(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 August 2007 (09.08.2007)

(10) International Publication Number

WO 2007/089765 A2

(51) International Patent Classification:
GO6Q 10/00 (2006.01) HO4L 12/24 (2006.01)

(21) International Application Number:
PCT/US2007/002510

(22) International Filing Date: 30 January 2007 (30.01.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

11/343,361 31 January 2006 (31.01.2006) US
(71) Applicant (for all designated States except US): AT & T
CORP. [US/US]; 32 Avenue Of The Americas, New York,

New York 10013 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CROAK, Marian
[US/US]; 834 River Road, Fair Haven, NJ 07704 (US).
ESLAMBOLCHI, Hossein [US/US]; 13826 Moon Lane,
Los Altos Hills, California 94022 (US).

(74) Agent: TONG, Kin-Wah; Patterson & Sheridan, LLP, 595
Shrewsbury Avenue, Shrewsbury, NJ 07702 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

134
TDM
Devices

f
Border
Element

IP/MPLS Core
Network

(54) Title: METHOD AND APPARATUS FOR EVALUATING COMPONENT COSTS IN A COMMUNICATION NETWORK

100 . Location Z
=2 Location A | " ll
{ Related Yoy Customer
Calﬂgg:s{ | Access { Applcation ‘b, CeE 1( Access % E[;xdpoint
i Servers evices
Devices : Network 1 e 2 i Networks %

122 H i i 123
TOM [ | ! , o
Devices \ | g \ : I s

5-—»\
Telephone JEY vers, Cail 1} | L Telephone
|
!

-\ DSL/Cable {
. ,Network Rai-

Border
Element

145

77089765 A2 I 10 00 00 RO OO A A

(57) Abstract: A method and apparatus for calculating a cost index in a communication network. In one embodiment, a plurality of
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METHOD AND APPARATUS FOR EVALUATING COMPONENT COSTS IN A
COMMUNICATION NETWORK

BACKGROUND OF THE INVENTION

Field of the Invention

[ooo1] Embodiments of the present invention generally relate to telecommunications

systems and, more particularly, to a method and apparatus for calculating the cost of
network components in a communications network, such as a packet network, e.g., a
voice over internet protocol (VolP) network.

Description of the Related Art

[0002] Generally, telecommunications systems provide the ability for two or more
people or machines (e.g., computerized or other electronic devices) to communicate
with each other. A telecommunications system may include various networks for
facilitating communication that may be generally organized into packet networks and
circuit-switched networks. An exemplary circuit-switched network includes a plain
old telephone system (POTS), such as the publicly switched telephone network
(PSTN). Exemplary packet networks include internet protocol (IP) networks,
asynchronous transfer mode (ATM) networks, frame-relay networks, and the like.

One type of packet network is a voice-over-internet protocol (VolP) network.

[0003] In order to be successful, VolP network providers should offer higf'hly reliable
services to subscribers with service availability equivalent to conventional circuit-
switched networks, such as the PSTN. VolP providers, however, typically operate at
a much lower cost structure than traditional providers of telephony services. Despite
this advantage, it is difficult for VolP providers to know if they should continue
investing in legacy time division multiplexed (TDM) equipment or invest in new IP
based equipment. Accordingly, there exists a need in the art for a method and

apparatus for evaluating component costs in a communication network.

SUMMARY OF THE INVENTION

[0004] A method and apparatus for calculating a cost index in a communication

network are disclosed. In one embodiment, a plurality of first cost factors associated
1
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with a first set of network elements is obtained. Subsequently, a plurality of second
cost factors associated with a second set of network elements is obtained. A first
cost index is then determined based on the plurality of first cost factors associated
with the first set of network elements. Similarly, a second cost index is determined
based on the plurality of second cost factors associated with the second set of
network elements. Afterwards, the first cost index is compared to the second cost
index to determine a point in time when a service provider should minimize new

investrnent in the first set of network elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005) So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to

other equally effective embodiments.

[ooo6] FIG. 1 is a block diagram depicting an exemplary embodiment of a

communication system in accordance with the invention;

fooo7] FIG. 2 is a block diagram depicting an exemplary embodiment of a portion of
the communication system of FIG. 1 in accordance with one or more aspects of the

invention;

[0008] FIG. 3 is a flow diagram depicting an exemplary embodiment of a method for
evaluating costs in a communication network in accordance with one or more

aspects of the invention; and

[0009] FIG. 4 is a block diagram depicting an exemplary embodiment of a computer

suitable for implementing the processes and methods described herein.
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DETAILED DESCRIPTION

[0010] To better understand the present invention, FIG. 1 illustrates communication
architecture 100 comprising an example network, e.g., a packet network such as a
Voice over Intermnet Protocol (VolP) network, related to the present invention.
Exemplary packet networks include internet protocol (IP) networks, asynchronous
transfer mode (ATM) networks, frame-relay networks, and the like. An IP network is
broadly defined as a network that uses Intemet Protocol to exchange data packets.
Thus, a VolP network or a SolP (Service over Internet Protocol) network is

considered an IP network.

[0o11] In one embodiment, the VolP network may comprise various types of
customer endpoint devices connected via various types of access networks to a
carrier (a service provider) VolP core infrastructure over an Internet Protocol/Multi-
Protocol Label Switching (IP/MPLS) based core backbone network. Broadly defined,
a VoIP network is a network that is capable of carrying voice signals as packetized
data over an IP network. The present invention is described below in the context of
an illustrative VolP network. Thus, the present invention should not be interpreted to

be limited by this particular illustrative architecture.

[oo12] Referring to FIG. 1, the customer endpoint devices can be either Time
Division Multiplexing (TDM) based or IP based. TDM based customer endpoint
devices 122, 123, 134, and 135 typically comprise of TDM phones or Private Branch
Exchange (PBX). IP based customer endpoint devices 144 and145 typically
comprise IP phones or IP PBX. The Terminal Adaptors (TA) 132 and 133 are used
to provide necessary interworking functions between TDM customer endpoint
devices, such as analog phones, and packet based access network technologies,
such as Digital Subscriber Loop (DSL) or Cable broadband access networks. TDM
based customer endpoint devices access VolP services by using either a Public
Switched Telephone Network (PSTN) 120, 121 or a broadband access network 130,
131 via a TA 132 or 133. IP based customer endpoint devices access VolP services
by using a Local Area Network (LAN) 140 and 141 with a VolP gateway or router
142 and 143, respectively.
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[0013] The access networks can be either TDM or packet based. A TDM PSTN 120
or 121 is used to support TDM customer endpoint devices connected via traditional
phone lines. A packet based access network, such as Frame Relay, ATM, Ethernet
or IP, is used to support IP based customer endpoint devices via a customer LAN,
e.g., 140 with a VolP gateway and router 142. A packet based access network 130
or 131, such as DSL or Cable, when used together with a TA 132 or 133, is used to
support TDM based customer endpoint devices.

[0014] The core VolP infrastructure comprises of several key VolP components,
such as the Border Elements (BEs) 112 and 113, the Call Control Eiement (CCE)
111, VolIP related Application Servers (AS) 114, and Media Servers (MS) 115. The
BE resides at the edge of the VolP core infrastructure and interfaces with customers
endpoints over various types of access networks. A BE is typically implemented as
a Media Gateway and performs signaling, media control, security, and cali admission
control and related functions. The CCE resides within the VolP infrastructure and is
connected to the BEs using the Session Initiation Protocol (SIP) over the underlying
IP/MPLS based core backbone network 110. The CCE is typically implemented as a
Media Gateway Controller or a softswitch and performs network wide call control
related functions as well as interacts with the appropriate VolP service related
servers when necessary. The CCE functions as a SIP back-to-back user agent and
is a signaling endpoint for all call legs between all BEs and the CCE. The CCE may
need to interact with various VolP related Application Servers (AS) in order to
‘complete a call that require certain service specific features, e.g. translation of an

E.164 voice network address into an IP address and so on.

[0015] For calls that originate or terminate in a different carrier, they can be handled
through the PSTN 120 and 121 or the Partner IP Carrier 160 interconnections. For
originating or terminating TDM calls, they can be handled via existing PSTN
interconnections to the other carrier. For originating or terminating VolP calls, they

can be handled via the Partner IP carrier interface 160 to the other carrier.

[0o16] In order to illustrate how the different components operate to support a VolP

call, the following call scenario is used to illustrate how a VolP call is setup between

4
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two customer endpoints. A customer using IP device 144 at location A places a call
to another customer at location Z using TDM device 135. During the call setup, a
setup signaling message is sent from IP device 144, through the LAN 140, the VolP
Gateway/Router 142, and the associated packet based access network, to BE 112,
BE 112 will then send a setup signaling message, such as a SIP-INVITE message if
SIP is used, to CCE 111. CCE 111 looks at the called party information and quetries
the necessary VolP service related application server 114 to obtain the information
to complete this call. In one embodiment, the Application Server (AS) functions as a
back-to-back user agent. If BE 113 needs to be involved in completing the call; CCE
111 sends another call setup message, such as a SIP-INVITE message if SIP is
used, to BE 113. Upon receiving the call setup message, BE 113 forwards the call
setup message, via broadband network 131, to TA 133. TA 133 then identifies the
appropriate TDM device 135 and rings that device. Once the call is accepted at
location Z by the called party, a call acknowledgement signaling message, such as a
SIP 200 OK response message if SIP is used, is sent in the reverse direction back to
the CCE 111. After the CCE 111 receives the call acknowledgement message, it will
then send a call acknowledgement signaling message, such as a SIP 200 OK
response message if SIP is used, toward the calling party. In addition, the CCE 111
also provides the necessary information of the call to both BE 112 and BE 113 so
that the call data exchange can proceed directly between BE 112 and BE 113. The
call signaling path 150 and the call media path 151 are illustratively shown in FIG. 1.
Note that the call signaling path and the call media path are different because once a
call has been setup up between two endpoints, the CCE 111 does not need to be in

the data path for actual direct data exchange.

[0017] Media Servers (MS) 115 are special servers that typically handle and
terminate media streams, and to provide services such as announcements, bridges,
transcoding, and Interactive Voice Response (IVR) messages for VolP service

applications.

(0018} Note that a customer in location A using any endpoint device type with its
associated access network type can communicate with another customer in location

Z using any endpoint device type with its associated network type as well. For

5
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instance, a customer at location A using IP customer endpoint dévice 144 with
packet based access network 140 can call another customer at location Z using
TDM endpoint device 123 with PSTN access network 121. The BEs 112 and 113
are responsible for the necessary signaling protocol translation, e.g., SS7 to and
from SIP, and media format conversion, such as TDM voice format to and from IP

based packet voice format.

[oo19]) FIG. 2 is a block diagram depicting an exemplary configuration of the
communication system of FIG. 1 constructed in accordance with one or more
aspects of the invention. In one embodiment, the communication system may
comprise both a core IP network 110 and a TDM network 230. Notably, the IP
network 110 is the portion of the communication system that services IP based calls
and the TDM network is the portion that is responsible for supporting TDM based
communications. Although depicted as a common network in FIG. 1, both the IP
network 110 and the TDM network 230 may be distinguished from each other since
each network utilizes different network components. In one embodiment, the IP

network and TDM network are connected to an application server 214.

[0020] Notably, the IP network 110 is used to provide IP-based communication
services to customers. In one embodiment, an endpoint device 202 is configured for
communication with the core IP network 110 via an access network 204 and one or
more border elements (BEs) 206. Likewise, an endpoint device 212 is configured for
communication with the core network 110 via an access network 210 and one or
more BEs 208. The endpoint devices 202 and 212 may comprise any IP based
customer endpoint device (e.g., an IP phone) or the like. The access networks 236
and 238 may comprise any of the packet-based, access networks detailed above
(e.g., DSL/Cable, LAN, etc).

[0021] Similarly, an endpoint device 232 is configured for communication with the
core TDM network 230 via an access network 236 and one or more edge routers
240. An endpoint device 234 is configured for communication with the core TDM
network 230 via an access network 238 and one or more edge routers 242. In one
embodiment, the endpoint devices 232 and 234 comprise TDM customer endpoint

6
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devices (e.g., a PSTN compatible phone) or the like. The access networks 204 and
210 may comprise any TDM access network, such as a PSTN or the like.

[0022] In one embodiment of the present invention, the server 214 comprises a
dedicated application server that is configured to obtain performance data from a
variety of network components in the IP and TDM networks. In addition, the
application server 214 may be programmed to determine a first set of cost factors
associated with the TDM based network components as well as a second set of cost
factors associated with the IP based network components that reside in the service
provider's communication network. For example, the application server 214 may be
configured to request or passively receive performance data from all of the network
components in the IP network 110 and TDM network 230. In one embodiment, the
performance data may be obtéined from call detail records (CDRs) generated by the
network elements. In one embodiment, the performance data may include the
number of different customers that are supported by a specific network element.
Similarly, performance data may detail the number of calls handled by a network
element in a given time period. This type of performance related information is
ultimately helpful for determining the cost factors for both the TDM network elements
and the IP based network elements residing in the network.

[0023] After receiving the performance data, the application server 214 is capable of
calculating a cost index for each network element. Notably, each respective network
comprises a plurality of various network elements. By initially determining an
individual cost index for each of the elements within the two networks, the application
server 214 is subsequently able to derive a collective cost index for each respective
network. This analysis may be conducted at any time by a network operator or upon

a predefined condition (e.g., at the time of a network component failure).

[0024] In one embodiment, the application server 214 calculates the cost index of a
network element by using a number of cost factors, performance data, and a cost
index formula. Namely, the application server 214 may utilize a number of cost
factors associated with the corresponding network element including, but not limited

to, an initial deployment cost (DC), an installation cost (IC), an associated mean time

7
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between failures (MTBF), an operational cost (OC), a maintenance cost (MC), and
other like factors related to the network element. These factors may be used as
input parameters for an equation formulated to ascertain a cost index number of a
network element. For example, the following formula may be used:

Cost Index = [(1/MTBF)*(DC+IC) + OC + MCJ/(CN) Eqn. 1

where DC, IC, OC, and MC are dollar cost amounts, MTBF represents the number of
years between (predicted) component failures, and CN may represent the number of
~ calls received per minute, the number of customers using the network, or some other
indication of network utilization. In one embodiment, the costs factor parameters are

provided to the application server 214 by a network operator.

[0025] In one embodiment, suppose a given network element (e.g.,' a BE) is
characterized by having an initial deployment cost (e.g., purchase cost) of $250,000,
an installation cost of $1000, an operational cost of $1500 per year, a maintenance
cost of $400 per year, and a MTBF of 5 years. Moreover, the network element is
found to service 2500 calls per minute. Consequently, the calculated index for the
network element using Eqgn. 1 is found to be 20.84 (e.g., [50200+1500+400)/2500).
The application server 214 may also use the same procedure to determine the index

value for all of the remaining network elements (e.g., CCE, router, etc.).

[0026] Once the indexes for the different network component types are determined,
the collective network index may be ascertained. In one embodiment, all the
calculated cost indexes of the network elements in the network are averaged
together to determine the collective index of the network. For example, suppose an
IP network comprises two CCEs with cost indexes of 33.5 and 36.9, and six BEs with
cost indexes of 28.4, 27.3, 29.0, 28.8, 32.4, and 31.7. In one embodiment, the
collective cost index for this network is 31.0 (i.e.,
[33.5+36.9+28.4+27.3+29.0+28.8+32.4+31.7)/8).

[00271 In one embodiment, the present invention may be used to determine the
appropriate point in time to stop or slow investment in legacy equipment (e.g., TDM

equipment) and infrastructure. For example, a collective index number for the TDM

8
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network 230 may be determined in the manner described above and compared to a
collective index number associated with the IP core network by the application server
214. If the index number for the IP network is less than the index number
corresponding to the TDM network, the application server 214 arrives to the
conclusion that the service provider should not continue to invest in legacy TDM
equipmentl. Conversely, if the TDM index is found to be less than the IP network,
then the application server 214 will recommend that it may still be feasible to
continue investing (e.g., allotting network resources) in the TDM network by

replacing or purchasing a new TDM component.

[0028] FIG. 3 is a flow diagram depicting an exemplary embodiment of a method 300
for calculating a cost index in a communication network in accordance with one or
more aspects of the invention. The method 300 méy be performed by the
application server 214. The method 300 begins at step 302 and prdceeds to step
304, where a plurality of cost factors associated with each of a first set of network

elements and a second set of network elements are obtained.

[0029] At step 306, a first cost index based on the plurality of cost factors associated
with the first set of network element is determined. At step 308, a second cost index
based on the plurality of cost factors associated with the second set of network
element is determined. At step 310, the first cost index and the second factor cost
index are compared to determine a point in time when a service provider should
minimize new investment in the first set of network elements. In one embodiment,
an alarm is generated as a notification when the first cost index (e.g., IP cost index)

is less than the second cost index (e.g., TDM cost index).

[0o30] In another embodiment, the alarm may be generated only if the TDM cost
index exceeds the IP cost index by a predefined threshold. This embodiment may
be more practical in scenarios where it is not feasible to make a move to an IP based
network when there is no significant benefit to do so (i.e., it is not worth reconfiguring
the system when cost indexes are nearly identical). For example, it is only after the
TDM cost index considerably exceeds (e.g., 10% or more) the IP cost index that

continuous investment in IP equipment may be warranted. For example, suppose

9
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the application server 214 determines that the TDM cost index is 33.0 and the IP
cost index is 31.0. Since 33.0 does not exceed 31.0 by more than 10% (e.g., the
TDM index would need to be greater than 34.1), an alarm would not be generated in

this instance.
[0031] At step 312, the method 300 ends.

[0032] FIG. 4 depicts a high level block diagram of a general purpose computer
suitable for use in performing the functions described herein. As depicted in FIG. 4,
the system 400 comprises a processor element 402 (e.g., a CPU), a memory 404,
e.g., random access memory (RAM) and/or read only memory (ROM), a module 405
for calculating a cost index, and various input/output devices 406 (e.g., storage
devices, including but not limited to, a tape drive, a floppy drive, a hard disk drive or
a compact disk drive, a receiver, a transmitter, a speaker, a display, a speech
synthesizer, an output port, and a user input device (such as a keyboard, a keypad,

a mouse, and the like)).

[0033] It should be noted that the present invention can be implemented in software
and/or in a combination of software and hardware, e.g., using application specific
integrated circuits (ASICs), a general purpose computer or any other hardware
equivalents. In one embodiment, the present module or process 405 for calculating
a cost index can be loaded into memory 404 and executed by processor 402 to
implement the functions as discussed above. As such, the present process 405 for
calculating a cost index (including associated data structures) of the present
invention can be stored on a computer readable medium or carrier, e.g., RAM

memory, magnetic or optical drive or diskette and the like.

{0034] While various embodiments have been described above, it should be
understood that they have been presented by way of example only, and not
limitation. Thus, the breadth and scope of a preferred embodiment should not be
limited by any of the above-described exemplary embodiments, but should be

defined only in accordance with the following claims and their equivalents..

10
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Claims:

1. A method for calculating a cost index in a communication network,
comprising:

obtaining a plurality of first cost factors associated with a first set of network
elements;

obtaining a plurality of second cost factors associated with a second set of
network elements;

determining a first cost index based on said plurality of first cost factors
associated with said first set of network elements;

determining a second cost index based on said plurality of second cost
factors associated with said second set of network elements; and

comparing said first cost index to said second cost index to determine a point
in time when a service provider should minimize new investment in said first set of

network elements.

2. The method of claim 1, wherein the communication network comprises at
least one of: an Internet Protocol (IP) network and a time division multiplexed (TDM)

network.

3. The method of claim 2, wherein said IP network comprises a voice-over

internet protocol (VolP) network or a services-over internet protocol (SolP) network.

4. The method of claim 1, wherein said first set of network elements comprises

time division multiplexed (TDM) based network components.

5. The method of claim 1, wherein said second set of network elements

comprises Internet Protocol (IP) based network components.

6. The method of claim 1, wherein said first and second cost indexes are

determined by:
11
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Cost Index = [(1/MTBF)*(DC+IC) + OC + MCJ/(CN)

where MTBF represents a mean time between failures, DC represents a deployment
cost, IC represents an installation cost, OC represents a maintenance cost, and CN

represents a network usage indicator.

7. The method of claim 1, wherein said first set of network elements are part of
a time division multiplexed (TDM) network and said second set of network elements

are part of an Internet Protocol (IP) network.

8. A computer readable medium having stored thereon instructions that, when
executed by a processor, causes the processor to perform a method for calculating
a cost index in a communication network, comprising:

obtaining a plurality of first cost factors associated with a first set of network
elements; ‘

obtaining a plurality of second cost factors associated with a second set of
network elements;

determining a first cost index based on said plurality of first cost factors
associated with said first set of network elements;

determining a second cost index based on said plurality of second cost
factors associated with said second set of network elements; and

comparing said first cost index to said second cost index to determine a point
in time when a service provider should minimize new investment in said first set of

network elements.
9. The computer readable medium of claim 8, wherein the communication

network comprises at least one of: an Internet Protocol (IP) network and a time
division multiplexed (TDM) network.

12
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10.  The computer readable medium of claim 9, wherein said |P network
comprises a voice-over internet protocol (VolP) network or a services-over internet

protocol (SolP) network.

11.  The computer readable medium of claim 8, wherein said first set of network

elements comprises time division multiplexed (TDM) based network components.

12 The computer readable medium of claim 8, wherein said second set of

network elements comprises Internet Protocol (IP) based network components.

13.  The computer readable medium of claim 8, wherein said first and second cost

indexes are determined by:
Cost Index = [(1/MTBF)*(DC+IC) + OC + MCJ/(CN)

where MTBF represents a mean time between failures, DC represents a deployment
cost, IC represents an installation cost, OC represents a maintenance cost, and CN

represents a network usage indicator.

14.  The computer readable medium of claim 8, wherein said first set of network
elements are part of a time division multiplexed (TDM) network and said second set

of network elements are part of an Intermet Protocol (IP) network.

15.  An apparatus for calculating a cost index in a communication network,
comprising:

means for obtaining a plurality of first cost factors associated with a first set of
network elements;

means for obtaining a plurality of second cost factors associated with a
second set of network elements;

means for determining a first cost index based on said plurality of first cost
factors associated with said first set of network elements;

13
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means for determining a second cost index based on said plurality of second
cost factors associated with said second set of network elements; and

means for comparing said first cost index to said second cost index to
determine a point in time when a service provider should minimize new investment

in said first set of network elements.

16.  The apparatus of claim 15, wherein the communication network comprises at
least one of: an Internet Protocol (IP) network and a time division multiplexed (TDM)

network.

17.  The apparatus of claim 16, wherein said IP network comprises a voice-over

internet protocol (VolP) network or a services-over internet protocol (SolP) network.

18.  The apparatus of claim 15, wherein said first set of network elements

comprises time division multiplexed (TDM) based network components.

19. The apparatus of claim 15, wherein said second set of network elements

comprises Internet Protocol (IP) based network components.

20. The apparatus of claim 15, wherein said first and second cost indexes are

determined by:
Cost Index = [(1/MTBF)*(DC+IC) + OC + MCY/(CN)
where MTBF represents a mean time between failures, DC represents a deployment

cost, IC represents an installation cost, OC represents a maintenance cost, and CN

represents a network usage indicator.

14
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FIG. 3 34
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