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8\ —| Collect Design Input Parameters |

Fig. 2

l

Determine Average Downtime | —12
For Each Component / Subsystem

J

Assess Average Downtime for
Each Site Comprised of one or 14

More Components(s) / Subsystem(s)

!

Determine the Percentage of 16
Traffic Flow Based on a COI [
Matrix

l

Use Percentage of Traffic Flow as
a Weighting Factor for the Annual 18
Downtime Due to Expected Outages __/
Within a Site and the Transport
Network to Determine Contributed
Downtime

l

Sum Contributed Downtimes of 20
Each Component / Subsystem, __/
Divided by the Number of Time
Periods Within a Year, and
Subtract from "1" to Determine
the Full System Availability
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1
TRAFFIC BASED AVAILABILITY ANALYSIS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefits under 35 U.S.C. §119
of U.S. Provisional Patent Application Ser. No. 60/615,352,
filed on Sep. 30, 2004 entitled “TRAFFIC-BASED AVAIL-
ABILITY ANALYSIS”, which is incorporated by reference
in its entirety herein.

Cross reference is made to U.S. patent application Ser. No.
10/944,069, filed on Sep. 16, 2004 entitled “PROCEDURAL
XML-BASED TELEPHONY TRAFFIC FLOW ANALYSIS
AND CONFIGURATION TOOL”, which is incorporated in
its entirety herein by reference.

FIELD OF THE INVENTION

The invention relates generally to telecommunications sys-
tems and particularly to traffic-based availability analysis of
telecommunications systems.

BACKGROUND OF THE INVENTION

As enterprises accelerate their migration from traditional
circuit switched telephony services to Internet Protocol (IP)
Telephony solutions, a major consideration is their ongoing
concern as to the potential reliability of the proposed IP voice
services versus that of their current infrastructure. Indeed, in
many call center environments, the potential cost of down-
time is often greater than the implied benefits of migrating to
IP Telephony. As such, it is often crucial for an enterprise
system to meet a certain level of availability (e.g., 99.99%
available) for the entire enterprise system or for at least one or
more site(s) or subsystem(s) of the system.

The availability of a switching system is traditionally
defined as the probability (i.e., percentage of up time) of the
time that the system is operational. The availability is gener-
ally calculated from an end-user’s perspective and does not
necessarily reflect the frequency of individual component
failures or required maintenance where they do not affect the
availability of the overall system to an end-user. The telecom-
munications industry requires a high degree of rigor, structure
and methodologies for determining whether a device or ser-
vice is operational. The availability of critical components
(i.e., critical to call processing) of an IP Telephony system,
such as supporting hardware, software and the underlying
data network infrastructure is analyzed first. Then, the total
system availability is calculated based on the availability of
all the components.

The Telecordia (Bellcore) GR-512 Reliability Model
requirements for telecommunications equipment, for
example, provide one industry standard for determining criti-
cal outages and downtime. In this model, the data required for
predicting system availability is limited to unplanned outage
frequency and downtime experienced by service interruption.
Potential outages include Reportable Outages, Outage
Downtime Performance Measure and Downtime Measure for
Partial Outages. A Reportable Outage comprises an event that
includes total loss of origination and termination capability in
all switch terminations for at least a 30 second period (unin-
terrupted duration). An Outage Downtime Performance Mea-
sure comprises “the expected long-term average sum, over
one operating year, of the time durations of events that pre-
vent a user from requesting or receiving services. A failure
that causes service interruption contributes to the Outage
Downtime of that service. Outage Downtime is usually
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2

expressed in terms of minutes of outage per year.” A Down-
time Measure for Partial Outages is a Weighted Downtime
Performance Measure. “The actual time duration of a partial
outage is weighted by the fraction of switch terminations
affected by the outage condition.”

Thus, the availability of a critical component or subsystem
(i.e., critical to call processing) is typically described by the
following formula:

Availability=(MTBF-MTTR)/MTBF

where MTBF represents a Mean Time Between Failure and
MTTR represents Mean Time To Recovery/Repair, which
corresponds to the time to diagnose, respond and restore
service. This equation is also presented in industry literature
as the following:

Availability=(MTTF)/(MTTF+MTTR)

where MTTF is defined as a Mean Time to Failure, and
equates to (MTBF-MTTR).

Using these formulas, the estimated average annual min-
utes of downtime experienced due to a critical component or
a subsystem failure can be expressed as the following:

Annual Downtime Minutes=(1-Availability)x (525960
minutes/year),

where the 525960 minutes per year is based upon assuming
365.25 days per year.

For projecting an enterprise’s total system availability, the
sum of the annual downtime from each of the subsystems or
individual critical components (i.e., those components criti-
cal to call processing) is calculated, and the system availabil-
ity is estimated by this sum. Thus, the Total System Availabil-
ity can be estimated by the following formula:

Total System Availability=

Z [ith Subsystem Annual Minute Downtime]
1—
525960 Minutes/Year

Where downtime affects only a portion of an enterprise’s
system, the downtime is weighted due to the portion of the
system that is affected by the outage. As described above, the
calculation of the Downtime Measure for Partial Outages
involves weighting the actual time duration of the outage by
the fraction of the total switch terminations affected by the
outage condition. Thus, this calculation assumes an equal
distribution of traffic across the enterprise system’s switch
terminations. In reality, however, traffic patterns in a telecom-
munications system can vary widely. A call center, for
example, may handle traffic levels orders of magnitude higher
than the traffic of another site, such as a branch site of the
telecommunications system. In such a network, the assump-
tion of an equal distribution of traffic fails to accurately rep-
resent the actual distribution of traffic on the system and thus
fails to accurately assess the system availability.

Thus, in predicting the availability of a telecommunica-
tions system, it would be desirable to account for the traffic
distribution across that system.

SUMMARY OF THE INVENTION

These and other needs are addressed by the embodiments
of the present invention. The present invention is generally
directed to a system and method for predicting downtime
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and/or availability of a communications system or subsystem,
which considers traffic flow or volume.

In one embodiment of the present invention, a method for
analyzing an availability of part or all of a communications
network is provided.

The network includes a set of network components that is
further divided into first and second subsets. Each of the first
and second subsets includes a plurality of different compo-
nents in the network component set. As will be appreciated, a
telecommunications system can be characterized as a set of
telecommunications components, such as Local Area Net-
work(s) or LAN(’s), media server(s), media gateway(s), rout-
er(s), switch(es), IP hardphone(s), IP softphone(s), tele-
phones, router(s), digital signal processor(s), time division
multiplexed slot(s), time division multiplex bus(es), trunk(s),
port(s), codec(s), transport network(s), control network(s),
port network(s) and the like. A system is typically defined by
a communications network, and a subsystem is a defined
subset of the set of devices in the communications network.
Typically, each subset in the system is located within and/or is
otherwise associated with a defined geographical area, such
as a site, a branch office, and the like.

The method includes the steps of:

(a) determining a first (e.g., intra-subset) traffic flow
exchanged between first and second component (e.g., end-
point) groupings in the first subset, the first traffic flow being
a first percentage of a total traffic flow in the communications
network;

(b) for a plurality of first subset members involved in the
first traffic flow, determining a corresponding downtime;

(c) determining a total of the downtimes corresponding to
the plurality of first subset members;

(d) multiplying the total of the downtimes by the first traffic
flow percentage to provide a first traffic-weighted total down-
time for the first subset; and

(e) determining an availability of the first subset for the first
traffic flow based on the first traffic-weighted total downtime.

The method is an analytical approach for projecting the
availability of the communication system’s IP telephony
solution by examining the characteristics of the critical com-
ponents of the telephony system and the traffic handled by the
components. The availability projection will assist with
designing a configuration that will meet the enterprise’s reli-
ability expectations. This approach enables availability mod-
eling analysis specifically for each individual enterprise
according to the enterprise’s IP telephony configuration and
the generated telephony traffic within each site, between sites,
and the traffic generated on the intermediate data network(s).

Traffic is important to consider for at least two reasons.
First, failure in a system, and as a result, the downtime expe-
rienced by end users are commonly traffic dependent; in other
words, the more traffic a subsystem or a system handles the
higher the impact of a failure on service interruption. Second,
consideration of traffic volume permits a more accurate
assessment of the impact on the network when a failure
occurs. In other words, the rerouting of the traffic may not
only cause traffic requirements to be unmet but also place a
greater burden on other communication components and
cause the components to have a greater failure rate/downtime
and/or to be capacity exceeded. The present invention can
consider the availability/downtime effects from traffic flow
rerouting.

The present invention can have a number of advantages in
addition to those noted above. For example, the present inven-
tion can model traffic flows for availability analysis not only
in simple but also in complex geographically distributed net-
works. Traffic generated at the headquarters of a distributed
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enterprise network is commonly much higher than traffic at a
branch office, which serves mainly local intra-site telephony
activities. Predicting the availability of the system based on
the traffic usage can assist in designing a customized, mini-
mum-required redundancy configuration to minimize outage
minutes in areas experiencing high traffic usage rates, while
reducing the likelihood that the degree of system redundancy
will be over- or under-engineered due to a failure to appreci-
ate traffic flow patterns and volumes. This ability provides the
option of optimizing system redundancy where it is most
needed. In computing the critical component or subsystem
downtime, the present invention can also consider conven-
tional and reliable analytical parameters, such as Mean Time
Between Outages/Failure (MTBO/MTBF) and Mean Time to
Recover/Restore (MTTR) service, and the algorithms noted
above.

As used herein, “at least one . . . and”, “at least one . . . or”,
“one ormore of . . . and”, “one or more of . . . or”, and “and/or”
are open-ended expressions that are both conjunctive and
disjunctive in operation. For example, each of the expressions
“at least one of A, B and C”, “at least one of A, B, or C”, “one
ormore of A, B, and C”, “one or more of A, B, or C”” and “A,
B, and/or C” means A alone, B alone, C alone, A and B
together, A and C together, B and C together, and A, B and C
together.

The above-described embodiments and configurations are
neither complete nor exhaustive. As will be appreciated, other
embodiments of the invention are possible utilizing, alone or
in combination, one or more of the features set forth above or
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of an embodiment of a
system for predicting the availability of an IP telephony net-
work;

FIG. 2 shows a flow diagram of an embodiment of a pro-
cess for predicting an availability of an IP telephony network
that may be used within the availability prediction tool of
FIG. 1,

FIG. 3 shows ablock diagram of a network configuration in
which duplex servers can be configured to operate in an
active/standby mode;

FIG. 4 shows a Markov state transition diagram for assess-
ing a duplex server MTBF for the network configuration
shown in FIG. 3;

FIG. 5 shows a block diagram of an exemplary single-site
IP telephony network that may be analyzed to predict the
availability of the network according to the present invention;

FIG. 6 shows a block diagram of another exemplary geo-
graphically distributed IP telephony network that may be
analyzed to predict the availability of the network according
to the present invention;

FIG. 7 shows a block diagram of yet another exemplary
geographically distributed IP telephony network that may be
analyzed to predict the availability of the network according
to the present invention;

FIG. 8 shows a block diagram of another exemplary geo-
graphically distributed IP telephony network that may be
analyzed to predict the availability of the network according
to the present invention; and

FIG. 9 shows a block diagram of yet another exemplary
geographically distributed IP telephony network that may be
analyzed to predict the availability of the network according
to the present invention.
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DETAILED DESCRIPTION

The Availability Predictive Architecture

FIG. 1 shows a block diagram of an embodiment of an
availability prediction system 100 comprising an availability
prediction tool 102 that utilizes traffic information in a pre-
diction of availability of a telecommunications system or a
subsystem thereof.

As shown in FIG. 1, the availability prediction tool 102
receives various inputs such as an (enterprise) availability
expectation 104, critical components (i.e., components criti-
cal to call processing) and requirements data 106 for the
telecommunication system, IP transport network require-
ments 108, and traffic flow information 110.

The availability expectation 104, for example, may be
received from an enterprise, may be imposed by an industry
standard, or the like. Typically, an enterprise has an availabil-
ity expectation for the system in which the system must be
available. For example, the enterprise may require an overall
availability of 99.9%, 99.99%, 99.999% or the like for the
telecommunications system or may require a particular avail-
ability for one or more individual site(s) of the system.

The critical components and requirements data 106 for the
telecommunication system may be determined based on his-
torical information, may be provided by a component manu-
facturer or, as shown in FIG. 1, may be determined from a
traffic engineering tool 112. One embodiment of such a traffic
engineering tool 112, for example, is described in U.S. patent
application Ser. No. 10/944,069 entitled “Procedural XML.-
Based Telephony Traffic Flow Analysis and Configuration
Tool” and filed on Sep. 16,2004, which was previously incor-
porated by reference. Exemplary critical components and
requirements information includes, for each component type
(e.g., media server, gateway, port network, IP circuit pack,
and the like), the number of components and component
requirements necessary to handle the corresponding pro-
jected bulk traffic flow.

The traffic engineering tool 112 described in the co-pend-
ing application includes a performance modeling and design
tool for telecommunications systems, particularly involving
IP traffic. The traffic engineering tool 112 determines bulk
traffic flows between subsets of components in the telecom-
munications system. The tool determines bulk traffic flows by
identifying communities of interest of components according
to defined rules/policies; logically characterizes the network
according to a defined model, such as a hierarchical or wire
model; based on selected rules such as the Uniform Distribu-
tion Model flows bulk traffic through the logical character-
ization of the network and aggregates traffic at selected
points/nodes in the network (which effectively populates a
Community of Interest or COI matrix); and, using the accu-
mulated traffic flows at selected nodes and the desired quality
or grade of service and suitable mathematical equations,
determines recommended resource requirements (e.g., com-
ponent requirements). The communities of interest can be
grouped by physical and/or network location and/or type of
endpoint (e.g., circuit- or packet-switched). Typically, the
COIl matrix provides traffic usage rate according to a number
of sites, number of users and user’s traffic characteristics.

The availability prediction tool 102 also receives IP trans-
port network requirements 108, which reflect the types of
traffic loads (e.g., realtime loads such as VoIP traffic, non-
realtime loads such as instant messaging, email, and traffic
having noncommunication data payloads, and the like) on the
differing IP data networks (e.g., LAN and WAN network
components). These requirements, for example, may be
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6

received from the enterprise currently operating an IP data
network (e.g., based on historical data or load predictions for
the IP data network). Examples of such requirements include
network topology, network components and protocols, which
provide high performance and fast convergence following a
device or link failure, Quality of Service or QoS metrics, such
as jitter and packet loss, for voice communications. Other
types of traffic have the same and/or other differing transmis-
sion requirements.

Finally, the availability prediction tool 102 receives traffic
flow information 110. The traffic flow information 110, in the
embodiment shown in FIG. 1, is commonly received from the
traffic engineering tool 112. The traffic flow information 110
may alternatively or additionally be determined from moni-
toring actual usage or from historical traffic data or via any
other method of collecting traffic flow information known in
the art.

Inthe embodiment shown in FIG. 1, for example, the traffic
engineering tool 112 receives traffic description information
114 and existing network and constraints information 116 for
the system. The traffic engineering tool 112 determines traffic
flow information 110 (e.g., a Community of Interest (COI)
table) and major components and requirements data 106 for
the telecommunications system.

In the embodiment of FIG. 1, the major components and
requirements data 106 is mapped to a component-specific
availability table or database 118, and the IP transport net-
work requirements data is mapped to a transport network
availability table or database 120. The outputs of the mapping
operations are provided to the availability prediction tool 102.
The information in the availability tables includes availability
information, such as Mean Time Between Failures or MTBFE,
Mean Time to Recover/Repair or MTTR, Mean Time to Fail-
ure or MTTEF, Failure in Time Rate or FIT, Mean Time
between Outages or MTBO, failure rate, reportable outage(s),
outage downtime measure(s), downtime measure for partial
outage(s), and/or other availability or reliability information
for various types of components and/or networks. This infor-
mation is typically collected over long periods through expe-
rience.

The availability prediction tool 102 receives input infor-
mation and uses the information to predict an availability for
an entire enterprise system or for one or more subsystem(s) of
the enterprise system.

The Operation of the Architecture

FIG. 2, for example, shows a flow diagram of one embodi-
ment of a method 8 utilized by the availability prediction tool
102 for determining a traffic-based availability of a telecom-
munications system. As shown in FIG. 2, design input param-
eters (the various inputs described above) are collected in
operation 10.

In operation 12, an average downtime is determined over a
selected time period (e.g., in minutes per hour or minutes per
year) due to an outage of a component, network, or subsystem
thereof by a suitable technique, such as using MTBF/MTBO
and MTTR data for each component of the network and
conventional mathematical equations, including those
described above. The average downtime may comprise a ratio
of'a unit of time to a unit of time, such as minutes per hour or
minutes per year. Although conventional MTBF/MTBO and
MTTR analyses may be used within the scope of the inven-
tion, other analysis methods may also be used.

In one configuration, for example, the availability of a
component can be expressed by the following formula: Avail-
ability=(MTBF-MTTR)MTBF, where MTBF represents
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Mean Time Between Failures and MTTR represents Mean
Time To Recover/Repair. MTTR corresponds to the time
required to diagnose, respond and resume service. Alterna-
tively, the availability of the component may also be
expressed, as known in the art, by the following formula:
Availability=(MTTF)/(MTTF+MTTR), where MTTF repre-
sents the Mean Time To Failure and corresponds to (MTBF-
MTTR). Using the first equation, the estimated average
annual minutes of downtime experienced due to failure of the
component can be expressed as follows:

Annual Downtime Minutes=(1-Availability)x (525960
minutes per year),

where the 52690 minutes per year is based upon assuming
365.25 days in a year. Alternatively, to determine the down-
time in minutes per hour, the formula may be (1-Availabil-
ity)x(60 minutes per hour).

In one configuration, Mean Time Between Failure (MTBF)
and Failure In Time (FIT) rate data (e.g., FIT in one hour=1/
MTBF) ofindividual components or subsystems are based on
the Telecordia recommended “Part Count Method.” This
method predicts a component (e.g., circuit pack) failure rate
by summing failure rates of all the devices on the component.
See, e.g., Telecordia (Bellcore) GR-512, Requirement R3-1,
Hardware Reliability Modeling Methods, Section 3.1. When
extended field performance data is available for a component
or subsystem (typically based upon a review of two (2) years
of marketplace performance in a variety of settings for
numerous enterprises), a statistical estimate based on com-
bining the empirical data and predicted data of the Part Count
Method is used for the component or subsystem MTBE.

For measuring the failure rate of the components that are
working in parallel, either in standby/active mode or active/
active mode, a Markov Chain Model (also known as a State-
Space Model) can be used. A state-transition diagram of the
Markov model displays the possible combinations of “up”
and “down” states for each component. Evaluation of the
model along with the failure rates and repair/recovery leads to
an estimation of steady-state probabilities and failure rates.

FIG. 3, for example, shows an embodiment of a network
configuration 30 in which duplex servers 32 and 34, which
can be configured to operate in an active/standby mode. In
one embodiment, for example, the servers 32 and 34 may
comprise duplex Avaya S8700 Media Servers. FIG. 4 further
shows a Markov state-transition diagram for the network
configuration 30 shown in FIG. 3. InFIG. 4, State 2 represents
both servers operating. State 1 represents one of the two
servers operating, and State 0 represents neither of the servers
operating. The parameter A represents the average failure rate
expressed in failures per hour (A\=FIT in an hour=1/MTBF) of
an individual server. The parameter 1 represents the average
repair rate expressed in repairs per hour of an individual
server, and it is reciprocal of MTTR (u=1/MTTR). A critical
outage occurs when both servers 32 and 34 are down, and thus
the failure arrival rate for the network 34 as a whole is the rate
at which transitions from State 1 to State 0 occur. This failure
rate is calculated according to the following formula: F=Ax
P,, wherein P, is the probability of being in State 1 and is
defined as: P,=(2xAxp)/(u>+2xAxp+A2).

The following table shows the result of a calculation of a
failure for the network configuration 30 in which the servers
32 and 34 comprise duplex Avaya Inc.’s S8700 servers oper-
ating in active/standby mode. As shown in Table 1, the Mean
Time Between Failure (MTBF) of the two servers operating
in active/standby mode is shown in Hours. In order to assess
this number for this example, a 4 hour Mean Time To Repair
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(MTTR) is assumed. According to the Telcordia GR-512
Core, an Equipment Service Restoral Time will take approxi-
mately a total of three (3) hours of service restoral time for
attended sites (those with onsite technical resources), and
four (4) hours of service restoral time for unattended sites
(those sites to which technical resources must be summoned).

TABLE 1

Downtime perceived by enterprise due to redundancy

in an Avaya S8700 Duplex Server Complex
Component/ Component Annual Down-
Sub-System MTBF Availability time Minutes
Single S8700 52,815 hours 99.992% when 42 minutes
Media Server MTTR =4 hours

99.9999 + % when <=0.53
MTTR =4 hours minutes

Redundant S8700 3.487 x 108 hours
Media Servers

Where the network configuration 30 is implemented with
duplex servers 32 and 34 operating in an active/active mode
(e.g., Power Supply devices in an Avaya G650 Media Gate-
way), however, the Markov state-transition model changes. In
this scenario, upon the failure of one component, the parallel
component is required to carry twice the original load. This,
for example, may be estimated to correspond to an approxi-
mate doubling of the Failure rate. In this embodiment, the
increased failure rate may be captured by substituting 2. for
the failure transition rate from State 1 to State 0.

Returning again to FIG. 2, an average annual downtime
(e.g., in minutes) is next summed for each identified subset or
subcollection of components or subsystem in the enterprise
network in operation 14. In this operation, the average annual
downtime for each type of component is associated with the
subset or subsets in which the component is included. Stated
another way, for each component in each subset the respective
downtime is associated with that component in that subset.
The total average annual downtime for each subset is then
determined as the sum of the annual downtimes for all of the
members of the subset.

For each subset of components, a percentage of traffic flow
based on a COI matrix is calculated in operation 16. The
traffic flow for each subset of components includes the inter-
nal traffic between the components in the subset, the external
traffic between the components in the subset and components
in other subsets, and the traffic over intermediate networks.

In operation 18, the percentages calculated in operation 16
are used as weighting factors for the total annual downtimes
for each set. Operation 18 determines the contributed annual
downtime due to expected outages within a subset of compo-
nents and the transport network by multiplying the total
downtime for each subset by the appropriate percentage of
total enterprise traffic handled by components in that subset.

For example, consider a configuration with a remote media
gateway in a branch office generating approximately 10% of
the total enterprise traffic. Upon failure of the media gateway
serving the branch office, the contributed downtime of the
gateway being off-line to the total system downtime is esti-
mated as follows:

ith Subsystem Contributed Downtime=Remote Media
Gateway Downtimex(10%+10%x90%)

The weighting factor of 10% corresponds to the portion of
end users that will lose service due to a failure within the
media gateway, and the weighting factor of 10%x90% corre-
sponds to the rest of the enterprise end users not being able to
make calls that terminate into the failed media gateway in the
branch office. In one embodiment, as described below, the
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weighting factor(s) may be calculated using the COI matrix
determined by the traffic engineering tool 112.

In operation 20, the weighted or contributed downtimes of
each subset of components (or of each component/sub-
system) are summed to determine the total enterprise annual
downtime (e.g., in minutes) and divided by the number of
time units within a year to determine a downtime percentage
of annual operating. The downtime percentage is subtracted
from 1 to determine the full system or enterprise availability.
For example, the system or enterprise availability may be
determined using this following formula:

Total System Availability=

Z (ith Subsystem Annual Downtime Minutes) X (7;)
1—

525960 minutes per year

here T, comprises the traffic flow factor for the ith subsystem.
Further, the Total System Availability can also be represented
as:

Z (ith Subsystem Contributed Downtime Minutes)
1—

525960 minutes per year

where the Subsystem Contributed Downtime minutes repre-
sent the Subsystem Annual Downtime Minutes weighted by
the traffic factor T,. Alternatively, as described above, the
denominator of 52960 minutes per year may be replaced by
60 minutes per hour to determine the availability in terms of
minutes per hour.

When projecting the availability of a network (e.g., an IP
telephony system), both hardware and software downtime
contributions can be considered. Then, the impact of network
failure can also be estimated. In one embodiment, for
example, the full system availability may be assessed based
upon the sum of the downtime minutes experienced due to a
component or subsystem failure on a path from point A to
point B and the fraction of traffic of the overall system that
traverses that path.

Alternatively, the full system availability may be approxi-
mated by multiplying the individual availability calculated
for each component or subset of the system. This approach is
a simplification of the algorithm described above and results
in a close approximation of the full system availability. As
described above, an availability of each subset is calculated
by the following formula:

SD(j)

SubsetAvailabilin(j) =1 — 525060

where SD(j) represents the subset annual contributed
downtime minutes described above.

The products of the availabilities of N subsets is shown in
the following formulas:

Sd()) o

~ ] 1.5 5P
525960) ~ .
J=1

N
[ ] subseravaitavitiy j) = 55560

=1

+M
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-continued

ﬁ SubsetAvailabilingj) y — 41 — 3 DL =M
= 535960

J=1

where M represents the difference between the formula
described above and the approximation (i.e., the error intro-
duced by the approximation). The order of M is represented as
follows:

Max{SD()); j=1, N}]2

o) = 0( 325960

Since the numerator of the fraction is small relative to the
denominator, M comprises a very small positive number. An
example of a calculation using this approximation is shown
below with respect to Case Study IV of Example 2.

Finally, in operation 22, the result of operation 20 is com-
pared to the availability requirements for the proposed net-
work (e.g., an enterprise’s expectations or demands). If the
proposed network meets the availability requirements, the
proposed network may be selected (or identified as a viable
option). If the system fails to meet the availability expecta-
tions, the proposed network may be rejected or altered (e.g.,
through one or more added redundancies). If the system is
rejected, the method 8 may be re-iterated with a new network
or with an altered proposed network. In addition, where the
new network or the altered proposed network is significantly
changed in a manner that would alter the traffic flows of the
network, the network may also be re-analyzed by the traffic
engineering tool 112 to determine new data for the network
that is to be used in the availability prediction tool 102 in the
next iteration.

EXAMPLES
Example 1

FIG. 5 shows a first example of a telecommunications
system 200 for which the availability may be predicted
according to the present invention. In this example, the tele-
communications system 200 comprises a server 202. The
server 202 controls two port networks PN1 and PN2 through
a Control Local Area Network (Control LAN) 208 and, in the
example shown, includes an Avaya S8500_ Media Server,
although other telecommunications servers may be used. The
Control LAN 208 is connected to a first port network PN1 and
a second port network PN2. In this example, the first and
second port networks PN1 and PN2 each comprise an Avaya
G650_ Port Network, and the traffic flow comprises (Digital
Control Processor) DCP-DCP station-to-station traffic only.
The first port network PN1 includes 240 DCP stations, and
the second port network PN2 includes 480 DCP stations.

At the first site, a first port network PN1 includes an IP
Server Interface (IPSI) card 210, a first DCP card 212, a
second DCP card 214, and a voice over IP (VoIP) card 216.
The cards 210, 212, 214 and 216 are connected via a time
division multiplexing (TDM) bus 218 and a packet bus 220.
The DCP cards 212 and 214 are each connected to one or
more endpoints, such as telephones 222 and 224. The VoIP
card 216 is further connected to a network 230, such as an
enterprise local area network (LAN) or a wide area network
(WAN).
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At the second site, a second port network PN2 comprises
an [PSI card 240, a pair of DCP cards 242 and 244 and a VoIP
card 246. The cards 240, 242, 244 and 246 are connected via
a'TDM bus 248 and a packet bus 250. The DCP cards 242 and
244 are each connected to an endpoint, such as telephones
252 and 254. The VoIP card 246 is further connected to the
network 230 and, via the network 230, to the VoIP card 216 of
the first port network PN1.

In this example, an intra-port network call may be placed
from a first telephone 222 connected to the first DCP card 212
in the first port network PN1 to a second telephone 224
connected to the second DCP card 214. When the call is
placed from the first telephone 222, a control signal is sent via
the TDM bus 218 to the IPSI card 210. The IPSI card 210
communicates with the server 202 via the Control LAN 208.
The server 202 determines the location of the destination of
the call and, in the case of an intra-port network call, deter-
mines that the destination telephone 224 is connected to a
DCP card in the first port network PN1, such as the DCP card
214. The server 202 then instructs the destination telephone
224 to begin ringing via the Control LAN 208, IPSI card 210,
TDM bus 218 and the DCP card 214. The talk path is also
established from the source telephone 222 to the first DCP
card 212 to the TDM bus 218 to the second DCP card 214
from which it is connected to the destination telephone 224.

In an inter-port network call, the call is placed from a
source telephone 222 connected to the first port network PN1
to a destination telephone 254 connected to the second port
network PN2. As described above with respect to the intra-
port network call, a request for call set up is sent via the TDM
bus 218 to the IPSI card 210. The IPSI card 210 communi-
cates with the server 202 via the Control LAN 208. The server
202 determines the location of the destination telephone and,
in the case of an inter-port network call, determines that the
destination telephone 254 is connected to a DCP card in the
second port network PN2, such as the DCP card 244. The
server 202 then instructs the destination telephone 254 con-
nected to the second port network PN2 to begin ringing via
the Control LAN 208, the IPSI card 240, the TDM bus 248
and the DCP card 244 in the second port network PN2. A talk
path is also established from the source telephone 222 to the
first DCP card 212 to the TDM bus 218 to the VoIP card 216
to the network 230 to the second VoIP card 246 in the second
port network PN2 to the TDM bus 248 in the second port
network PN2 to a DCP card 244 from which it is connected to
the destination telephone 254.

To predict an availability for this system 200, the system
200 is analyzed by the traffic engineering tool (described in
application Ser. No. 10/944,069 filed on Sep. 16, 2004). The
output of the traffic engineering tool provides a COI matrix of
traffic flow information as shown in Table 2.

TABLE 2
Distribution of Traffic
(total generated traffic within the system = 199.98 Erlangs)
Port Network PN1 Port Network PN2
Port Network PN1 22.22 Erlangs 44.44 Erlangs
Port Network PN2 44.44 Erlangs 88.88 Erlangs

As shown in Table 2, the intra-port network traffic for the
first port network PN1 is predicted to be 22.22 Frlangs, and
the intra-port network traffic for the second port network PN2
is predicted to be 88.88 Erlangs. The inter-port network traffic
flow between the first port network PN1, and the second port
network PN2 is predicted to be 44.44 Erlangs. This traffic
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flow information corresponds to the “Traffic Flow Informa-
tion” 110 shown as an output of the traffic engineering tool
112 in FIG. 1.

The traffic engineering tool also provides a second set of
output information showing the components involved within
a call flow for the system 200. Table 3 shows the output of the
traffic engineering tool identifying the components involved
within intra-port and inter-port call flows for the system 200.

TABLE 3

Port Network PN1 Port Network PN2

Port Network  IPSI, Server, Control 2 x IPSI, Server, Control

PN1 LAN, 2 x DCP card, TDM  LAN, 2 x DCP card, 2 x
bus, Port Network support ~ TDM bus, 2 x VoIP, LAN,
components (e.g., fans and 2 x Port Network support
power supply) components (e.g., fans and

power supply)

Port Network 2 x IPSI, Server, Control IPSI, Server, Control

PN2 LAN, 2 x DCP card, 2 x LAN, 2 x DCP card, TDM
TDM bus, 2 x VoIP, LAN,  bus, Port Network support
2 x Port Network support components (e.g., fans and
components (e.g., fans and  power supply)
power supply)

Table 3 shows the components involved in a call flow for
intra-port network calls in the first port network PN1 and
intra-port network calls in the second port network PN2.
Table 3 further shows the components involved in a call flow
for an inter-port network call between the first and second
port networks PN1 and PN2. This data corresponds to the
“Major Components and Requirements” information 106
shown as an output to the traffic engineering tool 112 in FIG.
1. As shown in FIG. 1, this information is used in a mapping
step to identify component data, such as the MTBF/MTBO
and MTTR data, for the individual components identified as
impacting the call flow of the system 200. This MTBF/MTBO
and MTTR data is then used in operation 12 to determine the
average downtime minutes per hour for each component as
shown in Table 4.

TABLE 4
Average
Down-

Annual  time

Down-  Minutes
Compo-  MTBF Failure Availa- time per
nent (hrs) Rate (hrs) bility Minutes Hour
S8500 0.9999 52.6 0.006
Server
IPSI 306810 3.25935E-06  0.999987 6.8 0.0008
VoIP 701280 1.42596E-06  0.999994 3 0.0003
Card
DCP Cir- 672264.54 1.48751E-06  0.999994 3 0.0003
cuit Pack
Chassis 0.999981 10 0.001
Support
Compo-
nents

In addition to receiving inputs from the traffic engineering

tool 112, the embodiment of the availability prediction tool

102 shown in FIG. 1 further receives other input information.
For example, the availability prediction tool receives an avail-
ability expectation (e.g., from the enterprise or from an indus-
try standard) and a transport network availability. As shown in
FIG. 1, for example, the availability expectation is received
from an enterprise, which comprises a minimum level of
acceptable availability for the system 200.
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Transport network components and requirements are iden-
tified from the enterprise’s transport network. The enter-
prise’s transport network, for example, may comprise a LAN,
a WAN, the Internet and/or any other network for carrying
traffic. The transport network components and requirements
identified for the particular transport network 230. In the
embodiment shown in FIG. 1, for example, the transport
network components and requirements are mapped to a table
to obtain a transport network availability as known in the art.
The transport network availability is determined based upon
the availability of the components as well as other availability
considerations. Where a WAN of an Internet service provider
(ISP) is used for the transport network 230, for example, the
availability of the transport network 230 may be received
from the ISP. The availability of the transport network may
also be determined from historical data and/or predicted
according to known network availability determinations. For
the purposes of this example, the transport network availabil-
ity is assumed to be 99.995% for the Control LAN 208 and
99.9% for the transport network 230.

The average annual downtime minutes is then be deter-
mined for the subsets of network components in operation 14.
The subsets of network components are port network 1 or
PN1 (which corresponds to a first site) and port network 2 or
PN2 (which corresponds to a second site). Since, in this
example, the traffic usage rate is given as the average gener-
ated traffic per busy hour, the annual downtime minutes for
each component/subsystem is converted to downtime min-
utes per hour by dividing each number by 8766, the number of
hours in a year (assuming 365.25 days per year). As described
with reference to operation 16 of FIG. 2, the percentage of
intra-site, inter-site, and over the data network traffic is cal-
culated based on the traffic flow of the COI matrix shown
above in Table 2, which in this embodiment was received
from the traffic engineering tool 112. For intra-port network
calls within the first port network PN1, the following formula
may be used to determine the down time in minutes/hour:

Downtime Minutes/Hour=[IPSI Down Time+Server
Down Time+Control LAN Down Time+2xDCP
Down Time+TDM Bus Down Time+PN Support

Components Down Time]x(22.22/199.98)
Erlangs=0.001295 min/hr.

In this formula, the Down Time values for the individual
components are found in column 6 of Table 4 (“Average
Downtime Minutes/Hour”). Based on this down time calcu-
lation, the availability of the system 200 for intra-port net-
work calls within the first port network PN1 is calculated by
the following:

Availability=1-(0.001295/60)=0.999978, or
99.9978%.

For the intra-port network calls within the second port
network PN2, the following formula may be used to deter-
mine the down time in minutes/hour:

Downtime Minutes/Hour=[IPSI Down Time+Server
Down Time+Control LAN Down Time+2xDCP
Down Time+TDM Down Time+PN Support

Components Down Time]x(88.88/199.98)
Erlangs=0.004664 min/hr.

Again, the Down Time values for the individual compo-
nents are found in column 6 of Table 4 (“Average Downtime
Minutes/Hour”). Based on this down time calculation, the
availability of the system 4 for intra-port network calls within
the second port network PN2 is calculated by the following:

Availability=1-(0.004664/60)=0.99992 or 99.9922%.

Finally, the availability of the system for inter-port network
calls between the first and second port networks PN1 and PN2
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is calculated (operation 18) by using the following formula to
determine the down time in minutes/hour:

Downtime Minutes/Hour=[2xIPSI Down Time+
Server Down Time+Control LAN Down Time+
2xDCP Down Time+2xTDM Bus Down Time+
2xVoIP Down Time+Network Down Time+2x
PN Support Components Down Time]x(2x44.44/
199.98) Erlangs=0.009012 min/hr.

Again, the Down Time values for the individual compo-
nents are found in column 6 of Table 4 (“Average Downtime
Minutes/Hour”). Based on this down time calculation, the
availability of the system 200 for inter-port network calls
between the first and second port networks PN1 and PN2 is
calculated (operation 18) by the following:

Availability=1-(0.009012/60)=0.99985 or 99.985%.

For a site availability calculation, it is assumed that a site
must be able to make and receive calls (both intra-site and
inter-site) to be available. In this example, the site availability
for each site is calculated as follows.

Site 1 (first port network PN1)=1-[(0.001295+
0.009012)/60]=0.99982 or 99.982%

Site 2 (second port network PN2)=1-[(0.004664+
0.009012)]=0.999772 or 99.9772%

For the full system availability (operation 20), the Full
System  Availability=1-[(0.001295+0.004664+0.009012)/
60]=0.99975 or 99.975%.

Example 2

FIG. 6 shows a first example of a geographically distrib-
uted network 300. As shown in FIG. 6, an Avaya S8700_
IP-Connect System has a pair of S§700 media servers 302 and
304, and a pair of port networks 306 and 308 (e.g., two Avaya
G650 media gateways) connected by a LAN 310 located ina
headquarters site 320 in Atlanta. The LAN 310 is further
connected to a WAN router 312 connected to a WAN 314. The
port networks 306 and 308 are connected to a public switch-
ing telephone network (PSTN) 316 and are further connected
to one or more communities of local telephone(s) 318 located
within the Atlanta headquarters site 320. In addition, one or
more communities of local telephone(s) 322 are connected to
the LAN 310. A branch office site 330 in Boston also includes
a LAN 332 that is connected to the WAN 314 via a WAN
router 334. The Boston site 330 further includes a port net-
work 336 (e.g., an Avaya G650 media gateway) connected to
the LAN 332 and one or more communities of local telephone
(s) 338. The Boston site 330 also includes one or more com-
munities of local telephone(s) 340 connected directly to the
Boston LAN 332. A third site 350 located in a branch office in
Cleveland is also connected to the system 300 via the WAN
314. The Cleveland site 350 comprises a LAN 352 connected
to the WAN 314 via a WAN router 354. Two media gateways
356 and 358 (e.g. Avaya G700_ media gateways) are con-
nected to the Cleveland LAN 352 and are further connected to
a PSTN 360. Communities of local telephones 362 are also
connected directly to the LAN 352. The link between the
media servers 302 and 304 and the port networks 306 and 308
at the headquarters site 320 traverses the Atlanta LAN 310
and an IPSI on each port network. The links between the
media servers 302 and 304 located in the Atlanta site 320 and
two the remote sites 330 and 350 traverse the WAN 314.

For the purpose of assessing full system availability, the
percentage of traffic generated at each site serves as a pro-
rating factor for the downtime expected as the result of a
failure at that site. The percentage of traffic generated at each
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site is calculated from the Communities of Interest (COI)
matrix generated by a traffic engineering tool as described
above. For the purposes of this example, the percentage of
traffic for the example shown in FIG. 6 is shown in the COI
matrix of Table 5.

TABLE §

Percentage of Traffic Generated by Each Site Calculated Based on Traffic
COI Matrices. Total Traffic Generated = 226 Erlangs

Inbound & Cleveland
Outbound Atlanta Site Boston Site  Site
Atlanta 98E =>43.3% 32E=>14.2% 12E=>5.2% S5E=>2.2%
Site
Boston 36E =>16% 12E =>5.2% 4E =>2% 2E=>0.9%
Site
Cleveland 16E =>7% 6E =>2.7% 2E =>0.9% 1E =>0.4%
Site
Case Study |

In a first case study for the network 300 shown in FIG. 6,
the call processing link from the S8700™ media servers 302
and 304 to the G650™ media gateways 306 and 308 in the
Atlanta headquarters site 320 is supported by a single LAN
connection 310. In addition, the call processing link from the
servers to each of the branch offices is over a single WAN link
314. The quality of the Control LAN and media processor
circuit packs or media modules are designed to support the
calculated traffic load and have not been engineered with N+1
reliability.

The single WAN link is the weakest link in this configura-
tion. Because WAN facilities are usually leased, and because
of the cost-prohibitive nature of procuring WAN circuits,
WAN availability has historically been in the range from 99%
t0 99.5%, although some service providers currently guaran-
tee 99.9% availability per WAN circuit. The call control sig-
naling traffic traverses the WAN link to give service to the
phones in Boston and Cleveland. As aresult the availability of
these two sites is no greater than the availability of the WAN
link. Table 6 and Table 7 show the result of a subset of
components availability analysis for this configuration.

TABLE 6

Case Study I: Site Down Time Minutes and Impact
of WAN Outages on Each Site.

Enterprise Solution including LAN

Hardware Components and WAN Links
Annual Per Site Annual
Downtime Downtime
Site Availability (Minutes)  Availability Minutes
Atlanta 99.95% 263 99.95% 263
Boston 99.95% 263 99% 5260 (88 hrs)
Cleveland 99.95% 263 99% 5260 (88 hrs)

The site availability values listed in the first column of
Table 6 represent the availability of the hardware components
(e.g., the Avaya S8700 media servers). The site availability
values listed in column three of Table 6, however, include the
impact of the enterprise’s data network availability on each
site’s availability. The combined value is assessed by consid-
ering the components involved to complete a call from point
A to point B. For example, for calls generated in Boston the
following components are involved: servers in Atlanta 302
and 304, control signaling over the Atlanta LAN connection
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310, the WAN link 314 between Boston and Atlanta, the
Boston LAN connection 332 and the G650 media gateway
336 in Boston.

TABLE 7

Example of Boston Communication System Availability Calculation

Component Availability Annual Downtime Minutes

S8700 Servers in Atlanta
Data Network between
Atlanta and Boston
Boston Media Gateway
Aggregated

99.9995%
99% to 99.5%

2.6
2630 to 5260

99.95%
98% to 99.4%

262.98
3155.76 (2.6 + 2630 + 262.98)
to 7863 (2.6 + 5260 + 262.98)

A similar approach is taken to assess the availability in
Atlanta and Cleveland. Annual downtime minutes are calcu-
lated for each site and the transport network. Then, the traffic
factor is multiplied by the annual downtime minutes. The
result is aggregated to assess the full system availability as
shown in Table 8.

TABLE 8

Weighted Downtime

Full Solution Availability Projected (Minutes)

% of traffic generated in Atlanta x (43.3% + 14.2%) x

annual downtime minutes in Atlanta 263 =151

% of traffic generated in Boston x (16% + 2%) x
annual downtime minutes in Boston 5260 =947

% of traffic between Atlanta and (5.2% + 5.2%) x
Boston x annual downtime minutes 5260 =547

in Atlanta, WAN and Boston

% of traffic generated in Cleveland x
annual downtime minutes in
Cleveland

% of traffic between Atlanta and
Cleveland x annual downtime minutes
in Atlanta, WAN and Cleveland

% of traffic between Boston and

(7% + 0.4%) x
5260 = 390

(2.7% + 2.2%) x
5260 = 258

(0.9% + 0.9%) x

Cleveland x annual downtime minutes 5260 =95
in Boston, WAN and Cleveland
Aggregated Downtime 2388 minutes
(151 + 947 + 547 +
390 + 258 +953)
System Availability =

1-(2388/525960) = 99.5%

As reflected in Table 8 shown above, the main availability
bottleneck for this configuration comprises the single WAN
link supporting the call control signaling between the head-
quarters and either of the branch offices.

Case Study II (99.8% Availability)

Case Study I demonstrates the effect of a Local Survivable
(Spare) Processor (LSP) 456 on system 400 to improve the
local availability for the branch offices as shown in FIG. 7.
The Cleveland site 350 is equipped with an LSP as an alter-
nate gatekeeper and call controller for the IP phones and the
G700 Media Gateways 356 and 358 located in the Cleveland
site. As a result, the call processing signaling traffic has a
higher availability in the Cleveland office. In addition, the
Atlanta site 320 IP traffic is enhanced by implementation of
N+1 IP resources. The IPSI circuit packs, C-LAN circuit
packs and media processing circuit packs in Atlanta are
implemented using N+1 resources. For example, the call con-
trol link can be distributed to the port networks (e.g., the
Avaya G650_ media gateways) over two IP links, supported
by two IPSI circuit packs, and increasing the number of
C-LAN circuit packs by one will provide extra IP resources
for IP-phone signaling messages. Such a distribution of
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resources allows for IP telephone service availability in the
event of a link or device failure. This configuration also
improves the availability of the circuit-switched telephony
traffic on this site because only half of the circuit-switched
telephony located in the Atlanta site is affected by an IPSI
failure. With the addition of an additional port network, how-
ever, there will be increased loads on the media processor
circuit packs, as they now must support the inter-port network
traffic generated by the circuit-switched endpoints. As aresult
the traffic engineering tool should be re-applied to this con-
figuration to determine the required number of media proces-
sor circuit packs. In addition to re-applying the traffic engi-
neering tool 112 to determine component set-up, re-applying
the traffic engineering tool 112 to the redesigned system
would also re-calculate the traffic flow information for the
system 400 in order to make the prediction even more accu-
rate. Although this has not been done in this example, it would
be possible to calculate new traffic flow information for the
revised system 400.

As shown in Tables 9 and 10, the highest downtime is
contributed by the WAN link between the headquarters in
Atlanta and the two branch offices.

TABLE 9

Case Study II: Standard Configuration Availability and Impact
of WAN Outages on Each Site

Enterprise Solution including LAN

in Atlanta, WAN and Cleveland

% of traffic between Boston and
Cleveland x annual downtime minutes
in Boston, WAN and Cleveland
Aggregated Downtime

Hardware Components and WAN Links
Annual Per Site Annual
Downtime Downtime

Site Availability (Minutes)  Availability Minutes
Atlanta 99.99% 53 99.99% 53 (4.3 hrs)
Boston 99.95% 263 99% 5260 (88 hrs)

Cleveland 99.99% 53 99.99% 53 (4.3 hrs)
TABLE 10
Weighted Downtime

Full Solution Availability Projected (Minutes)

% of traffic generated in Atlanta x (43.3% + 14.2%) x

annual downtime minutes in Atlanta 53=30.5

% of traffic generated in Boston x (16% + 2%) x

annual downtime minutes in Boston 5260 =947

% of traffic between Atlanta and (5.2% + 5.2%) x

Boston x annual downtime minutes 5260 =547

in Atlanta, WAN and Boston

% of traffic generated in Cleveland x (7% + 0.4%) x

annual downtime minutes in Cleveland 53 =4

% of traffic between Atlanta and (2.7% + 2.2%) x

Cleveland x annual downtime minutes 5260 = 258

(0.9% + 0.9%) x
5260 =95

1874.5 minutes (30.5 +
940 + 547 + 4 + 258 + 95)

System Availability = 99.6%

Case Study III (99.98% Availability)

Case study III shows a further adjustment of the systems
shown in FIGS. 6 and 7 in order to reach a higher availability.
As shown in FIG. 8, the system 500 implements the following
redundancies in system:

N+1 resources in each site (e.g., the number of C-LAN
circuit packs and media processor circuit packs in
Atlanta 500 and Boston 530. In Cleveland 550, each
media gateway contains a resident VoIP resource, and
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each media gateway 356 and 358 has the capacity of
housing an extra VoIP media module.
Redundant WAN links are present and properly configured
to converge rapidly in the event of an outage.
Signaling and media traffic may take different routes
across the system.
IP phones have at least three valid gatekeeper addresses
that do not depend on the same WAN link
In this configuration, the redundant WAN link has an avail-
ability range of 99.9% to 99.99%. In the Atlanta headquarter
site 520, the N+1 IPSI and the N+1 C-LAN resources will
provide sufficient IP resources in the event of a single C-LAN
or IPSIfailure. Table 11 shows the improved local availability
values for the branch offices 530 and 550 due to the additional
redundancies added in system 500.

TABLE 11

Case Study III

Enterprise Solution including LAN

Hardware Components and WAN Links
Annual Per Site Annual
Downtime Downtime
Site Availability (Minutes)  Availability Minutes
Atlanta 99.99% 53 99.99% 53 (4.3 hrs)
Boston 99.95% 263 99% 5260 (88 hrs)
Cleveland 99.99% 53 99.99% 53 (4.3 hrs)
TABLE 12
Weighted Downtime
Full Solution Availability Projected (Minutes)
% of traffic generated in Atlanta x (43.3% + 14.2%) x
annual downtime minutes in Atlanta 263=15
% of traffic generated in Boston x (16% + 2%) x
annual downtime minutes in Boston 53=95
% of traffic between Atlanta and (5.2% + 5.2%) x
Boston x annual downtime minutes 263 =27

in Atlanta, WAN and Boston

% of traffic generated in

Cleveland x annual

downtime minutes in Cleveland

% of traffic between Atlanta and
Cleveland x annual downtime minutes
in Atlanta, WAN and Cleveland

% of traffic between Boston and
Cleveland x annual downtime minutes
in Boston, WAN and Cleveland
Aggregated Downtime

System Availability = 99.98%

(7% + 0.4%) x
53=0.75

(2.7% + 2.2%) x
263 =47

(0.9% + 0.9%) x
563 =13

112.25 minutes (15 +9.5 +
27 +0.75 +47 + 13)

Case Study IV (99.999% Availability in ATLANTA, 99.99%

Full System Availability)

Case study IV shows a further adjustment of the systems

shown in FIGS. 6, 7 and 8 in order to reach an even higher
availability for the system 600. As shown in FIG. 9, the
system 600 implements the following additional redundan-
cies in system:
Media gateway (e.g., an Avaya G650) with redundant IPSI
resources in the Atlanta site 620 and in the Cleveland site
650.
An LSP as an alternate gatekeeper and call controller in the
Cleveland site 650.
A fully redundant data network is used to take advantage of
the duplicated link connection between media servers
and media gateways. The WAN path, when recalculated
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using redundant circuits should be at least 99.999%
available. In addition, each link is expected to have suf-
ficient bandwidth to handle the full load of converged
traffic.

For the purposes of this example, the Control LAN
between the servers 602 and 604 and the IPSI resources of the
media gateways 606 and 608 have been engineered to meet
99.999% availability. Table 13 shows the improved local
availability values for the branch offices 630 and 650 due to
the additional redundancies added in system 600.

TABLE 13

Case Study IV

Enterprise Solution including

Hardware Components LAN and WAN Links
Annual Per Site
Downtime Annual Downtime
Site Availability  (Minutes)  Awvailability Minutes
Atlanta 99.999% 53 99.999% 5.3
Boston 99.997% 15.8 99.995% 26
Cleveland 99.99% 53 99.989% 59
TABLE 14

Weighted Downtime

Full Solution Availability Projected (Minutes)

% of traffic generated in Atlanta x (43.3% + 14.2%) x

annual downtime minutes in Atlanta 53=3

% of traffic generated in Boston x (16% + 2%) x
annual downtime minutes in Boston 26=4.7

% of traffic between Atlanta and (5.2% + 5.2%) x
Boston x annual downtime minutes 263=27

in Atlanta, WAN and Boston

% of traffic generated in Cleveland x (7% + 0.4%) x
annual downtime minutes in Cleveland 59 =4.4

% of traffic between Atlanta and (2.7% + 2.2%) x
Cleveland x annual downtime minutes 263 =1.3

in Atlanta, WAN and Cleveland

% of traffic between Boston and
Cleveland x annual downtime minutes
in Boston, WAN and Cleveland
Aggregated Downtime

(0.9% + 0.9%) x
26.3 =0.48

16.58 minutes (3 + 4.7 +
27+44+1.3+048)
System Availability = 99.9968%

As reflected in the case studies, an IP telephony solution
can be configured to meet an enterprise’s desired level of
availability. As shown, increased redundancy levels and opti-
mized network design may be used to increase the availability
of an IP telephony solution. For a geographically distributed
system, for example, a major bottleneck comprises a WAN.
For enterprises utilizing such a WAN for high levels of inter-
site traffic, redundant WAN links may significantly enhance
the full system availability. Such redundancies provide addi-
tional bandwidth to support additional traffic in the event of a
failure. In order to take full advantage of the redundancy, the
network is preferably designed with failure detection, mul-
tiple paths and failover capabilities.

In each of the case studies detailed above with respect to
Example 2, the contributed annual downtime from each site
and the contributed annual downtime from a transport net-
work connecting the sites of a geographically distributed
communications network are added together to determine the
full system availability of the distributed communications
network. As described above, however, an alternative
approach for approximating the availability of the distributed
communications network comprises multiplying the calcu-
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lated availability of subsets of the communications network.
After determining the contributed downtime associated with
each subset (e.g., a site) and between subsets, based upon the
downtime and traffic flow associated with components of the
subset, the availability of each subset is determined as
described above. Then, the availability of each subset is mul-
tiplied together to approximate the full system availability.

As shown above with respect to Case Study IV, the subsets
of'the communications network may comprise an Atlanta site,
a Boston site, a Cleveland site, communication between the
Atlanta and Boston sites, communication between the Atlanta
and Cleveland sites and communication between the Boston
and Cleveland sites. The availability of each of these sites,
calculated above, are shown below.

Atlanta site availability=[1-(3/525960)]=0.999994

Boston site availability=[1-(4.7/525960)]=0.99999

Cleveland site availability=[1-(4.4/525960)]=0.99999

availability between Atlanta and Boston=[1-(2.7/
525960)]1=0.999995

availability between Atlanta and Cleveland=[1-(1.3/
525960)]1=0.999997

availability between Boston and Cleveland=[1-(0.48/
525960)]1=0.999999

In order to approximate the full system availability for this
communications network, the site availabilities may be mul-
tiplied together. Thus, the full system availability=0.999994x
0.99999%0.99999%0.999995%0.999997x0.999999=0.999965
or 99.9965%. As can be seen by comparing this result to the
result shown in Table 14 for Case Study IV, the approximation
010.999965 is very close to the result 0£0.999968 (from Table
14) and results in an error of only 0.000003 or 3xE(-6).

A number of variations and modifications of the invention
can be used. It would be possible to provide for some features
of the invention without providing others.

For example in one alternative embodiment, the availabil-
ity prediction assessment tool may be implemented in soft-
ware, hardware (e.g., a logic circuit such as an Application
Specific Integrated Circuit), or a combination thereof.

In another alternative embodiment, the present invention
can be applied to networks other than packet-switched net-
works, such as circuit-switched networks.

The present invention, in various embodiments, includes
components, methods, processes, systems and/or apparatus
substantially as depicted and described herein, including vari-
ous embodiments, subcombinations, and subsets thereof.
Those of skill in the art will understand how to make and use
the present invention after understanding the present disclo-
sure. The present invention, in various embodiments,
includes providing devices and processes in the absence of
items not depicted and/or described herein or in various
embodiments hereof, including in the absence of such items
as may have been used in previous devices or processes, €.g.,
for improving performance, achieving ease and‘\or reducing
cost of implementation.

The foregoing discussion of the invention has been pre-
sented for purposes of illustration and description. The fore-
going is not intended to limit the invention to the form or
forms disclosed herein. In the foregoing Detailed Description
for example, various features of the invention are grouped
together in one or more embodiments for the purpose of
streamlining the disclosure. This method of disclosure is not
to be interpreted as reflecting an intention that the claimed
invention requires more features than are expressly recited in
each claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing
disclosed embodiment. Thus, the following claims are hereby
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incorporated into this Detailed Description, with each claim
standing on its own as a separate preferred embodiment of the
invention.

Moreover though the description of the invention has
included description of one or more embodiments and certain
variations and modifications, other variations and modifica-
tions are within the scope of the invention, e.g., as may be
within the skill and knowledge of those in the art, after under-
standing the present disclosure. It is intended to obtain rights
which include alternative embodiments to the extent permit-
ted, including alternate, interchangeable and/or equivalent
structures, functions, ranges or steps to those claimed,
whether or not such alternate, interchangeable and/or equiva-
lent structures, functions, ranges or steps are disclosed herein,
and without intending to publicly dedicate any patentable
subject matter.

What is claimed is:

1. A method for analyzing an availability of at least part of
a communications network, the network including a set of
network components, the network component set being fur-
ther divided into at least first and second subsets of network
components, and each of the first and second subsets com-
prising a plurality of different components in the network
component set, comprising:

(a) determining a first traffic flow associated with the first

subset;

(b) determining a second traffic flow associated with the
second subset, the first and second traffic flows being
unequal;

(c) determining a first downtime associated with the first
subset, wherein the first downtime is derived from at
least one of Mean Time Between Failures, Mean Time to
Recover/Repair, Mean Time to Failure, Failure in Time
Rate, Mean Time between Outages, failure rate, a report-
able outage, an outage downtime measure, and a down-
time measure for a partial outage;

(d) determining a second downtime associated with the
second subset, wherein the first downtime is derived
from at least one of Mean Time Between Failures, Mean
Time to Recover/Repair, Mean Time to Failure, Failure
in Time Rate, Mean Time between Outages, failure rate,
areportable outage, an outage downtime measure, and a
downtime measure for a partial outage; and

(e) determining a future availability for the network com-
ponent set, wherein the future availability is a function of
the first downtime and first traffic flow and the second
downtime and second traffic flow.

2. The method of claim 1, wherein the network component
set forms a multi-site enterprise network, wherein the first
subset is associated with a first site of the enterprise network,
and the second subset is associated with a second site of the
enterprise network, and wherein the first traffic flow com-
prises intra-site traffic flows between members of the first
subset and inter-site traffic flows between a member of the
first subset and a member of the second subset.

3. The method of claim 1, wherein the first and second
subsets each comprise communication endpoints and
wherein the first traffic flow is at least one of generated and
received by communication endpoints in the first subset and
the second traffic flow is at least one of generated and received
by communication endpoints in the second subset.

4. The method of claim 3, wherein each of the first and
second subsets further comprise a plurality of a switch, router,
digital signal processor, gateway resource, time division mul-
tiplex bus, trunk, port, codec, transport network, control net-
work, and port network.
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5. The method of claim 1, wherein the availability is a
function of the sum of the first downtime weighted by the first
traffic flow and the second downtime weighted by the second
traffic flow.

6. The method of claim 1, wherein the determining step (a)
comprises the substep of:

assigning a plurality of first endpoints in the first subset to
a first endpoint grouping;

assigning a plurality of second endpoints in the first subset
to a second endpoint grouping;

assigning a plurality ofthird endpoints in the second subset
to a third endpoint grouping;

assigning a plurality of fourth endpoints in the second
subset to a fourth endpoint grouping, the first, second,
third, and fourth endpoints being different from one
another, wherein the first traffic flow comprises traffic
exchanged between the first and second endpoints and
between each of the first and second endpoints on the
one hand and each of the third and fourth endpoints on
the other and the second traffic flow comprises traffic
exchanged between the third and fourth endpoints and
between each of the third and fourth endpoints on the
one hand and each of the first and second endpoints on
the other.

7. The method of claim 1, wherein the determining step (c)

comprises the substep of:

for each member of the first subset, mapping the member to
an availability table to determine availability informa-
tion for the respective member, wherein the first down-
time is derived from the availability information for each
of the members of the first subset.

8. The method of claim 7, determining step (c¢) comprises
the substep of: for each member of the first subset, deriving
from the corresponding availability information a member
downtime, wherein the first downtime is the sum of the indi-
vidual member downtimes associated with the first subset.

9. The method of claim 1, further comprising:

(1) determining a third downtime for a transport network
connecting the first and second subsets.

10. A method for analyzing an availability of at least part of

a communications network, the network including a set of
network components, the network component set being fur-
ther divided into at least first and second subsets of network
components, and each of the first and second subsets com-
prising a plurality of different components in the network
component set, comprising:

(a) determining a first traffic flow exchanged between first
and second endpoint groupings in the first subset, the
first traffic flow being a first percentage of a total traffic
flow in the communications network;

(b) for a plurality of first subset members involved in the
first tratfic flow, determining a corresponding downtime,
wherein the first downtime is derived from at least one of
Mean Time Between Failures, Mean Time to Recover/
Repair, Mean Time to Failure, Failure in Time Rate,
Mean Time between Outages, failure rate, a reportable
outage, an outage downtime measure, and a downtime
measure for a partial outage;

(c) determining a total of the downtimes corresponding to
the plurality of first subset members;

(d) multiplying the total of the downtimes by the first
percentage to provide a first traffic weighted total down-
time for the first subset; and

(e) determining a future availability of the first subset for
the first traffic flow based on the first traffic weighted
total downtime for the first subset.
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11. The method of claim 10, wherein the first subset mem-
bers comprise first and second endpoint groupings, the first
traffic flow represents intra-subset traffic flow for the first
subset, and wherein the first traffic weighted total downtime is
associated with intra-subset traffic, and further comprising:

() determining an inter-subset traffic flow exchanged
between at least one of the first and second endpoint
groupings in the first subset on the one hand and third
and fourth endpoint groupings in the second subset on
the other, the inter-subset traffic flow being a second
percentage of the total traffic flow in the network;

(g) for a plurality of the first and second subset members
involved in the inter-subset traffic flow, determining a
corresponding downtime; and

(h) multiplying the total of the downtimes of step (g) by the
second percentage to provide a second traffic weighted
total downtime for inter-subset traffic;

(I) determining an availability of members in the first and
second subsets for inter-subset traffic based on the sec-
ond traffic weighted total downtime for inter-subset traf-
fic; and

(j) determining an availability of the communications net-
work by multiplying the availability for inter-subset traf-
fic and the availability for intra-subset traffic.

12. The method of claim 10, wherein the intra-subset and

inter-subset traffic flows are unequal.

13. The method of claim 11, further comprising:

(k) determining an availability of the members of the sec-
ond subset for intra-subset traffic in the second subset,
wherein in step (j) the availability of the communica-
tions network is determined by multiplying the avail-
ability for inter-subset traffic, the availability for intra-
subset traffic in the first subset, and the availability for
intra-subset traffic in the second subset.

14. The method of claim 11, wherein in step (g) for a
plurality of the first and second subset members involved in
the inter-subset traffic comprises endpoints in the first and
second subsets and an intermediate network component inter-
connecting the endpoints in the first and second subsets.

15. A system for analyzing an availability of at least part of
a communications network, the network including a set of
network components, the network component set being fur-
ther divided into at least first and second subsets of network
components, and each of the first and second subsets com-
prising a plurality of different components in the network
component set, comprising:

an availability prediction assessment tool operable to (I)
determine a first traffic flow exchanged between firstand
second endpoint groupings in the first subset, the first
traffic flow being a first percentage of a total traffic flow
in the communications network; (ii) for a plurality of
first subset members involved in the first traffic flow,
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determine a corresponding downtime, wherein the first
downtime is derived from at least one of Mean Time
Between Failures, Mean Time to Recover/Repair, Mean
Time to Failure, Failure in Time Rate, Mean Time
between Outages, failure rate, a reportable outage, an
outage downtime measure, and a downtime measure for
apartial outage; (iii) determine a total of the downtimes
corresponding to the plurality of first subset members;
(iv) multiply the total of the downtimes by the first
percentage to provide a first traffic weighted total down-
time for the first subset; and (v) determine a future avail-
ability of the first subset for the first traffic flow based on
the first traffic weighted total downtime for the first
subset.

16. The system of claim 15, wherein the first subset mem-
bers comprise first and second endpoint groupings, the first
traffic flow represents intra-subset traffic flow for the first
subset, and wherein the first traffic weighted total downtime is
associated with intra-subset traffic, and wherein the tool is
further operable to (vi) determine an inter-subset traffic flow
exchanged between at least one of the first and second end-
point groupings in the first subset on the one hand and third
and fourth endpoint groupings in the second subset on the
other, the inter-subset traffic flow being a second percentage
of' the total traffic flow in the network; (vii) for a plurality of
the first and second subset members involved in the inter-
subset traffic flow, determine a corresponding downtime;
(viii) multiply the total of the downtimes of operation (viii) by
the second percentage to provide a second traffic weighted
total downtime for inter-subset traffic; (ix) determining an
availability of members in the first and second subsets for
inter-subset traffic based on the second traffic weighted total
downtime for inter-subset traffic; and (x) determine an avail-
ability of the communications network by multiplying the
availability for inter-subset traffic and the availability for
intra-subset traffic.

17. The system of claim 15, wherein the intra-subset and
inter-subset traffic flows are unequal.

18. The system of claim 16, wherein the tool is further
operable to (xi) determine an availability of the members of
the second subset for intra-subset traffic in the second subset,
wherein in operation (x) the availability of the communica-
tions network is determined by multiplying the availability
for inter-subset traffic, the availability for intra-subset traffic
in the first subset, and the availability for intra-subset traffic in
the second subset.

19. The system of claim 16, wherein in operation (vii) for
a plurality of the first and second subset members involved in
the inter-subset traffic comprises endpoints in the first and
second subsets and an intermediate network component inter-
connecting the endpoints in the first and second subsets.

#* #* #* #* #*
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