed by one of N long distance carriers 264. Line unit 258
communicates with local client computer via a communications link. The communications
link may be wired or wireless (ie, RF, infrared, etc) and is a bi-directional
communications channel. When a call is placed, one of the line units 258 intercepts digits
dialed by the subscriber through coupled telephone set 256 and routes them to local client
computer 254. Local client computer 254 computes the least cost route using various
parameters and translates the dialed number into a series of digits that will route the call to
the least cost carrier. The translated dialing string is sent to the line unit 258 which
actually dials the number. In a preferred embodiment, each line unit 258 is able to connect
to any number of N LECs. When more than one LEC is available, local client computer
254 calculates the least cost LEC, in addition to the least cost long distance carrier, and
instructs line unit 258 to steer the call to that LEC.

Local client computer 254 controls the determination of the telephone dialing string

corresponding to the optimumn LEC and long distance carrier. Local client computer 254, a
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personal computer (PC) or other suitable computing means, accumulates the outgoing call
data (i.e.,, destination, time, duration, eté.) The collected data serves as the basis for call
accounting, call statistics, volume discount, call progress and call savings reports. Note
that in the case of a PBX, the call data may be reported via a channel within the PBX rather
than the line unit.

Local client computer 254 is typically coupled to more than one line unit 258.
Preferably a line unit is coupled to every telephone set in the system. This provides
maximum savings by intercepting each call and determining the optimum carrier to place
the call through. Each line unit is coupled to focal client computer 254 via a wired or
wireless communications link. Local client computer 254, in addition to line unit 258 and
tariff data server 252, are described in more detail below.

In a preferred embodiment, shown in Figure 7, system 250 utilizes the Internet 266
for the communication link between tariff data server 252 and local client computer 254.
System 250 incorporates use of the various standard applications available on the Internet
including, but not limited to, electronic mail (SMTP), file transfer protocol (FTP), gopher
and the world wide web (WWW). In addition, local client computer 254 is coupled to one
or more line units 258 via a wireless link (i.e.,, RF, infrared, etc.).

In a preferred embodiment, shown in Figure 8, system 250 is adapted to perform
call management for users of a small PBX 266, Referring to Figure 8, tariff rate server 252
is coupled, via a communication link, to local client computer 254. A line unit 258 is
associated with each trunk in the PBX system. Each line unit is coupled to local client
computer 254 via cither a wired or wireless communication link. Each line unit is also
coupled to one or more LECs 260, which in turn place long distance calls through one or
more long distance carriers 264.

The tariff data server 252 will now be described in more detail, A detailed block
diagram of the tariff database server is illustrated in Figure 9. Tariff database server 252
comprises a processor 288, a server database interface 286, a server database 282, a client
communication module 290, a billing system 292, a Teport generation system 294 and a
subscription interface module 296. As discussed previously, the function of tariff data
server 252 is to provide each subscriber with current tariff schedule data to allow the least

cost routing module in local client computer 254 (Figure 6) to determine the least cost

route in an accurate manner, reflecting up to date tariff information. The server updates a
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client database maintained on the local client computer only with tariff data relevant to the
subscribers location and which may be based on subscriber provided information.
Subscriber location is stored according to the numbering plan area (NPA) and the local
exchange (NXX).

The tariff data server communicates with the local client computer, located in the
client portion of call management system 250, via a communications link, Processor 288
controls client communications module 290, which handles all communications between
the tariff data server and the local client computer. Call management system includes an
update mechanism to allow a client database to reflect ongoing changes to tariff schedules
and carrier’s optional calling plans (OCPs). Server communications can take place via any
suitable means, such as electronic mail (e-mail) or FTP. A subscriber can choose to
Teceive updates in any one of the following ways: per tariff change or periodically. In both
cases, either the entire database can be downloaded or only the relevant database
transactions need be sent. In addition, the subseriber or client can initiate a database
transmission. Either a complete database download or only a portion of it can be sent via
e-mail to the subscriber. The local client computer then extracts from the e-mail message
the relevant data and updates its client database.

In accordance with a further aspect of the present invention, the call accounting
information accumulated by the local computer can be uploaded to the data server and
analyzed further. Based on this analysis, the data server suggest means for further reducing
the telecommunication charges for the subscriber. Example recommendations include
changing OCP, subscribing to an additional carrier, getting a direct access number, etc.

Billing system 292, coupled to processor 288, functions to maintain subscriber
information needed for billing purposes, if system services are sold on a monthly basis, and
to track and update invoices, bills, payments, etc. for all subscribers. Report system 294
functions to generate various types of reports for system 250. Reports that pertain to
subscriber information, OCP reports and carrier reports are an example of the types of
reports available. Subscriber interface 296 receives and processes registration forms
containing subscriber data. The data is received either via e-mail, fax, regular mail, etc.
and the data processed and entered into attached server database 282.

Server database interface 286 couples processor 288 to server database 282. Server

database interface 286 handles all database requests from processor and is responsible for
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the maintenance of server database 282. A more detailed diagram of server database 282,
showing the individual databases it comprises, is illustrated in Figure 10. Server database
282 comprises an OCP database 300, distance/local exchange database 302, an access
database 304, a subscriber database 306 and a client database 308. For all databases
comprising the server database, server database interface 286 serves as the interface for
database requests from processor 288.

With reference to Figure 10, OCP database 300 contains data on local long distance
toll OCPs supported by call management system 250 and covers the following
jurisdictions: local intralL AT A/intrastate; intraLAT A/interstate; interLAT A/intrastate;
interstate; international (i.e.,, Canada, Mexico, Hawaii, Puerto Rico); local and overseas.
In a preferred embodiment, OCP database 300 includes the following parameters: OCP
name, OCP code, carrier code, jurisdiction type, OCP locality, billing method (ie.,
mileage, NPA bands, flat rate, etc.), rate data, time of day dependence, day of year
dependence, call billing parameters (i.e.,, initial period rate, overtime period rate), rate
period specific (RPS) flag, volume discounts, tapering, discounted countries (i.e.,, discount
percentage - MCI’s ‘friends and family’ OCP), discounted NPAs (i.e.,, MCI’s “friends and
family’), discounted telephone numbers (i.e.,, MCI's ‘friends and family’), prepaid period
option, period commitment discount, volume commitment, carrier identity, promotions,
optional OCP to be concatenated with (i.e., combineability with volume generated via
other types of calls such as other OCPs or 1-800 calls) and validity period.

Distance/local exchange database 302 contains the geographic coordinates (i.e.,
vertical and horizontal (V & H) data) of all NPA/NXXs. This data enables the calculation
of the distances between the calling location and the called destination designated by the
NPA/NXX for the purposes of determining if the call is ;x local or long distance call and to
calculate the rate for a long distance call,

Access database 304 contains the following information on a per OCP and
geographic basis: availability data, jurisdiction and access method. Availability data
includes whether the OCP is available only as a primary long distance carrier, available
upon registration as a secondary long distance carrier, available as a casual call (i.e., gypsy)
or not available. The access method for each OCP in each NPA may include 10-XXX, 1-
950-7D-User Authorization Code (UAC), 1-800-7D-UAC, 1-888-7D-UAC (7D is

equivalent to 7 dialed digits).
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Subscriber database 306 contains subscriber data, received from the subscriber, and
includes the following: subscriber telephone numbers, subscriber’s main billing account,
subscriber userID, license size (i.c., the number of line units), organization, subscriber
contractual OCPs, e-mail address, account number, registration data, last month paid,
subscriber name, telephone number, fax number, address, primary carrier including OCP
and start date, secondary carriers and related OCPs, associated start dates, subscriber long
distance initial volume and monthly volume of credit card calls and 1-800 lines to be
summed for volume discount -calculation purposes.  Means are provided to
add/delete/modify subscriber registration data, OCP data and carrier data.

Client database 308 is dynamically derived for each group of subscribers with a
common NPA/NXX or for a specific subscriber for their specific region and related data, in
accordance with the particular arrangement with the subscriber. The client database
provides the necessary data for downloading full or partial databases to subscribers or
clients. The data contained in the client database is derived from the other databases and
includes information relevant only for that subscriber. The client database includes: a list
of all accessible OCPs, the rate step ( mileage rings for rate calculation), validity date key
and a list of exchanges a call to which is considered a local call. Accessible OCPs are
defined as the primary long distance carrier OCP to which the subscriber is registered,
other OCPs to which the subscriber registered other than through their primary long
distance carrier and all OCPs available at the subscriber location via a casual call (i.e.,
gypsy) for all other carriers, The rate step comprises three parts: a list of all NPA/NXX to
a local call, detailed rate steps for exchanges requiring both NPA and NXX to determine
rate step and non-designated NPAs for those NPAs for which the entire NPA is included in
one rate step. The validity date key is the latest data for which the client’s database is
valid.

Local client computer 254 (Figure 6) will now be described in more detail. A
detailed block diagram of the local client computer is illustrated in Figure 11. Local client
computer 254 comprises a processor 272 coupled to a least cost router 274, a user interface
module 276, a client database interface 278, a call accounting module 332, a reporting
module 334, a carrier quality and performance monitor 330, a line unit interface 284 and a

client database updater 270. The local client computer functions to route a subscriber

originated call via the optimum carrie/LEC combination. The optimum route is

25




15

20

25

30

WO 97/05749 PCT/IL96/00056
determined by calculating the expected call price of a call of average duration via all
possible OCPs while considering parameters such as performance and quality and then
choosing the carrier associated with the optimum call route.

With reference to Figure 11, client database updater module 270 provides the
interface between processor 272 and tariff data server 252, Client database updater 270
receives partial or full database downloads from tariff data server 252 via a suitable method
(i.e., e-mail or FTP), decodes the message and updates a client database 280 via client
database interface 278. Any commercially available Internet application software package
may be used to provide e-mail and FTP functionality. The client database comprises data
derived from any or all of the following sources: data downloaded from the tariff data
server, data entered by the subscriber or data collected locally.

The data downloaded from the tariff data server has been previously described.
The data entered by the subscriber comprises, but is not limited to, the subscriber's name,
subscriber’s telephone number, main account number, primary carrier and OCP, secondary
carriers and OCPs, number of trunks or telephone lines, telephone numbers 1 through N
including central office (CO) lines or PBX trunks/extensions and the corresponding PBX
access code (if needed) for each telephone number, number of line units installed at the
site, line unit ID number for line units 1 through K, ignored prefix numbers, preferred
country if OCP selected, preferred NPA if QCP selected, preferred destination if QCP
selected, initial long distance call volume, 1-800 normal volume, credit card normal call
volume, long distance companies prohibited from being used by subscriber, length of log
file and whether on-line display is required. The data collected locally is accumulated via
call accounting module 332. Call accounting module 332 functions as a set of meters and
provides data necessary for least cost router 274. The meters provide monthly accumulated
cost per OCP and, on a per jurisdiction basis, average call length, and & call length
distribution table and call establishment duration. In addition, call accounting module 332
functions to log subscriber call data for the generation of periodic reports and to calculate
subscriber call characteristics required for least cost router 274. A call distribution profile
is maintained based on past calling history. The call distribution data and its effect on call
pricing are used in estimating the cost of the call. For example, an average call of 1.5

minutes would be cheaper using a more expensive carrier that bills using 6 sec/6 sec billing

rather than a less expensive carrier that bills using 60 sec/60 sec billing. A user making
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many short duration calls, for example 10-15 seconds, would prefer 6 sec/6 sec billing over
60 sec/60 sec billing.

For embodiments of the present invention coupled to a PBX, local computer 254
may receive call accounting data directly from the PBX via local interfaces, in addition to
or in place of the call accounting data collected by call accounting module 332, since many
modern PBXs have call accounting functionality built-in.

Other data collected locally includes data output from carrier performance monitor
330. Since using call management system 250 is likely to encourage the use of small
carriers, the performance of the established call connection may vary from call to eall for
different carriers. The quality and performance of a carrier is measured by the percentage
of established calls, the time to call establishment and the voice quality of the transmission
line. Percentage of established calls means calls established upon the first atlempt. Voice
quality is measured by the subscriber, using the telephone set. If the subscriber is not
satisfied with the voice quality of the call, a digit sequence, such as ‘BAD’, may be entered
to flag the call as having poor quality. System 250 collects quality and performance
related data associated with each call to be able to monitor a carrier’s quality and
performance. The following data is collected on a automatic basis with no intervention
required from the subscriber. All calls which have not been established due to one of the
following reasons will be recorded: lack of ring tone or a busy tone, congestion tone (ie.,
fast busy) detected or the call duration was for less than a predetermined minimum. In
addition, data collected on a manual basis includes all calls the subscriber flags as ‘bad’
(i.e., poor quality of connection due to noise, etc.). To avoid the usage of bad quality
carriers, once a carrier is first flagged either automatically or by the subscriber, calls will be
routed to the second least cost carrier. After a predetermined number of flaggings within a
finite time, the carrier will be suspended for a period of time. After a certain number of
suspensions within a week, the carrier will be suspended for a week and the user notified
accordingly.

In addition to collecting and processing carrier performance data using carrier
performance monitor 330, processor 272 may receive carrier performance data from tariff
data server 252. The tariff data server may collect its own carrier performance data and

make this data available to local computer 254 via downloading.
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User interface 276 functions to provide setup screens for entering and updating
subscriber supplied parameters. The data entered by the subscriber comprises the
subscriber’s name, address, organization, user ID, license size (i-e., number of line units)
including serial numbers, monitored telephone numbers, e-mail address, main account
number, primary carrier/OCP including start date, secondary carrie/OCPs numbered |
through N including start date, initial long distance call volume, normal 1-800 call volume,
normal credit card call volume, registration date, preferred telephone, NPA, country,
contact telephone number, contact facsimile number, In addition, user interface 276
displays a call progress report which includes the following information: last used OCP,
call destination (telephone number and text), cost and savings for the current and last call.

Reporting module 334 functions to generate the following reports: a savings report,
a call accounting report and an unsuccessful call report. The savings report specifies the
saving achieved by using the call management system compared to using the default carrier
which is the primary inter-exchange carrier (PIC) (i.c., if the call management system was
not used). The savings report shows the total saving last month, accumulated saving since
the call management system was installed and the calls routed by carriers other than the
default (PIC) and the saving for each call for the last month. The call accounting report
includes the details of successful calls. The calls are grouped by OCP and appear in
calendar order. The call accounting report shows the called destination number,
destination city, date, time of day, duration, cost and associated line unit, Various queries
may be made to view various call accounting information. The unsuccessful call report is
typically used by a subscriber to inhibit usage of low performance and low quality carriers.
This report enables monitoring of the grade of service among competitive carriers. The
report includes the details of calls which have not been completed due to congestion or no
detection of ring or busy tone after digits are dialed. Calls on this report are grouped by
carrier. Each entry in the report includes called destination number, destination city, data,
time of day, call duration and line unit in use.

Line unit interface 284, coupled to processor 272, functions to provide the interface
between processor 272 and the one or more line units 258 installed in the system. Both
wired and wireless communication links are supported by line unit interface 284. To

support a wired link, line unit interface 284 comprises a conventional RS-232 interface,

well known in the art. For wireless links, line unit interface 284 comprises a suitable
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conventional wireless link such as RF or infrared, also well known in the art, Each line
unit interface 284 maintains a communications link with each of the line units in the
system.

Least cost router 274, as described previously, determines, for each call, the least
cost carrier/OCP and provides to the line unit the necessary access dialing string along with
the number to dial. The input parameters to the least cost router are the following; basic
rates including initial period and additional period, caller location (i.e., what carriers and
what calling plans are available in the caller’s location and what exchanges are considered
local), destination mileage and resulting rate steps, billing scheme including initial period
duration and additional period, call jurisdiction (i.e, local call, intraLATA,
interLATA/intrastate, interstate, international), billing scheme (i.e., mileage dependent, flat
rate, band), date and time of day dependency, day of week/year dependency, expected call
duration, statistics of call duration (i.e., caller’s calling habits), volume discounts,
aggregate volume discount for all lines associated with the same main billing account
(MBA), volume and discount commitment, promotions in effect, block of time (i.e., a
certatn amount of time is at a reduced rate during a discount period, e.g. AT & T’s Reach
Out America calling program), prepaid or free volume, volume commitments, concatenated
OCPs for volume discount calculation, taper (i.e., different price for different level of
consumption) and discounted countries, area codes, telephone numbers (e.g., MCI’s
‘friends and family’ OCP, Sprint’s ‘“Most’), free day dialing, discounted country, NPA, 1-
800 normal volume, credit card call normal volume. Some calls are not modified by the
LCR mechanism and are returned to the line unit as dialed. For example numbers with a
non-legal NPA, unsupported country codes and NPA/NXXs for which no rate table exists
(ie., 1-800, 1-900, emergency services, collect calls, etc.).

Processor 272 executes one or more ongoing client processes within the local client
computer. A call process in the processor is a real time event driven process that includes
the following: line monitoring, digit collection and analysis, least cost routing process, line
unit interface, call progress display and call logging. Line monitoring is active during all
the phases of a call and includes the monitoring of all line units in the system. The line
monitoring process receives telephone line status information from each line unit, arranges

the data according to line unit and receives the status of each line unit itself, thus obtaining

information on all dialed digits and on call start and end information. It maintains
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communications with each line unit and periodically sends ‘keep alive’ messages to each
line unit. In addition, dialed digits are collected during the call and are reported to the call
logging process.

The digit collection and analysis is evoked by the telephone set going off-hook.
Once dialed, the call progress display dynamically updates the following information for
the user or subscriber: the dialed number, destination city, carrier’s identity, call progress
phase, call duration, call accumulated dynamic cost and call accounting dynamic saving.
The call logging process logs calls which have and have not been processed by the least
cost router, faulty calls in which no connection was established (i.e., no ring or busy tone,
call was too short, congestion tone, the establishment time was too long, call flagged as
bad by subscriber, etc.),

In addition to a call process, processor 272 executes time driven processes which
include volume calculation per carrier and the carrier quality and performance assessment
process, discussed previously. The volume calculation includes calculating the volume of
each carrier’s OCP on a monthly basis and computing an average. The calculated average
volume is used to determine the expected volume per carrier and to recalculate the pointer
to the volume discount entry. In addition, a process performed weekly calculates the
expected volume according to the following formula:

accumulated volume
expected volume =

percentage of the month passed

Calculating the expected volume helps to eliminate cases where a monthly peak or
changes in the usage of a carrier will cause new volumes, If weekly expected volumes
differ from the average monthly volume, the appropriate OCPs are updated accordingly.
The carrier performance control process decides, on a periodic basis, whether to drop a
particular carrier from use. The decision is based on data collected automatically and
entered manually by the subscriber, as described previously. In addition, the expiration
data of promotions are tracked on a daily basis. The expiration data of each promotion is
included in the OCP parameter data.

It is noted that alternative call management system embodiments may be
constructed using any combination of least cost routing unit 274, call accounting unit 332

and carrier performance monitoring unit 330. A preferred call management system
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embodiment, however, comprises all three units: least cost routing unit 274, call
accounting unit 332 and carrier performance monitoring unit 330

Line unit 258 will now be described in more detail. The line unit is positioned
between the subscriber’s telephone set and the telephone network, As previously
disclosed, each line unit maintains a communication link to the local client computer. All
digits dialed by the subscriber after the telephone goes off-hook are passed to the local
client computer. For calls not relevant to the least cost router, the local client computer
returns the dialed number to the line unit as dialed. The line unit, in turn, transmits those
digits to the telephone network. An example of calls ignored by the least cost router are: 1-
800 calls, 1-888 calls, emergency services (i.c., 911, etc.) and calls to operators (ie., 0, 0+,
411, etc.). Illustrated in Figure 12 is a detailed block diagram of the line unit portion of the
call management system. Line unit 258 comprises a processor 312 coupled to a pulse/tone
or ISDN dialing receiver 314, a local client computer interface 316, a LEC selector 322, a
pulse/tone or ISDN dialer 320, a pass through module 324 and a line monitor 326.
Processor 312 functions to control the internal operation of line unit 258. Pulse/tone
dialing receiver 314 is coupled to the telephone set and functions to receive and interpret
the digits dialed by the subscriber via the telephone set. The intercepted digits are sent to
processor 312 further handling. Local client computer interface 316 is adapted to provide a
wired or wireless communication link to the local client computer. For wired links, local
client computer interface may implement a standard RS-232 interface or any other PC
interface such as parallel I/O, Universal Serial Bus (USB), PC bus extension such as PCI,
all of which are well known in the art. If a wireless link is used between the line unit and
the local client computer, a standard RF or infrared communication link is implemented,
also well known in the art. The line unit interface 284 (Figure 11) in the local client
computer is adapted to handle multiple line units by implementing a protocol similar to
carrier sense multiple access with collision detection (CSMA/CD), the scheme used in
standard Ethernet networks.

Pulse/tone or ISDN dialer 320 is coupled to processor 312 and reccives strings of
digits to be dialed onto the telephone line. Pulse/tone or ISDN dialer 320 is coupled to
LEC selector 322. LEC selector 322 couples the output of pulse/tone or ISDN dialer 320

to one or more LECs. A control signal from processor 312 determines which LEC the

output of pulse/tone or ISDN dialer 320 is coupled to. The telephone line from the LEC,
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via LEC selector 322, is also coupled to pass through 324 which functions to become
transparent when line unit 258 is not active (i.e., powered down). The default state of pass
through 324 is to act transparent to the line. In this state, digits dialed by a subscriber are
passed transparently through to the telephone line. The state of pass through 324 can be
controlled via processor 312.

Line monitor 326, coupled between the telephone set and the telephone line,
functions to monitor the telephone line on both sides of the pass through at all times.
When an off-hook condition and subsequent dial tone signal is detected on the line,
processor 312 opens up pass through 324, disconnecting the telephone set from the
telephone network and sends an ‘off-hook’ signal to the local client computer. The line
monitor monitors the line and transfers network signals to the telephone set. All digits
dialed will be captured by pulse/tone or ISDN dialing receiver 314, prevented from being
transmitted on the telephone line and reported to the local client computer until a connect
command is received. Upon receipt of a connect command, processor 312 puts pass
through 324 into the transparent state, coupling the telephone set to the telephone network.
After a connect line command is received, line monitor listens for the following events and
responds with an associated action: call answered (i-e., the called party answered the call) -
a ‘voice’ message is sent to the local client computer; a dial tone cadence - a ‘dial tone’
message is sent to the local client computer; a ring cadence - a ‘ring’ message is sent to the
local client computer; a busy cadence - a ‘busy’ message is sent to the local client
computer; a congestion cadence - a ‘congestion’ message is sent to the local client
computer. The above list is only presented as an example, other tones may also be
included depending on the application.

A flow chart illustrating a method of real time call routing using the eall
management system of the present invention is shown in Figure 13. Although each step of
the process has been previously disclosed in detail above, the flow chart illustrated in
Figure 13 is never the less useful in understanding the method of the present invention.
First, the call dialed by the user is intercepted either by PBX 120 (Figure 2) or line unit 258
(Figures 6 to 8) (step 350). The dialing information input by the user is captured and
stored (step 352). Then, the optimum route or path for the call is then determined (step

354). Either any or all of the following factors may be factored into the decision as to with

which carrier to place the call: (1) least cost route for the call, (2) locally derived or
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downloaded carrier performance data or (3) the calling history of the user. After the
optimum call is determined, any access and/or authorization codes are added to the dialed
string (step 356). The call is then dialed (step 358). Internal data structures are then
appropriately updated to take into account the call just dialed (step 360).

A high level block diagram of an example of a call management system constructed
in accordance with a preferred embodiment of the present invention is illustrated in Figure
14, The call management system, generally referred to by reference numeral 410,
comprises a data server 412, a local client computer 416 and one or more line units 418.
System 410 interfaces to analog lines such as those commonly used with residential and
business telephone service. Data server 412 holds tariff and subscriber related data. The
tariff information comprises data on different carriers including both local and long
distance telephone companies. The tariff data covers different tariff schemes available
from each telephone company at each locality. The tariff data is downloaded to local
computer 416 either periodically or according to another schedule such as upon a
modification to a tariff schedule. Data server 412 is coupled to local computer 416 by a
communication network 414. The communications network may include any suitable type
of network or communication link such as a pair of modems over an ordinary telephone
line, leased or private line, the Internet, local area network (LAN), wide area network
(WAN), bulletin board service (BBS), etc.

Any number of line units 418, labeled 1 through X in Figure 14, are installed
between a telephone set 424 and the public telephone network. In addition to telephone set
424, line units 418 may be coupled to one or more personal computers 425 with telephone
dialing capabilities (i.e.,, attached fax/modem cards). Note that the line units are also
capable of being connected to facsimile equipment and modems in addition to telephones
and computers. The public telephone network is represented by one or more Local
Exchange Carriers (LECs) 420 labeled 1 through N. Each LEC, in turn, is coupled to one
or more long distance carriers 422 labeled 1 through M. Long distance telephone calls
made by a subscriber are placed by one of N long distance carriers 422. Each line unit 418
communicates with local client computer 416 via a communications link. The
communications link may be wired or wireless (ie., RF, infrared, etc.) and is a bi-
directional communications channel. When a call is placed, one of the line units 418
intercepts digits dialed by the subscriber through coupled telephone set 424, determines the
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optimum route for the call using the carrier selection table and generates a translated
dialing string. The translated dialing string is dialed directly by the line unit 418, Ina
preferred embodiment, each line unit 418 is able to connect to any number of N LECs,
When more than one LEC is available, the line unit, using the carrier selection database,
determines the optimum LEC, in addition to the optimum long distance carrier, and steers
the call to that LEC.

Local computer 416 receives the tariff database from the data server 412 and
customizes it for use by the line unit. Local client computer 416 is a personal computer
(PC) or other suitable computing means which also functions to process call history and
call accounting data uploaded from the line units The collected data serves as the basis for
call accounting, expected volume discount calculations and call savings reports. Note that
local client computer 416 can be coupled to more than one line unit 418. Preferably a line
unit is coupled to every telephone set in the system. This provides maximum savings by
intercepting each call and determining the optimum carrier to place the call through in
accordance with the carrier selection database. Each line unit is coupled to local client
computer 416 via & wired or wireless communications link. The local client computer, in
addition to the line unit and tariff data server, are described in more detail below,

A block diagram illustrating the call management system constructed and operative
in accordance with a preferred embodiment of the present invention coupled to a private
branch exchange (PBX) system is shown in Figure 15. The system shown in Figure 15 is
similar to that of Figure 14 but highlights the connection of the system to a PRX 430,
Coupled to PBX 430 are one or more telephone extension sets 432. Operation of the
system 410 in Figure 15 is identical to that of the system shown in Figure 14 except that
the line units 418 interface to trunks such as those commonly used with small or medium
sized office PBX telephone systems. In addition, all line units can be housed in a single
unit sharing one common communication channel between that box and the local
computer.

A block diagram illustrating the call management system constructed and operative
in accordance with another preferred embodiment of the present invention wherein the line
units are coupled directly to communication network 414 is shown in Figure 16. In this

preferred embodiment, the data server 412, line units 418 and the local computer 416 are

all coupled directly to the communication network.
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In another preferred embodiment of the present invention, the call management
system is constructed without the Jocal computer 416 as illustrated in Figure 17. In this
embodiment, the functions performed by the local computer are performed by the data
server 412. The line units operate the same but communicate with the data server through
the communication network rather than to the local computer. Thus, the carrier selection
database is prepared by the data server and transmitted to the line units through the
communication network. The line units upload call accounting information to the data
server which analyzes this information in the preparation of the carrier selection database.

The communication network (i.e., the Internet or other suitable network) 414 forms
the communication path between tariff data server 412 and the local computer 416. The
System can incorporate use of the various standard applications available on the Internet
including, but not limited to, electronic mail (SMTP), file transfer protocol (FTP), gopher
and the world wide web (WWW). In addition, local computer 416 is coupled to one or
more line units 418 via a wireless link (i.e.,, RF, infrared, etc.).

In this embodiment, the user interface is provided by the data server 412 rather than
by the local computer. The user interface on the data server may comprise one or more
web pages written using HTTP, the standard language of web sites, A subscriber, using the
Internet as the communication network 414, can connect to the data server site to both
receive data from and provide data to the data server. Thus, the subscriber’s personal data
(e.g., negotiated discounts, optional calling plans subscribed to, most dialed area codes,
countries and telephone numbers, credits, personal volume or term commitments, etc.) can
be directly entered into the data server by the subscriber. Privacy and protection against
eavesdropping can be obtained by the data server using an encryption enabled secure web
server and subscribers encryption enabled client web browsers.

In the embodiments shown in Figures 14 to 17, system 410 is adapted to perform
call management for residential/business users or users of a small PBX 430 (Figure 15). A
line unit 418 is associated with each extension in the residential/business system or trunk in
the PBX system. Each line unit is coupled to local computer 416 (Figures 14 and 15) viaa
wired or wireless communication link or directly to the communication network (Figures
16 and 17) via a communication link. Each line unit is also coupled to one or more LECs

420, which in turn place long distance cails through one or more long distance carriers 422,
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Data server 412 will now be described in more detail. Data server 412 comprises a
processor, a server database interface, a billing system, a server database, a client
communication module, a report generation system and a subscription interface module
(not shown). The function of data server 412 is to provide each subscriber with current
tariff schedule data, related to geographic location, to allow the call management processes
in local computer 416 to determine the optimum route for the call. The data server updates
a client database maintained on the local computer with data tailored to the subscribers
location and which can also be based on subscriber provided information. Subscriber
location is stored according to the numbering plan area (NPA) and the local exchange
(NXX).

The data server communicates with the local computer via a communications link.
The processor in the data server oversees the operation of the client communications
module, which handles all communications between the data server and the local computer.
The call management system of the present invention includes an update mechanism to
allow a client database to reflect ongoing changes to tariff schedules, carrier’s optional
calling plans (OCPs), numbering plan changes and changes in the geographic layout of
exchanges. Server communications can take place via any suitable means, such as
electronic mail (e-mail) or FTP. A subscriber can choose to receive updates in any one of
the following ways: per tariff change or periodically. In both cases, either the entire
database can be downloaded or only the relevant database transactions need be sent. In
addition, the subscriber or client can initiate a database transmission. Either a complete
database download or only a portion of it can be downloaded or sent via e-mail to the
subscriber. The local client computer then extracts from the download or e-mail message
the relevant data and updates its client database.

The billing system, coupled to the processor in the data server, functions to
maintain subscriber information needed for billing purposes, if system services are sold on
a monthly basis, and to track and update invoices, bills, payments, etc. for all subscribers.
The report system functions to generate various types of reports. Reports that pertain to
subscriber information, OCP reports and carrier reports are an example of the types of
reports available. The subscriber interface receives and processes registration forms
containing subscriber data. The data is received cither via e-mail, fax, regular mail, etc.
and the data processed and entered into the attached server database.
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A server database interface couples the processor in the data server to the server
database. The server database interface handles al| database requests from the processor
and is responsible for the maintenance of the server database. The server database
comprises a tariff database, distance/local exchange database, a carrier access database, a
subscriber database and a client database, For all databases comprising the server database,
the server database interface serves as the interface for database requests from the data
SEIver processor.

The OCP database contains data on local and long distance toll OCPs supported by
the call management system and comprises the call pricing parameter fields listed in the

table below. Note that not all fields are populated for all OCPs.
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Deterministic Parameters

1. OCP name

2. OCP code

3. carrier code

4. service type: direct dial, credit card call, operator call, information services, emergency,
etc.

5. optional OCP to be concatenated with, i.e, combineability with volume generated via
other types of calls such as other OCPs or 1-800 and credit card calls

6. validity period

7. tapering

8. rate period specific (RPS) flag

9. time of day (TOD) dependency

10.date, i.c., workday, Saturday, Sunday or Holiday dependency

1L.billing method, i.e., mileage banded, flat, NPA (area code banded)

12.billing parameters, i.e., initial period (time and price), additional period (time and price)

13.carrier relations (PIC, subscribed, gypsy/casual)

14.call surcharge

15.availability as a casual/gypsy call

16.casual/gypsy call surcharge: for calls via telephone companies that the customer does not
have a subscription to; may vary according to call jurisdiction, e. g., domestic or
international

17.term commitment discount (percentage)

18.same telephone owner discount (percentage): origin and destination belong to the same
company; for multisite companies

19.same telephone owner discount (fixed amount): origin and destination belong to the same
company; for multisite companies

20.preselected telephone numbers discount {e.g., ‘friends and family’)

21.preselected NPA discount

22 preselected country discount

23.same telephone company discount

24.personal negotiated discount

25.organizations’ discount (percentage)

26.special time limited promotions regarding additional discount (percentage) or credit
(fixed)

Statistical Parameters

1. retroactive volume discount: can be different for ditferent Jurisdictions and the TOD

2. retroactive volume discount limit: some carriers do not give a discount beyond a certain
limit

3. precommited volume discount

4. minimum commitment (volume that is paid for regardiess of use)

5. prepaid calling volume

6. same telephone company discount

7. post priory most frequently called NPA discount

8. post priory most frequently called numbers discount (e.g., Sprint’s ‘most’)

9. post priory most frequently called country discount
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The distance/local exchange database contains the geographic coordinates (i.c.,
vertical and horizontal (V & H) data) of all NPA/NXXs. This data enables the calculation
of the distances between the calling location and the called destination designated by the
NPA/NXX for the purposes of determining the call jurisdiction,

The access database contains the following information on a per OCP and locality
basis (which may or may not be related to NPA): availability data, jurisdiction and access
method. Availability data includes whether the OCP is available only as a primary long
distance carrier, available upon registration as a secondary long distance carrier, available
as a casual call (i.e., gypsy) or not available. The access method for each OCP in each
NPA may include 10-XXX, 1-950-7D-User Authorization Code (UAC), 1-800-7D-UAC,
1-888-7D-UAC (7D is equivalent to 7 dialed digits).

The subscriber database contains subscriber data, received from the subscriber, and
includes the following: subscriber telephone numbers, subscriber’s main billing account,
subscriber userID, license size (i.e., the number of line units), organization, subscriber
contractual OCPs, e-mail address, account number, registration data, last month paid,
subscriber name, telephone number, fax number, address, primary carrier including OCP
and start date, secondary carriers and related OCPs, associated start dates, subscriber long
distance initial volume and monthly volume of credit card calls and 1-800 lines to be
summed for volume discount calculation purposes.  Means are provided to
add/delete/modify subscriber registration data, OCP data and carrier data.

The client database is dynamically derived for each group of subscribers with a
common NPA/NXX or for a specific subseriber for their specific region and related data, in
accordance with the particular arrangement with the subscriber. The client database
provides the necessary data for downloading full or partial databases to subscribers or
clients. The data contained in the client database is derived from the other databases and
includes information relevant only for that subscriber or his/her locality, The client
database includes: a list of all accessible OCPs, the rate step (mileage rings, according to
Jurisdiction, for rate calculation) and validity date key. Accessible OCPs are defined as the
primary long distance carrier OCP to which the subscriber may register or subscribe to,
other OCPs to which the subscriber may or did register to other than through their primary

long distance carrier and all OCPs available at the subscriber location via a casual call (i.c.,

gypsy) for all other carriers. The rate step comprises three parts: a list of all NPA/NXX to
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a local call, detailed rate steps for exchanges requiring both NPA and NXX to create a rate
step and non-designated NPAs for those NPAs for which the entire NPA is included in one
rate step. The validity date key is the latest data for which the client’s database is valid.

A detailed block diagram illustrating the local client computer of the present
invention is shown in Figure 18. Local computer 416 comprises a processor 478 for
managing the operation of the local computer. Coupled to processor 478 are a data server
interface 470, a multi-line unit (LU) management module 472, a call accounting module
474, a reporting module 476, a line unit database preparation module 480, a line unit
interface 488 and a user interface 482, Also coupled to processor 478 are the following
databases: a personal database 486, a call statistics database 485 and a call accounting
database.

Also shown in Figure 18 is the tariff database 413, discussed earlier, coupled to
data server 412. The data server 412 communicates to local computer 416 via
communication network 414 through data server interface 470. The line units 418
communication with the local computer via line unit interface 488.

A detailed block diagram illustrating the line unit of the present invention is shown
in Figure 19. A controller 440 in the line unit functions to manage the internal operation of
the fine unit. Coupled to controller 440 are local computer interface 442, carrier selection
module 448, volumne accumulator module 450, performance monitor 456 and call history
logging module 444, Ip addition, controller 440 comprises databases for holding carrier
selection data 462, call history data 464 and performance data 466, Also, a dialing recejver
446 and line monitor/pass through 452 are coupled to controller 440 and to the telephone
set or PBX extension. A dialer 458 and line monitor 452 are coupled to the LECs 420 via
LEC selector 460.

The dialing receiver 446 in the line unit is able to decode pulse/tone or ISDN
dialing signals. Similarly, the dialer 45§ is able to send pulse/tone or ISDN signals. The
pulse/tone dialing receiver is coupled to the telephone set or PBX extension and functions
to receive and interpret the digits dialed by the subscriber via the telephone set. The line
unit interface 488 in the local computer is adapted to handle multiple line units by
implementing a protocol similar to carrier sense multiple access with collision detection

(CSMA/CD) or any other suitable multiple drop protocol.
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The line unit 418 is positioned between the subscriber’s telephone set and the
telephone network. As previously disclosed, each line unit maintains a communication
link to the local computer. All digits dialed by the subscriber after the telephone goes off
hook are intercepted and processes by the line unit. For calls not relevant to the call
5 management system, the line unit returns the dialed number to the dialer as dialed. The
dialer transmits those digits to the telephone network. An example of calls ignored by the
‘ least cost router are: 1-800 calls, 1-888 calls, 1-900 calls, calls without cost sensitive
alternatives, calls for which the destination may not be recognized by the system (e.g., new
area codes), emergency services (i.e., 911, etc.) and calls to operators (i.e., 0, 0+, 411, etc,).
10 Pulse/tone or ISDN dialer 458 is coupled to controller 440 and receives strings of
digits to be dialed onto the telephone line. Pulse/tone or ISDN dialer 458 is coupled to
LEC selector 460. The LEC selector couples the output of the pulse/tone or ISDN dialer to
one or more LECs. A control signal from controller 440 determines which LEC the output
of the pulse/tone or ISDN dialer is coupled to. The telephone line from the LEC, via LEC
15 selector 460, is also coupled to pass through 452 which functions to become transparent
when line unit 418 is not active (i.c., powered down). The default state of the pass through
is to act transparent to the line. In this state, digits dialed by a subscriber are passed
transparently through to the telephone line. The state of the pass through is be controlled
via controller 440,
20 Line monitor 452, coupled between the telephone set and the telephone line,
functions to monitor the telephone line on both sides of the pass through at all times.

When an off-hook condition and subsequent dial tone signal is detected on the line,

controller 440 opens up the pass through, disconnecting the telephone set from the

telephone network. The user, however, is still able to hear the tones generated by the

25 telephone network. The line monitor monitors the line and transfers network signals to the
telephone set. All digits dialed will be captured by the dialing receiver 446 and prevented

from being transmitted on the telephone line. Upon determination of the optimum route

for the call and dialing the requested number, controller 440 puts pass through 452 into the

‘ transparent state, coupling the telephone set to the telephone network. After a connect line
30 command is received, line monitor listens for the following events and responds with an

associated action which is processed locally in the line unit: call answered (i.e., the called

party answered the call) - a ‘voice’ message is generated: a dial tone cadence - a ‘dial tone’
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message is generated; a ring cadence - a ‘ring’ message is generated; a busy cadence - a
‘busy’ message is generated; a congestion cadence - a ‘congestion’ message is generated.
in the event ISDN is utilized, the appropriate ISDN signals are generated. Note that the
above events are processed internally in the line unit and are not reported to the local
computer. The above list is only presented as an example, other tones may also be
included depending on the application.

In a preferred embodiment of the present invention, the local computer functions a
mediator between the data server and the multiple line units, The actual carrier selection
on a call by call basis is not made by the local computer but by each line unit on an
individual basis. Carrier data is transmitted from the data server to the local computer via
the communication network and processes by the local computer by line unit database
preparation module 480. The local computer, in tumn, downloads a carrier selection
database to each line unit. The line unit then uses the carrier selection database to route a
subscriber originated call via the optimum carriet/LEC combination,

With reference to Figures 18 and 19, data server interface module 470 provides the
interface between processor 478 and data server 412. Data server interface 470 receives
partial or full database downloads from data server 412 via a suitable method (i.e., e-mail
or FTP). Any commercially available Internet application software package may be used
to provide e-mail and FTP functionality. The data that is sent by the data server to the
local computer is localized for that particular subscriber’s locality. The data comprises rate
step information organized by NPA/NXX and other data related to that locality. The
localized data stored in the personal database 486 comprises data derived from any or all of
the following sources: data downloaded from the data server, data entered by the subscriber
or data collected locally via the line unit.

The data entered by the subscriber comprises, but is not limited to, the subscriber’s
name, subscriber’s telephone number, main account number, primary carrier and OCP,
secondary carriers and OCPs, number of trunks or telephone lines, telephone numbers 1
through N including central office (CO) lines or PBX trunks/extensions and the
corresponding PBX access code (if needed) for each telephone number, number of line
units installed at the site, line unit ID number for line units I through X, ignored prefix

numbers, preferred country if OCP selected, preferred NPA if OCP selected, preferred

destination if OCP selected, initial long distance call volume, volume and term
42




WO 97/05749 PCT/IL96/00056
commitments, any personal discount, 1-800 normal volume, credit card normal call
volume, long distance companies prohibited from being used by subscriber and whether
on-line display is required. The data collected locally is accumulated via call history
logging module 444 in the line unit and optionally may be uploaded to the local computer

5 to be processed there (e.g., report generation). Call accounting module 474, in the local
computer, functions as a set of meters, accumulating volume, and provides data necessary
for line unit database preparation module 480. The meters provide monthly accumulated
cost per OCP and, on a per jurisdiction basis, average call length, and a call length
distribution table and call establishment duration. In addition, call accounting module 474

10 functions to log subscriber call data for the generation of periodic reports and to calculate
subscriber call characteristics required for generation of the carrier selection database 462.
A call distribution profile is maintained based on past calling history. The call distribution
data and its effect on call pricing are used in estimating the cost of the call. For example,
an average call of 1.5 minutes would be cheaper using a more expensive carrier that bills
15 using 6 sec/6 sec billing rather than a less expensive carrier that bills using 60 sec/60 sec
billing. A user making many short duration calls, for example 10-15 seconds, would prefer
6 sec/6 sec billing over 60 sec/60 sec billing.
For embodiments of the present invention coupled to a PBX, local computer 412
may receive call accounting data directly from the PBX via local interfaces, in addition to
20  orin place of the call accounting data collected by call accounting module 474 and logged
by call history logger 444, since many modern PBXs have call accounting and call logging
(Le., call reporting) functionality built-in,
Other data collected locally includes data output from the performance monitor
456. Since using the call management system of the present invention is likely to
25  encourage the use of small carriers, the performance of the established call connection may

vary from call to call for different carriers. The quality and performance of a carrier is

measured by the percentage of established calls, the time to call establishment and the

voice quality of the transmission line. Percentage of established calls means calls

. established upon the first attempt. Voice quality is measured by the subscriber, using the
30 telephone set. If the subscriber is not satisfied with the voice quality of the call, a digit

sequence, such as ‘BAD’, may be entered to flag the call as having poor quality. System

410 collects quality and performance related data associated with each call to be able to
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monitor a carrier’s quality and performance. The following data is collected on a
automatic basis with no intervention required from the subscriber, All calls which have not
been established due to one of the following reasons will be recorded: lack of ringback tone
or a busy tone, congestion tone (i.c., fast busy) detected or the call duration was for less
than a predetermined minimum. In addition, data collected on a manua] basis includes all
calls the subscriber flags as ‘bad’ (i.e., poor quality of connection due to noise, etc.). To
avoid the usage of bad quality carriers, once a carrier is first flagged either automatically or
by the subscriber, calls will be routed to the second least cost carrier. After a
predetermined number of flaggings within a finite time, the carrier will be suspended for a
period of time. After a certain number of suspensions within a week, the carrier will be
suspended for a week and the user notified accordingly.

In addition to collecting and processing carrier performance data using performance
monitor 456, processor controller 440 may receive carrier performance data from data
server 412 via the local computer 416. The data server may collect its own carrier
performance data and make this data available to the local Computer via downloading.

User interface 482 functions to provide setup screens for entering and updating
subscriber supplied parameters. The data entered by the subscriber comprises the
subscriber’s name, address, organization, user ID, license size (i.e., number of line units)
including serial numbers, monitored telephone numbers, e-mail address, main account
number, primary carrier/QCP including start date, secondary carrier/OCPs numbered |
through N including start date, initial long distance call volume, normal 1-800 call volume,
normal credit card call volume, registration date, preferred telephone, NPA, country,
coniact telephone number, volume and term commitments, contact facsimile number. In
addition, the user interface displays a call progress report which includes the following
information: last used OCEP, call destination (telephone number and text), cost and savings
for the current and last call,

Reporting module 476 functions to generate the following reports: a savings report,
a call accounting report and an unsuccessful call report. The savings report specifies the
saving achieved by using the call management system compared to using the default carrier
which is the primary inter-exchange carrier (PIC) (i.e., if the call management system was

not used). The savings report shows the total saving last month, accumulated saving since

the call management system was installed and the calls routed by carriers other than the
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default (PIC) and the saving for each call for the last month. The call accounting report
includes the details of successful calls. The calls are grouped by OCP and appear in
calendar order. The call accounting report shows the called destination number,
destination city, date, time of day, duration, cost and associated line unit. Various queries
may be made to view various call accounting information. The unsuccessful call report is
typically used by a subscriber to inhibit usage of low performance and low quality carriers.
This report enables monitoring of the grade of service among competitive carriers. The
report includes the details of calls which have not been completed due to congestion or no
detection of ring or busy tone after digits are dialed. Calls on this report are grouped by
carrier. Each entry in the report includes called destination number, destination city, data,
time of day, call duration and line unit in use.

Line unit interface 488, coupled to processor 478, functions to provide the interface
between the processor and the multiple line units 418 installed in the system. Both wired
and wireless communication links are supported by the line unit interface. To support a
wired link, the line unit interface comprises a conventional RS-232 interface, well known
in the art. For wireless links, the line unit interface comprises a suitable conventional
wireless link such as RF or infrared, also well known in the art. Each line unit interface
maintains a communications link with each of the line units in the system,

The carrier selection database is generated in the local computer by the line unit
database preparation module 480, downloaded to each line unit and stored in carrier
selection database 462. The carrier selection module 448 in the line unit determines for
each call, using the carrier selection database, the optimum route and provides to the dialer
the necessary access dialing string prefix along with the number to be dialed. The input
parameters to the line unit database preparer comprise the parameters in the table presented
above and include both the Deterministic and Statistical Parameters listed. In addition, the
following parameters are used by the line unit database Preparer in constructing the carrier

selection table.
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Additional Parameters Used To Construct Carrier Seiection Database
1. anticipated call duration
2. call duration statistical distribution
3. volume accumulated from separate telephone lines that are combined into one account
4. call volume accumulated for a volume discount (e.g., 1-800, credit card calls, cellular,
etc.)
5. taper (i.e., different price for different level of consumption)
6. discounted countries predicted according to call history data (e.g., Sprint’s ‘Most’)
7. discounted area codes predicted according to call history data (e.g., Sprint’s ‘Most”)
8. discounted telephone numbers predicted according to call history data

Some calls are not modified by the line unit and are dialed as is. For example
numbers with a non-legal NPA, unsupported country codes and NPA/NXXs for which no
rate table exists (i.e., 1-800, 1-900, emergency services, collect calls, ete.

5 As described above, the line unit determines the optimum route for each call dialed,
Dialing strings are received by the dialing receiver and an optimum route is determined by
the line unit and out dialed by the dialer. Once the carrier selection database is downloaded
into the line unit, no further action on the part of the local computer is necessary for calls to
be optimally routed. Given sufficient processing power and memory, the line unit could

10 determine the optimum route, taking into account all the various parameters listed in the
tables above, for the call using the tariff database sent by the data server. This database
comprises the raw tariff data organized by location, OCP and distance. However, a line
unit capable of processing the raw tariff data, using processor’s available today with a
sufficiently large memory size, would not be cost effective. If less powerful but cost

15 effective processors are used, prohibitively large processing delays result. Thus, in order to
reduce the processing overhead that must be performed by the line unit an abridged version
of the tariff database is downloaded to the line unit, called the carrier selection database.
This database is organized by rate steps originating from the subscribers location. A
diagram illustrating the rate step zones centered around an arbitrary geographic location is

20 shown in Figure 20. Each ring 490 represents the border between two rate steps. Note that
different jurisdictions (i.c., IntraLATA, Interstate, etc.) constitute a different ratestep. The
area between two rings represent a zone having a constant tariff rate within the same

jurisdiction. The rate steps are chosen so that each carrier’s rate step is represented. Since

not all carrier’s have the same rate step organization, the rate steps used to construct the

25 carrier selection database are typically finer than those of any one carrier.

46




WO 97/05749 PCT/IL96/00056
The database that is sent from the data server to the local computer comprises
entries for each NPA/NXX in ihe country (using the United States as an example) and for
each foreign country where the NPA is ‘011" and the NXX represents the country code.
This amounts initially to over 100,000 entries. For each entry the tariff to every other
5 NPA/NXX is listed. Line units comprising inexpensive processors and memories to reduce
cost would generate unacceptable delays in determining the optimum route for each call,
Thus, the number of entries in the database is significantly reduced, for a typical
NPA/NXX, by organizing all destination NPA/NXXs by rate step. In some locations,
entire NPAs or at least a large portion thereof are included within a single rate step, thus
10 obviating the need to list each NXX separately. The space between each rate step ring 490
represents an area of equal tariff rate on a carrier basis. Each carrier sets their own tariff
rate for each rate step.

International and overseas calls are handled in a similar fashion. Each country is
assigned its own rate step in accordance with its country code. In this way international

15 calls are handled similarly to domestic calls.
A pseudo code listing illustrating the logic flow of the process of constructing the
carrier selection table in the local computer which is subsequently downloaded to the line

units is presented below.
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Generation of Carrier Selection Table

FOR each type of day {
FOR each rate step {
5 get list of all relevant carrier OCPs
IF there is a volume commitment or prepaid volume not yet met {
give that carrier first priority in the carrier selection table

}
. ELSE IF non-specially discounted number {
10 FOR each hour {
FOR each OCP {
1. caleulate call price as a function of [rates,
minimum period, additional period, expected call
duration (function of rate step and TOD), call
15 duration distribution (function of rate step and TOD),
expected volume discount, term discount, personal
discount]
2. arrange carrier OCPs in a descending selection
order
20 3. insert into carrier selection table
1
}
}
ELSE IF specially discounted number {
25 FOR each hour {

FOR each OCP {

1. calculate call price as a function of [rates,
minimum period, additional period, expected call
duration (function of rate step and TOD), call

30 duration distribution (function of rate step and TOD),
expected volume discount, term discount, personal
discount, special discount]
2. arrange carrier OCPs in a descending selection

order
35 3. insert into carrier selection table
}
}
}
i
40 )
« As described above, the line unit database preparation module in the local computer

constructs the carrier selection database. The database itself is organized first by type of

day (e.g., weekday, weekend, holiday, etc.). For each type of day, the data is organized by

45 rate step. For each rate step the cost for each OCP is calculated according to the hour of
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the day. The factors that are utilized in determining the cost of each OCP is outlined in the
pseudo code listed above. Once the cost is determined for each OCP, the OCPs are placed
in the carrier selection database ordered by increasing cost.

Using this scheme, the processing overhead required by line unit on a call by call
basis is greatly reduced. The process of determining the optimum route for the call, is
reduced to a table look up operation which can be performed very quickly. The table
lookup involves choosing the a suitable entry in the carrier selection database downloaded
into the line unit. If the first entry in the table is not acceptable for some reason (e.g., it is
on a ‘bad’ carrier list) the carrier next in line is picked. Calculations are not necessary and
only another table look-up is required.

It is important to note that in addition, to the raw tariff data received from the data
server, the line unit database preparation module also utilizes data contained in the personal
database 486, call statistics database 485 and call accounting database 484 in constructing
the carrier selection database.

A flow chart illustrating a method of real time call routing using the call
management system of the present invention is shown in Figure 21. This process is
performed by each of the line units in the course of processing a call made by a user. First,
the digits dialed by the user are intercepted by the dialing receiver 446 (Figure 19) (step
500). It is then determined whether this is a call that is to processed (i.e., optimized) (step
502). As described above, certain calls are not processed (e.g., emergency services,
operator, toll free, etc.). If the call is of the type that is not to be processed it is
tmmediately dialed using the dialer 458 (step 504) and the process terminates.

If the call is to be processed, it is then determined whether the call is domestic or
international (step 506). If it is an international call, the rate step is determined according
to the country code (step 508). Ifitis a domestic call, the rate step is determined according
to the NPA/NXX (step 510). A table look-up is then performed on the carrier selection
database based on the rate step, day of week, time of day, whether or not the carrier is
preferred and aggregate volume (step 514).

Once the carrier is selected, it is determined whether the carrier requires an
authorization code (step 516). If not, the dialing prefix dialed is simply the ‘10’ (or 101
for new carriers) plus the carrier’s ID code (CIC) (step 526). Subsequently, the intercepted
number is then dialed (step 528).
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If a code is required, the carrier’s access number is first dialed as in step 526 (step
518) and then, after a conformation tone is received (step 520), the authorization code is
dialed (step 522). After another confirmation tone is received (step 524), the originally
intercepted number is dialed (step 528).

After the intercepted number is dialed the line events (i.e., ringing, busy, etc.) are
logged by the line unit. These event are optionally periodically transmitted to the local
computer for post processing of call data. Each event is also individually time stamped
before being processed by the local computer,

Controller 440 (Figure 19) executes one or more processes within the line unit, A
call process is a real time event driven process that includes the following: line monitoring,
digit collection and analysis, carrier selection and call logging. Line monitoring is active
during all the phases of a call and includes the monitoring of all line units in the system.
The multi-LU management module 472 (Figure 18) in the local computer handles the off-
line communications. It downloads the carrier selection database to zll line units and
uploads call accounting data from each line unit in order to accumulate volume and carrier
usage data from each telephone line. The call accounting module 474, receives telephone
line status information from each line unit, arranges the data according to line unit and
receives the status of each line unit ttself, thus obtaining information on all dialed digits
and on call start and end information. The local computer maintains communications with
each line unit and periodically sends ‘keep alive’ messages to each line unit,

The digit collection and analysis process in the line unit is evoked by the telephone
set going off-hook. Once dialed, the call progress display in the local computer may
dynamically update the following information for the user or subscriber: the dialed
number, destination city, carrier’s identity, call progress phase, call duration, call
accumulated dynamic cost and call accounting dynamic saving. The call logging process
logs calls which have and have not been processed by the line unit, faulty calls in which no
connection was established (i.e., no ring or busy tone, call was too short, congestion tone,
call establishment time was too long, call flagged as bad by subscriber, etc.),

In addition to a call process, the controller in the line unit executes time driven
processes which include volume calculation per carrier and the carrier quality and

performance assessment process, discussed previously. In addition, the data uploaded to

the local computer is used to determine when a new carrier selection database needs to be
50
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generated. The volume calculation includes calculating the volume of each carrier’s OCP
on a monthiy basis and computing an average. The calculated average volume is used to
determine the expected volume per carrier and to recalculate the pointer to the volume
discount entry for calculation of the carrier selection database. In addition, a process
performed weekly calculates the expected volume according to the following formula:

expected volume = accumulated volume (weighted with last months average)
percentage of the month passed

Calculating the expected volume helps to eliminate cases whete a monthly peak or
changes in the usage of a carrier will cause new volumes. If weekly expected volumes
differ from the average monthly volume, the carrier selection database is updated and
downloaded to the line units and the appropriate OCPs are updated accordingly. The
performance monitor control process decides, on a periodic basis, whether to drop a
particular carrier from use. The decision is based on data collected automatically and
entered manually by the subscriber, as described previously. In addition, the expiration
date of promotions are tracked on a daily basis within the local computer. The expiration
data of each promotion is included in the OCP parameter data.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other

applications of the invention may be made.
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The claims defining the invention are as follows:

1. A least cost routing device for determining and establishing an
optimum route for a telephone call made by a user, said least cost routing device
connected to at least one telephone line, said device comprising:

interception means for intercepting digits dialed by the user;

a storage unit for storing tariff and telephone call related information;

a telephone dialing unit for dialing digits onto the telephone line;

a least cost router for determining said optimum route for the telephone

call utilizing said tariff and telephone call related information and expected call
cost, said least cost router operative to generate a dialing prefix corresponding to the
carrier selected for said optimum route and too append said dialing prefix to said digits
dialed by the user; and

wherein said telephone dialing unit is operative to dial said combination of

dialing prefix and said digits dialed by the user onto the telephone line.

2, The device according to claim 1, further comprising a data server for
maintaining a database containing tariff related information on local and long distance
carriers, said data server operative to periodically update said tariff data held in said

storage unit.

3. The device according to claim 2, wherein said data server comprises
data communication means for transferring updated tariff information to said storage

unit.

4. The device according (o claim 1, wherein said local and long distance
carriers are selected from the group consisting of: central switching offices, inter-
exchange carriers, intra-exchange carriers, fax-store-and-forward providers, call-back

providers.
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5. The device according to claim 1, wherein said least cost router

comprises means for generating call history information.

6. The device according to claim 1, wherein said least cost router
comprises means for determining whether or not a volume discount [rate] applies to the

telephone call.

7. The device according to claim 1, wherein said leat cost router
comprises means for utilizing said call history information to determine statistics of

phone calls including call duration to be utilized in determining expected call cost.

8. The device according to claim 1 wherein said telephone dialing unit is
formed as part of any one of the following: a centrex exchange (CTX), a private branch

exchange (PBX), a cellular telephone and a personal computer

9. A personal computer based least cost routing device for determining
and establishing an optimum route for a telephone call by a user, said least cost routing
device connected to at least one telephone line, said device comprising:

a user interface device for inputting from the user, the digits making up the
telephone call to be made;

a storage unit for storing tariff and telephone call related information;

a telephone dialing unit for dialing digits onto the telephone line:

a least cost router for determining said optimum route for the telephone call
utilizing said tariff and telephone call related information and expected call cost, said
least cost router operative to generate a dialing prefix corresponding to the carrier
selected for said optimum route and to append said dialing prefix to said digits dialed
by the user; and

wherein said dialing unit is operative to dial said combination of dialing prefix

and said digits dialed by the user onto the telephone line.
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10. The device according to claim 9, further comprising a data server for
maintaining a database containing tariff related information on local and long distance
carriers and the local exchange, said data server operative to periodically update said

tariff data held in said storage unit.

11. The device according to claim 9, wherein said local and long distance
carrier are selected from the group consisting of: central switching offices, inter-
exchange carriers, intra-exchange carriers, fax-store-and-forward providers, call-back

providers.

12. The device according to claim 9, wherein said least cost router

comprises means for generating call history information.

13. The device according to claim 9, wherein said least cost router
comprises means for determining whether or not a volume discount applies to the

telephone call.

14, The device according to claim 9, wherein said least cost router
comprises means for utilizing said call history information to determine statistics of

phone calls including call duration to be utilized in determining expected call cost.

15. The device according to claim 10, wherein said data server comprises
data communication means for transferring updated tariff information to said storage

unit.
16. The device according to claim 10, wherein said data server comprises

data communication means for transferring updated tariff information to said storage

unit via the Internet.
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17. A private branch exchange (PBX) based least cost router apparatus for
determining and establishing an optimum route for a telephone call made by users of a
PBX, said PBX connected to at least one telephone line, said apparatus comprising:

input means for receiving digits dialed by the user and intercepted by the PBX;

a storage unit for storing tariff and telephone call related information;

at least cost router for determining said optimum route for the telephone call
utilizing said tariff and telephone call related information and expected call cost, said
least cost router operative to generate a dialing prefix corresponding to the carrier
selected for said optimum route and to append said dialing prefix to said digits dialed
by the user; and

said least cost router operative to send said combination of dialing prefix and

said digits dialed by the user to the PBX for dialing onto the telephone line.

18. The apparatus according to claim 21, further comprising a data server
for maintaining a database containing tariff related information on local and long
distance carriers, said data server operative to periodically update said tariff data held

in said storage unit.

19. The apparatus according to claim 22, wherein said data server
comptises data communication means for transferring updated tariff information to said

storage unit.

20. The apparatus according to claim 22, wherein said data server
comprises data communication means for transferring updated tariff information to said

storage unit via the Internet.

21. The apparatus according to claim 21, wherein said local and long

distance carriers are selected from the group consisting of: central switching offices,
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inter-exchange carriers, intra-exchange carriers, fax-store-and-forward providers, call-

back providers.

22. The apparatus according to claim 21, wherein said least cost router

comprises means for generating call history information.

23. The apparatus according to claim 21, wherein said least cost router
comprises means for determining whether or not a volume discount applies to the

telephone call.

24, The apparatus according to claim 21, wherein said least cost router
comprises means for utilizing said call history information to determine statistics of

phone calls including call duration to be utilized in determining expected call cost.

25. The apparatus according to claim 21, wherein said telephone dialing
unit is formed as part of any one of the following: a centrex exchange (CTX), a private

branch exchange (PBX), a cellular telephone and a personal computer.

26. A method for determining and establishing an optimum route for a
telephone call made by a user over at least one telephone line, said method comprising
the steps of:

storing tariff and telephone call related information within a database;

obtaining from the user, the digits making up the telephone call to be made;

determining said optimum route for the telephone call utilizing said tariff and
telephone call related information and expected call cost;

generating a dialing prefix corresponding to the carrier selected for said
optimum route;

appending said dialing prefix to said digits dialed by the user; and

[N:\LIBppl00896:JJP




10
s e
" e o
L] .
AT
e sp 15
* e
s s a
*onn
e 48
“ s
. .
. s
* e
sase
20
eoss
LIRS
as .
“rwe
. .
LY
e o6
LY
. .
sene 25

-57-

dialing said combination of dialing prefix and said digits dialed by the user

onto the telephone line.

27. A call management system for determining an optimum route for a
telephone call made by a subscriber, said telephone call routed through one of N local
exchange carriers coupled to said system via K telephone lines, each local exchange
carrier coupled to one of M long distance carriers, the system comprising:

a tariff data server for managing a database containing tariff related
information on local and long distance carriers, local exchange, telephone exchange
location related data and subscribets;

a first communication link coupling said tariff data server to a local client
computer;

said local client computer for maintaining a client database containing tariff
information relevant to the location of said subscriber, optional calling plans subscribed
to or optional calling plans accessible from the location of said subscriber, said local
client computer for determining said optimum route;

at least one line unit coupled to a telephone set, said N local exchange carriers
and said local client computer, said at least one line unit for Intercepting digits dialed
by said subscriber, monitoring one of said K telephone lines, receiving a dialing string
from said local client computer corresponding to said optimum route and transmitting
said dialing string onto said one of said K telephone lines; and

a second communication link coupling said local client computer to said at

least one line unit.

28. The system according to claim 27, wherein said tariff data server
comprises:

a processor for controlling the operation of said tariff data server;

a server database interface coupled to said processor, said server database

interface for fulfilling database requests issued by said processor;

[N:\LIBpplO0O896: JUP
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a server database coupled to said server database interface, said server database
containing tariff related information on local and long distance carriers; and

a client communications module coupled to said processor and to said first
communication link, said client communications module for managing communications

between said processor and said local client computer.

29. The system according to claim 27, wherein said tariff data system
comprises;

a report generation system coupled to said processor, said report generation
system for producing reports from data collected by said system both automatically and

manually; and

a subscriber interface coupled to said processor, said subscriber interface for

managing the collection and maintenance of subscriber supplied data.

30. The system according to claim 27, wherein said server database
comprises:

an optional calling plan database coupled to said server database interface;

a distance/local exchange database coupled to said sever database interface;

a carrier access database coupled to said server database interface;

a subscriber database coupled to said server database interface; and

a client database coupled to said server database interface.

31. The system according to claim 27, wherein said first communication

link comprises a telephone line.

32, The system according to claim 27, wherein said first communication

link comprises the Internet.

[N:\LIBppi00896:J4P
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33. The system according to claim 27, wherein said local client computer
comprises;

a processor for managing the operation of said local client computer;

a client database update module coupled to said processor, said client database
update module receiving and processing database downloads from said tariff data
server;

a line unit interface coupled to said processor, said line unit interface for
coupling said processor to said at least one line unit;

a least cost router coupled to said processor, said least cost router for
determining the optimum route for a call placed by said subscriber, said least cost
router returning a carrier dialing string to route said call accordingly;

a user interface coupled to said processor, said user interface for providing an
interface between said processor and said subscriber;

a client database holding tariff data relevant to the location of said subscriber
and calling preferences of said subscriber;

a client database interface coupled to said processor, said client database
interface providing an interface between said processor and said client database;

a call accounting module coupled to said processor, said call accounting
module logging calls placed by said subscriber and determining subscriber call
characteristics; and

a carrier quality and performance monitoring module coupled to said
processor, said cartier quality and performance monitoring module for managing the

selection of said long distance carriers based on quality and performance of their

connections.

34. The system according to claim 33, further comprising a reporting

module coupled to said processor.
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35, The system according to claim 27, wherein said second
communication link comprises an RS-232 link coupling said local client computer to

said at least one line unit.

5 36. The system according to claim 27, wherein said second
communication link comprises a wireless radio frequency link coupling said local client

compuler to said at least one line unit.

37. The system according to claim 27, wherein said second
10 communication link comprises a wireless infrared link coupling said local client

computer to said at least one line unit.

38. They system according to claim 27, wherein said at least one line unit
s op B
HE comprises:
Tethet 15 a processor for controlling the operation of said line unit;
et - . . o L .
LR a dialing receiver coupled to said processor, said dialing receiver intercepting
¢ T digits dialed by said subscriber and transferring said digits to said processor;
» ..
seee a dialer coupled to said processor, said dialer receiving a dialing string from
said processor and causing said dialing string to be dialed onto one of said K telephone
20 lines;
- . .: L] N
o a local client computer interface coupled to said processor, said local client
bl computer interface providing the interface between said processor and said local client
L computer;

a pass through coupled to said processor said pass through having a first and
020t 25 second state, both said first and said second states controlled by said processor, said
.:...:' first state blocking said telephone set from said one of said K telephone lines, said

second state coupling said telephone set to said one of said K telephone lines;

a line monitor coupled to said processor, said line monitor detecting and

interpreting signals occurring on said one of said K telephone lines; and
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a local exchange selector coupled to said dialer, said processor and said N
local exchange carriers via said K telephone lines, said local exchange carrier coupling
said dialer to one of said N local exchange carriers in accordance with a control signal

produced by said processor.

39, The system according to claim 38, wherein said dialing receiver

detects and decodes pulse and dual tone multiple frequency toncs.

40. The system according to claim 38, wherein said dialing receiver

detects and decodes Integrated Digital Network Services (ISDN) signalling information.

41. A call management system for determining an optimum route for
telephone calls made by users of a private branch exchange (PBX), each of said
telephone calls routed through one of N local exchange carriers coupled 1o said system
via K trunk lines, each local exchange carrier coupled to one of M long distance
carriers, the system comprising:

a tariff data server for mamaging a database containing tariff related
information on local and long distance carriers;

a first communication link coupling said tariff data server to a local client
computer,

said local client computer for maintaining a client database containing tariff
information relevant to the location of said subscriber, optional calling plans subscribed
to or optional calling plans accessible from the location of said subscriber, said local
client computer for determining said optimum route;

at least one line unit coupled between a user's telephone set and one of said K
trunk lines, said at least one line unit coupled to said local client computer, said at least

one line unit for intercepting digits outpulsed by said PBX, monitoring said one of said

K trunk lines and receiving a dialing string from said local client computer

[NALIBpp]O0OB96: JUP
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corresponding to said optimum route and transmitting said dialing string to said one of
said K trunk lines; and

a second communication link coupling said local client computer to said at

least one line unit,

42. The system according to claim 41, wherein said tariff data server
comprises:

a processor for controlling the operation of said tariff data server:

a server database interface coupled to said processor, said server database
interface for fulfilling database requests issued by said processor;

a server database coupled to said server database interface, said server database
containing tariff related information on local and long distance carriers; and

a client communications module coupled to said processor and to said first
communication link, said client communications module for managing communications
between said processor and said local client computer.

43, The system according to claim 42, wherein said tariff data system
comprises:

a report generation system coupled to said processor, said report generation
system for producing reports from data collected by said system both automatically and
manually; and

a subscriber interface coupled to said processor, said subscriber interface for

managing the collection and maintenance of subscriber supplied data.

44. The system according to claim 42, wherein said server database
comprises:

an optional calling plan database coupled to said server database interface;

a distance/local exchange database coupled to said server database interface:

an access database coupled to said server database interface;

a subscriber database coupled to said server database interface; and

[NALIBppIO0BIE: JUP
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a client database coupled to said server database interface.

45, The system according to claim 41, wherein said first communication

link comprises a telephone line.

46. The sysiem according to claim 41, wherein said first communication

link comprises the Internet.

47. The system according to claim 41, wherein said local client computer
10 comprises:

a processor for managing the operation of said local client computer;

a client database update module coupled to said processor, said client database

update module receiving and processing database downloads from said tariff data

S'°':- server;
‘:.' 15 a line unit interface coupled to said processor, said line unit interface for
:.::: * coupling said processor to said at least one line unit;
e g0
f ..:. a least cost router coupled to said processor, said least cost router for
Tele determining the optimum route for a call placed by said subscriber, said least cost
router returning a carrier dialing string o route said call accordingly;
s D0 a user interface coupled to said processor, said user interface for providing an
‘ . :.: interface between said processor and said subscriber;
PN
R a client database holding tariff data relevant to the location of said subscriber
5.":' and calling preferences of said subscriber;
a client database interface coupled to said processor, said client database
-":: 25 interface providing an interface between said processor and said client database;
soeen : a call accounting module coupled to said processor, said call accounting

module logging calls placed by said subscriber and determining subscriber call

characteristics; and
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a carrier performance monitoring module coupled to said processor, said
carrier performance monitoring module for managing the selection of said long distance

carriers based on the quality and performance of their connections.

48. The system according to claim 47, further comprising a reporting

module coupled to said processor.

49. The system according to claim 41, wherein said second

communication link comprises an RS-232 link coupling said local client computer to

said at least one line unit.

50. The system according to claim 41, wherein said second
communication link comprises a wireless radio frequency link coupling said local client

computer to said at least one line unit.

51. The system according to claim 41, wherein said second
communication link comprises a wireless infrared link coupling said local client

computer to said at feast one line unit.

52. The system of claim 41, wherein said at least one line unit comprises:

a processor for controlling the operation of said line unit;

a dialing receiver coupled to said processor, said dialing receiver intercepting
digits dialed by said subscriber and transferring said digits to said processor,

a dialer coupled to said processor, said dialer receiving a dialing string from
said processor and causing said dialing string to be dialed onto one of said K trunk
lines;

a local client computer interface coupled to said processor, said local client

computer interface providing the interface between said processor and said local client

computer;
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a pass through coupled to said processor, said pass through having a first and
second state, both said first and said second states controlled by said processor, said
first state blocking said telephone set from said one of said K trunk lines, said second

state coupling said telephone set to said one of said K trunk lines;

a line monitor coupled to said processor, said line monitor detecting and
interpreting signals occurring on said one of said K trunk lines; and

a local exchange selector coupled to said dialer, said processor and said N
local exchange carriers via said K trunk lines, said local exchange carrier coupling said

dialer to one of said N local exchange carriers in accordance with a control signal

produced by said processor.

53. The system according to claim 52, wherein said dialling receiver

detects and decodes pulse and dual tone multiple frequency tones.

54. The system according to claim 52, wherein said dialling receiver

detects and decodes Integrated Network Services (ISDN) signalling information.

55. A least cost routing device substantially as herein described with

reference to any one of the embodiments as illustrated in Figs. 1 to 21.

56. A personal computer based least cost routing device substantially as

herein described with reference to any one of the embodiments as illustrated in Figs. 1

to 21.

57. A private branch exchange (PBX) based lease cost router apparatus

substantially as herein described with reference to any one of the embodiments as

illustrated in the Figs. 1 to 21.
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A method for determining and establishing an optimum route for a

58.
telephone call made by a user substantially as herein described with reference to any

one of the embodiments as illustrated in Figs. 1 to 21.

5 59, A call management system substantially as herein described with

reference to any one of the embodiments as illustrated in Figs, 1 to 21.

DATED this Nineteenth Day of February 1999
Call Manage Ltd
Patent Attorneys for the Applicant

10
SPRUSON & FERGUSON

e s

LR ]
.- ¢ ¢
LYY

.
EX XX

LEY ¥
)

.
“Hee

-
LI
- .

NALIBppIO0SI6: JIP




WO 97/05749

PCT/1L96/00056

1/22

TELEPHONE | 18 C T T TExcHANGE
USER p— I CARRIER I
] | I
| |
|
30| -|=! C.0. INTER- |
~rSu , EXCHANGE |
| CARRIER |
d ROUTER | ,
4 : I C.0. '
! INTRA—
i | 14 EXCHANGE |
! CARRIER
N U
- l‘ _ _L — — /_ 20 10a
I DATABASE I
I I
I |
24T cPU MODEM [H—=

FIG.1




2 / 2 2 PCT/IL96/00056

WO 97/05749

d3AH3S

vivQ

/7 xad T [ | e

octL AVANAY
‘00
iy ,.m..gs )
zz) \ /

SEllsh ) d3144V0
JONVHOX3 Ol JONVHIX3 OL




WO 97/05749

3/22

PCT/IL96/00056

INTERCEPT 130
CALL M

PROCESS DIALING 132
INFORMATION ~—~—

CALCULATE LEAST 134
COST CARRIER N

ADD ACCESS AND 136
AUTHORIZATION CODES ./

]
DIAL CALL 138
FIG.3




PCT/1L96/00056

4/22

WO 97/05749

e T T T T T T B
0Sin | "NOILYANG
_ Humhmm_ﬁwﬁww T 3aNIoNYLS 449Vl
¥ 914 €1S0J | ® SY3LINVAYd
_ TIVO WOX4
|
|| s3ndav INNODSIa
_ INNTOA
- | 41 ININY3LIA AZOLSH
SYIAINOYd “O4NI JANNTOA INIIALTY
1538, =— TV 504 L » su3i3nvyvd
19313S 1v3d3d ¢ 1809 | 1IV0 WOYA
_ S
( vol 8v1 ot
A JINIONYLS 319VL
“O4NI INNOJSIA JWNNTOA Jsvaviva
"04NT_INNOJSIA
TINIONYIS J319VL
SINNODSIA 44141 wyg_.m SY3ALIAVHVd
TYNQIAIONI INVATTIY | TIvD
b LS00 T qgav ININY3L3Q zox_,mﬁ%uo A4ILN3Q!
ﬁ::\ Niu\ oif\




WO 97/05749

5/22

PCT/IL96/00056

DATA SERVER OPERATOR | 202
RECEIVES NOTIFICATION
OF TARIFF CHANGE | —
DATA SERVER 204
DATABASE REVISED — —
|
PREPARE UPDATED 206

LCR PACKAGE

POST
PACKAGE TO BBC

SEND PACKAGE

POST PACKAGE
T0 "FTP" PAGE

OF SUBSCRIBERS

POST PACKAGE TO

"WWW" PAGE

COPY PACKAGE

TO DISKETTE

NOTIFY USER THAT

UPDATE FILE
AVAILABLE

IS

FIG.5

T0 E-MAIL BOXES| | /




6 / 2 2 PCT/IL96/00056

WO 97/05749

¥9Z

(A IRYE (P10
[ =—{ 3IONVISIO
9NO1
STV o
3NOHd313L .
JONVISIC
ONO1 °
RV I
\_—~— 30NVISIa
ONO1
9014

W T )
e |
L1 X 1NN |
N 031 L3N !
I i
° | ° |
° ! . t
I i
° “ ’ “
° | |
| . \\\mmm “ 952
I |
L o7 n L_LNn : T
i NI i 288
| i I
omN\x e 1 b
| NI NI
I NOILYOININIOD NOILYOINNAINOD
|
\\\\\“ 43LNdWOD SIS
i WI0T NI VL
osc | NOILYOINNWWOO | 34
“
1
L

——— e —— s ——— e




7 / 2 2 PCT/IL96/00056

WO 97/05749

INOHd313L
JONVISIC
ONOT

STIvD L

X

+92
W d3INNYD
ﬁr»| IDNVISI]
ONO
L ¥3MNYD
\~—| 3ONVISI]
INO1
Dld

09z J [ _esz T 1
e |
LI Y LINN !
N 931 —H 3NN “
. ! ] |
a — o _
| |
° | ° J
“ , |
° ! ° 86Z |
o © |
| [ |
_ L 1IN
L 031 :
> i ann i
09— ————- - !
| AND MNIT
| NOLLYDINNWWO)D NOILYDINAWNOD
“ SSITIHIM SSITIAIM
|
\\\x\“ ¥ILNANOD
! W01
§
[
|
i

9G¢

[=]
[=]
a
a

alalals]

onao

4IAY3S
viva
d4t9vL

—_—— e e ———— ]




8 / 2 2 PCT/IL96/00056

WO 97/05749

STIvd
dNOH433L d
JONV1SI

ONOT

¥9Z

W Y3188V
3JONVLSIO
ONO1

omNJ

(R E[t-1.) o]
JONVISIQ
ONOTI

8 OId

(s)o31

06¢

e e e ———— . ———— e b e - —— e ] e

|
|
|
A LINN !
ELVN I
] “
° |
, _
°. ! xgd
° \wmw !
¢ |
L 1INN |
3NN !
“
Y31NdWOD
W20 MNT
NOLLVIINNWINOD

43IAY3S
v1ivd
4419v]




PCT/IL96/00056

JOVIHIINI
d438140S8NS

mmml\\\

6 Old

|

i

]

|

|

1

“

|

“

|

“ W3ILSAS
! NOILVYINIO
|
|
|
“
i
[}
|
]
“
|
|
|
|

14043y
FOVAYILNI

¢m~\\\\ ¥0SS3IN0¥d 3ISvaviva

YIAYIS

Isvaviva
JIAH3S

9/22

W3LSAS

ONITIg ///
Nmml\\\

d31NdNOD SNOILYIINNIWNOD J///
VOO0 0L T IN3ND 882

98¢ z92

WO 97/05749




WO 97/05749

PCT/IL96/006056
10/22
288
PROCESSOR |/
SERVER
DATABASE | ——286
INTERFACE
______________________________________ )
300 306

0CP
DATABASE

DISTANCE /LOCAL
EXCHANGE
DATABASE

ACCESS
DATABASE

SUBSCRIBER
DATABASE

CLIENT
DATABASE




PCT/IL96/00056

11/22

WO 97/05749

A

- 1NN 3NN 8
092 (S)231 N 0L 862 ° °
LNN 3N (1]
__.i:lul-:l{--:-;-l--|!iiu-slmwmmmm%m&mﬂ vz
| 30VANIINI !
| Y8 | INA 3N T\
“ 8LC _ I yee
| |/ ONILIOZY |-
_ 3OVIUIINI | Ze¢
3Svaviva

| IN3D 3SYEvLVQ ONILNNOJDY |+~
! IN317D WD i
|
| |
“ ONIHOLINOW | 1 0g¢
| 30V3Y3UNI JONYINYO¥3d \K
! oL ¥3sn ¥0SSI00Md HILUYD
| |
“ ¥3vaan | | FETNER
i ONILNOY | _ asvaviva ST Viva
| \/y 11809 Isvan IN3D | NOIVOINNANGD L8V
| 2.2 0tz—"

.......... ! 25z’



w!fl-l---l-,lf-Iil,--i-iil?m?%ﬂ
£ “ 9 — L 40LINOW "
s | NN
5 |
= _ 24N | ez
[~
g i ~ronosn1 "
_ SSvd |
_ !
“ _
|
— -
_ zig _“ ol DId
—— 0zg N |
N | N |
N | |
1 73S 43wmia
N (s)o31 N oL .....lmo%uwu INOL/3ISINd 40SS3004d 3NN | 13s
= " —1 _ ONI'VIJ H= 3NOHd3131
! 3N0L/3Snd ! oL
; |
-
“ . pig |
|
_ i
i
| //Nmn !
|
| 30VANIINI 9ic i
[ Y3INdWOI 201 !
T .
g b e T # lllllllll
2 ¥3LNdWOD
g W01 01

e



WO 97/65749

FIG.13

13/22

DETERMINE OPTIMUM
CALL ROUTE

PCT/11L.96/00056

INTERCEPT CALL

~—— 350

CAPTURE DIALING
INFORMATION

352

DETERMINE OPTIMUM ROUTE
FOR CALL CONSIDERING

+ LEAST COST ROUTE
* CARRIER PERFORMANCE
* CALLING HISTORY

354

ADD ACCESS AND
AUTHORIZATION CODES

336

DIAL CALL

~— 358

UPDATE INTERNAL

DATA STRUCTURES

i.e., CALL HISTORY,
CARRIER PERFORMANCE, ETC.

360

( DONE )




PCT/IL96/00056

14/22

WO 97/05749

(444

W HIMYYD
N -] 3onvISIO
INOT
STWVD .
3NOHd313L | i
IDNVISIC
ONOT °
L y¥3IEvD
\=—{ 39NVISI]
ONOT
Y1 DId

|
|
§
i
]
_

\\\\\" ¥3ILNANOD
| W01
|
|
§

T T T T e e — =

omv//J i \\mF¢ i

“ 1

M LINN i

N 031 —H “ann ;

o | . "

. | o i

_ . [

° | |

i ° i

° i ) T

o 1 ° I

Al

_ vﬁ | 3NN "

| |

owr=" . | |

SINIT NI
NOILYDINNWWOD NOILYDINNIWINOD
e

AHOMLIAN
NOILYJINNWWOD

1454

43AY3S
viva

———— . — e



PCT/IL96/00056

15/22

WO 97/05749

(A4

\\

Ot¥

Y3AY3S
vivQ

e
N owv/ e |
W Y3IHYYD | j
(" ~— 3onvisia — »_LiNn !
9NOT i 3NN _
L] “ © _
| o |
STIVD o ! . !
INOHJI3L { o (8)o31] o | Xad
IONVLSI] ! . oy |
INO1 ° .
. ! £
! L LINN [
L y3INYYD i 3N i
\_—— 30NVISI ! |
INO1 _ L
r————- . |
| AN MNIN
| NOILVIINNWWOD NOILVOINNIWWOD
" oS- 9
. |
GT DId | ¥3LNAWOD MYOMLIN
| o0 NOILYIINNNWOD
I
|
{
[

viv

—_———— e ]



PCT/IL96/00056

16/22

WO 97/05749

A4

/ 0z
T e J

-

ol

|
"
ﬂ ——| 3DNVISIO | M 1NN
ONOT ! INIT
-3 m (-]
STIVD . | . mezaE
INOHAI3L . . Xgd ¥0
JONVISIC ()03 | ° INOHJI 1AL
9NOT . _ ° 8Ly
o | a
! I LINN
L ¥V _ aNn
\~— 3ONVISI !
aNo1 || o
r
! |
! i
! i
| I
N e e At A |
| ! |
91 DId | | ¥3LNdN0D MYOMLIN Y3ANIS| |
! Wa01 | NOILYDINNWNOD viva |,
o |
i 9Ly " |
L

|||||||||| J Pl b _




PCT/IL96/00056

17/22

WO 97/05749

XA

/J oN¢//J
N H31EVD

(s)om

(=—{ 30NVLSIC
ONOT
STV .
uzozau4uHL .
JONVISIC
ONOT o
L YIINEVD
\\—— 3JONVISI
INO1
L1DId
ol¥
. X

NOIIVIINNWINOD

AYOMLIN

14574

o oy S

Y3IAY3S
viva

SHUNNYL
> X8d 40
INOHd313L




PCT/IL96/00056

WO 97/05749

o 3
LNN 3NN L]
0Z+ (S)031 N 0L 8ly o . A .
/ @ ° w.ﬁ Dﬁh
- l
LINA 3NN 1]
— T ] T M3Indmod W01 )
INILNNODDV agp JOVAYILINI 114
mmmm \J 1NN 3NN _
|
o | L 9sp
SOILSIIVLS ONILH0d3d _
TIvD IR 74
> - ONIINNODY |+~
viva _ viva
b Ziv
JOVIHIINI ¥0SS3004d NI=-117NA ! cly D
71 ¥3sn |
98Y z8v JOVAYIINT | !
NOILV4Yd3dd = H3AY3S _ zo_wwomﬁw‘ﬂonv dIpd3s
/" | 3svaviva LINn 3NN LA viva
08 81y—" or—" I k
|||||||||||||||||||||||||||||||||||||||||| - Zly




PCT/IL96/00056

19/22

WO 97/05749

I\)w_.¢

43INdWOD 301 0L

T T 6191
_ ZSY _
| HINOYHL SS¥d |
03¥ /HOLINONW
~ / 3NN _
-] ] |
NOISN3LX3 X&d
~—fosgs o | | R e
-~ oo 9 avp | 3NOHJ3T3L OL
_ _
| ONI99O0]
AYOLSIH 11v0
| O | vvv
_ vivQ \ JOLINOW
JONVINHOA3d JONVIHOI¥3d
| 99¥ 43TI0HINCD | 95¥
¥OLVINNNDIY
“ ANNI0A l“/omv
_ NOILO313S
| V1va VIVQ ELLY |
|| AdosH NOILOTI3S | 8y
NR)
Il = 5‘ JOVIUIINI _
¥31NdWOD
| _~ W01 [S—zvv |




WO 97/05749

20 / 22 PCT/IL96/00056




WO 97/05749

21,22

PCT/IL96/00056

LINE UNIT

DETERMINE OPTIMUM
CALL ROUTE IN THE

CAPTURE DIALED

INTERCEPT CALL AND

500

DIGITS ™—

504
/

DIAL AS
INTERCEPTED

EXIT

[

INTERCEPT

PROCESSED

NUMBER TO BE

502

?

3510

[

DETERMINE RATE
STEP ACCORDING
TO NPA/NXX

DETERMINE
RATE STEP 508
ACCORDING TO >
COUNTRY CODE
514

FIG.21,

RETRIEVE CARRIER FROM
CARRIER SELECTION TABLE
ACCORDING TO RATE STEP,
DAY, TOD, WHETHER
PREFERED OR NOT,
AGGREGATE VOLUME BY
CARRIER

b




WO 97/05749

- 22/22

PCT/IL96/00056

AUTHORIZATIO

CODE
REQUIRED 2
DIAL CARRIER 518
ACCESS NUMBER —
WAT FOR 526
CONFIRMATION [ 520
TONE ] )
‘ DIAL 10 + CIC
DIAL
AUTHORIZATION 522
CODE N—
WAIT FOR
CONFIRMATION 524
TONE N

528 DIAL INTERCEPTED
~— NUMBER

]

530 LOG LINE EVENTS
' ~—1INCLUDING TIME STAMPS

FIG.R1,2




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

