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AGENT TRAINING SENSITIVE CALL
ROUTING SYSTEM

RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 11/532,883, filed Sep. 18, 2006, now
U.S. Pat. No. 7,916,858, issued Mar. 29, 2011, which is a
continuation of U.S. patent application Ser. No. 10/180,763,
filed Jun. 25, 2002, now U.S. Pat. No. 7,110,525 issued Sep.
19, 2006, which is a non-provisional application of 60/300,
684, filed Jun. 25, 2001, each of which is expressly incorpo-
rated herein by reference.

TECHNICAL FIELD

The present invention relates generally to organized tele-
communications systems and more particularly to a system
and method for distributing communications among multiple
possible destinations based on sensitivity to agent training
status.

BACKGROUND OF THE INVENTION

The Call Center

A “call center” is an organization of people, telecommu-
nications equipment and management software, with a mis-
sion of efficiently handling electronic customer contact. A
typical call center must balance competing goals. Customers
should experience high quality and consistent service as mea-
sured, for example, by how long the customer’s call must wait
in queue before being answered and receiving satisfactory
service. At the same time, this service should be provided to
make efficient use of call center resources.

Strategies for Call Center Management

“Workforce management” systems provide important
tools for meeting the goals of the call center. These systems
generate forecasts of call volumes and call handling times
based on historical data, to predict how much staff will be
needed at different times of the day and week. The systems
then create schedules that match the staffing to anticipated
needs.

Typically, an Automatic Call Distribution (ACD) function
is provided in conjunction with a computerized Private
Branch Exchange (PBX). This ACD function enables a group
of agents, termed ACD agents, to handle a high volume of
inbound calls and simultaneously allows a queued caller to
listen to recordings when waiting for an available ACD agent.
The ACD function typically informs inbound callers of their
status while they wait and the ACD function routes callers to
an appropriate ACD agent on a first-come-first-served basis.

Today, all full-featured PBXs provide the ACD function
and there are even vendors who provide switches specifically
designed to support the ACD function. The ACD function has
been expanded to provide statistical reporting tools, in addi-
tion to the call queuing and call routing functions mentioned
above, which statistical reporting tools are used to manage the
call center. For example, ACD historical reports enable a
manager to identify times: (a) when inbound callers abandon
calls after long waits in a queue because, for example, the call
center is staffed by too few ACD agents and (b) when many
ACD agents are idle. In addition, ACD forecasting reports,
based on the historical reports, allow the manager to deter-
mine appropriate staffing levels for specific weeks and
months in the future.
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Queue Management

ACD systems experience high traffic periods and low traf-
fic periods. Consequently, ACD systems must be capable of
automating two major decisions. The first major decision may
be referred to as the “agent selection decision,” i.e., when
more than one agent is available to handle the next transac-
tion, which agent should be chosen? The second major deci-
sion may be referred to as the “transaction selection deci-
sion,” i.e., when more than one transaction is waiting for the
next available agent and an agent becomes available, which
transaction should the agent handle?

One approach to the agent selection decision is to setup a
sequencing scheme, so that the switch of the ACD system
follows the same sequence of agents until the first available
agent in the sequence is found. The concern with this
approach is that it creates “hot seats,” i.e. an inequitable
distribution of inbound calls to ACD agents who are high in
the sequence. Most current ACD systems solve the agent
selection decision by using a longest-idle-eligible-agent
approach to provide a more equitable distribution of transac-
tions.

There are also different approaches to the transaction selec-
tion decision in which there are more available transactions
than there are ACD agents. One approach is to create one or
more first-in, first-out (FIFO) queues. Under this approach,
each transaction may be marked with a priority level by the
switch ofthe ACD system. When an agent becomes available,
the transaction with the highest priority is routed to the agent.
If'several calls of equal priority are waiting in a queue, the call
which has been waiting the longest is routed to the available
agent. If the call center conducts outbound transactions, each
transaction is similarly submitted to a FIFO queue with a
priority designation, with the switch routing transactions
from the queue to the agents.

Queue/Team Management

Calls that arrive at a call center generally are classified into
“call types” based on the dialed number and possibly other
information such as calling number or caller responses to
prompts from the network. The call center is typically served
by an automatic call distributor (ACD), which identifies the
call type of each incoming call and either delivers or queues
it. Each call type may have a separate first-in-first-out queue
in the ACD. In most existing call centers, the agents answer-
ing calls are organized into one or more “teams,” with each
team having primary responsibility of the calls in one or more
queues. This paradigm is sometimes referred to as “queue/
team.”

In the queue/team model, scheduling for each team can be
done independently. Suppose, for example, that the call cen-
ter handles calls for sales, service, and billing, and that each of
these call types is served by a separate team. The schedule for
sales agents will depend on the forecast for sales call volume
and on various constraints and preferences applicable to the
agents being scheduled, but this schedule is not affected by
the call volume forecast for service or billing. Further, within
the sales team, agents are typically considered interchange-
able from a call handling viewpoint. Thus, within a team,
schedule start times, break times and the like, may be traded
freely among agents in the team to satisfy agent preferences
without affecting scheduled call coverage. See, U.S. Pat. No.
5,325,292, expressly incorporated herein by reference.

In a queue/team environment, when a new call arrived, the
ACD determines the call type and places it in the queue, if all
agents are busy, or allocates this call to the team member who
had been available the longest.



US 8,582,753 B1

3

Skill-Based Routing

The longest-idle-agent approach and the FIFO approach
function well in applications having little variation in the
types of transactions being handled by the ACD agents. If all
agents can handle any transaction, these approaches provide
a sufficiently high level of transactional throughput, i.e., the
number of transactions handled by the call center in a par-
ticular time interval. However, in many call center environ-
ments, the agents are not equally adept at performing all types
of transactions. For example, some transactions of a particu-
lar call center may require knowledge of a language other
than the native language of the country in which the call
center is located. As another example, some transactions may
require the expertise of “specialists” having training in the
specific field to which the transaction relates, since training
all agents to be knowledgeable in all areas would be cost-
prohibitive. For ACD applications in which agents are not
equally adept at performing all transactions, there are a num-
ber of problems which at least potentially reduce transac-
tional throughput of the call center. Three such problems may
be referred to as the “under-skilled agent” problem, the “over-
skilled agent” problem, and the “static grouping” problem.

The under-skilled agent problem reduces transactional
throughput when the switch routes transactions to ACD
agents who do not have sufficient skills to handle the trans-
actions. For example, a call may be routed to an English-only
speaking person, even though the caller only speaks Spanish.
In another example, the transaction may relate to product
support of a particular item for which the agent is not trained.
When this occurs, the agent will typically apologize to the
customer and transfer the call to another agent who is capable
of helping the customer. Consequently, neither the agent’s
nor the customer’s time is efficiently utilized.

Inefficient utilization is also a concern related to the over-
skilled agent problem. A call center may have fixed groupings
of agents, with each group having highly trained individuals
and less-experienced individuals. Call-management may also
designate certain agents as “specialists,” since it would be
cost prohibitive to train all agents to be experts in all transac-
tions. Ideally, the highly skilled agents handle only those
transactions that require a greater-than-average skill level.
However, if a significant time passes without transactions that
require highly skilled agents, the agents may be assigned to
calls for which they are over-qualified. This places the system
in a position in which there is no qualified agent for an
incoming call requiring a particular expertise because the
agents having the expertise are handling calls that do not
require such expertise. Again, the transactional throughput of
the call center is reduced.

Current ACD systems allow agents to be grouped accord-
ing to training. For example, a product support call center
may be divided into four fixed, i.e., “static,” groups, with each
group being trained in a different category of products sold by
the company. There are a number of potentially negative
effects of static grouping. Firstly, the call center management
must devise some configuration of agents into groups. This
may be a costly process requiring extensive analysis and data
entry. Secondly, the configuration that is devised is not likely
to be optimal in all situations. The pace and mix of transac-
tions will change during a typical day. At different times, the
adverse effects of the under-skilled agent problem and the
adverse effects of the over-skilled agent problem will vary
with respect to the transactional throughput of the call center.
Thirdly, when a new product is released, the devised configu-
ration likely will be less valuable. In response to changes in
the size, pace and mix of the transaction load over the course
of time, call management must monitor and adjust the per-
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formance of the current grouping configuration on an ongo-
ing basis. When trends are detected, the grouping configura-
tion should be changed. This requires the time and attention of
call center managers and supervisors. Again, the transactional
throughput is reduced.

Itis thus known in the prior art to provide ACD systems that
depart from the queue/team model described above. Calls are
still categorized into call types. In place of queues for the call
types, however, queues associated with “skills” are provided.
The ACD’s call distribution logic for the call type determines
which queue or queues a call will occupy at various times
before it is answered. Agents are not organized into teams
with exclusive responsibility for specific queues. Instead,
each agent has one or more identified “skills” corresponding
to the skills-based queues. Thus, both a given call and a given
agent may be connected to multiple queues at the same time.
Agent skills designations may be further qualified, for
example, as “primary” or “secondary” skills, or with some
other designation of skill priority or degree of skill attain-
ment. The ACD call distribution logic may take the skill
priority levels into account in its call distribution logic.

In a skills-based routing environment, the “matching” of
calls to agents by the ACD becomes more sophisticated and
thus complicated. Agents who have more than one skill no
longer “belong” to a well-defined team that handles a
restricted set of calls. Instead, the skills definitions form
“implicit” teams that overlap in complex ways. If, for
example, a call center has 10 skills defined, then agents could
in principle have any of 1024 possible combinations (2'°) of
those skills. Each skill combination could be eligible to
handle a different subset of the incoming calls, and the eli-
gible subset might vary with time of day, number of calls in
queue, or other factors used by the ACD in its call routing
decisions.

Today, call center managers want to connect a caller to an
ACD agent having exactly the right skills to serve the caller.
However, “skills based” ACD agent groups are often small
and, as a result, whenever an inbound call arrives, all such
“skills based”” ACD agents may be busy. In such instances, the
ACD function can take call back instructions from the caller
and the ACD function can manage the call back functions, for
example, by assigning such calls, in accordance with the
caller instructions, to a “skills based” ACD agent whenever
one becomes available.

Scheduling of agents in a skills-based environment is thus
a much more difficult problem than it is in a queue/team
environment. In a skills-based environment, call types cannot
be considered inisolation. Thus, for example, a heavy volume
of Service calls might place higher demands on multi-skilled
agents, causing an unforeseen shortage of coverage for Bill-
ing calls. Further, agents with different skills cannot be con-
sidered interchangeable for call handling. Thus, trading lunch
times between a Sales-only agent and a multi-skill agent
might lead to over-staffing Sales at noon while under-staffing
Service at 1:00 p.m. This would lead to undesirable results.
Moreover, with respect to the needs of a particular call type,
a multi-skilled agent might provide no help over a given span
of time, might be 100% available for calls of that type, or
might be available part of the time and handling other call
types for another part of time.

All agents having a particular combination of skills may be
deemed a “skill group.” A central problem of skills-based
scheduling is then finding a way to predict what fraction of
scheduled agents from each skill group will be available to
each call type during each time interval being scheduled. If
these fractions are known, then the effect of different agent
schedules can be generated. Unfortunately, it is difficult or
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impossible to calculate the skill group availability fractions
directly. These functions depend on the relative and absolute
call volumes in each call type, on the particulars of the skills-
based call distribution algorithms in the ACD, and on the
skills profiles of the total scheduled agent population. Par-
ticularly as ACD skills-based routing algorithms themselves
evolve and become more sophisticated, the factors affecting
skill group availability become too complex for direct analy-
sis. One proposed solution provides a feedback mechanism
involving call handling simulation and incremental schedul-
ing, to schedule agents in a skills-based routing environment.
See, U.S. Pat. No. 6,044,355, expressly incorporated herein in
its entirety.

In accordance with this “skills-based scheduling” method,
a computer implemented tool is used to determine an opti-
mum schedule for a plurality of scheduled agents in a tele-
phone call center, each of the plurality of scheduled agents
having a combination of defined skills. The plurality of sched-
uled agents are organized into “skill groups™ with each group
including all scheduled agents having a particular combina-
tion of skills. The method begins by generating a plurality of
net staffing arrays, each net staff array associated with a given
call type and defining, for each time interval to be scheduled,
an estimate of a difference between a given stafting level and
a staffing level needed to meet a current call handling require-
ment. In addition to the net staffing arrays, the method uses a
plurality of skills group availability arrays, each skills group
availability array associated with the given call type and
defining, for each combination of skill group and time inter-
val to be scheduled, an estimate of a percentage of scheduled
agents from each skill group that are available to handle a call.
According to the method, the plurality of arrays are used to
generate a proposed schedule for each of the plurality of
scheduled agents. Thereafter, a call handling simulation is
then run against the proposed schedule using a plurality of
ACD call distribution algorithms (one for each call type being
scheduled). Based on the results of the call handling simula-
tion, the net staffing arrays and the skills availability arrays
are refined to more accurately define the net staffing and skills
usage requirements. The process of generating a schedule and
then testing that schedule through the simulator is then
repeated until a given event occurs. The given event may be a
determination that the schedule meets some given acceptance
criteria, a passage of a predetermined period of time, a pre-
determined number of iterations of the process, or some com-
bination thereof. A proposed schedule is “optimized” when it
provides an acceptable call handling performance level and
an acceptable staffing level in the simulation. Once the pro-
posed schedule is “optimized,” it may be further adjusted
(within a particular skill group) to accommodate agent pref-
erences.

U.S. Pat. No. 5,206,903 to Kohler et al. describes ACD
equipment which uses static grouping. Each static group of
agents is referred to as a “split,” and each split is associated
with a different queue. The agents are assigned to splits
according to skills. Within a single split, the agents may be
limited to knowledge of different subtypes of transactions.
Preferably, there is at least one agent in each split who is
trained to handle calls of any of the subtypes within the
particular split. This “expert” may also be trained to effi-
ciently handle calls of other types, i.e., other splits. Each
agent possesses up to four skill numbers that represent vari-
ous abilities of the agent with respect to handling transactions
related to subtypes and types of transactions. The ACD equip-
ment assigns each incoming call three prioritized skill num-
bers that estimate skill requirements of the incoming call. The
skill numbers of the incoming call are considered “priori-
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tized,” since they are viewed sequentially in searching for a
match of the call with an agent, so that the second skill
number of the call is unnecessary if a match is found using the
first prioritized skill number. The incoming call is assigned
the one, two or three prioritized skill numbers and is placed in
the appropriate queue of the appropriate static group of
agents. A search is made among the available agents for an
agent-skill number that matches the first skill number of the
call. Ifno match is found after a predetermined time delay, the
second prioritized skill number of the call is used to find a
match. If no match is found after a second predetermined time
delay, the third prioritized skill number is considered. Then, if
no match is still found, the ACD equipment of Kohler et al.
expands the search of available agents to other groups of
agents.

While the Kohler et al. patent does not directly address the
problems associated with static groups, it does consider the
skills of the individual agents. The prioritized skill numbers
assigned to the incoming calls are logically ordered. The
patent refers to the first skill number of a call as the primary
call-skill indicator. This primary indicator is used to define
the minimal skill level that is required for an agent to com-
petently handle the call. Consequently, if a match is made
with the primary indicator, the ACD agent may not be over-
skilled or under-skilled. However, if the search is unsuccess-
ful, the secondary call-skill indicator is utilized. The search
for a match to the secondary indicator may cause the callto be
routed to an agent having more than the minimal required
skill. The third prioritized skill number that is assigned to the
incoming call is referred to as the “tertiary” call-skill indica-
tor. The tertiary indicator is yet another skill level beyond
what is minimally required to competently handle a call.
Since the tertiary indicator is utilized only if a match is not
found for either of the primary or secondary indicators, an
overly skilled agent of the appropriate group will handle the
call only if that agent is the only available capable agent.
Thus, more highly skilled agents are assigned only when their
skills are required, or no lesser-skilled agent is available to
handle the call.

Group Routing

Various types of conventional automatic distributors
(ACDs) are available to distribute incoming calls to a group.
Reservation and information services may be provided by
large companies, such as major airlines, and may consist of
geographically separated groups of agents that answer
incoming calls distributed to the agents by separate ACDs.
Agent communication terminals (ACTs) which are con-
nected to an ACD are utilized by the agents to process incom-
ing calls routed to a particular ACT by the ACD.

A PBX type ACD such as a Definity® ACD available from
AT&T functions as a conventional PBX and further functions
as an ACD to distribute incoming calls to local agents con-
nected to the PBX. Another type of ACD consists of the
utilization of an electronic telecommunication switch such as
a SESS® switch available from AT&T which is capable of
providing ACD service when supposed by ACTs coupled to
the switch. Both types of ACD typically function as indepen-
dent systems which handle incoming calls and make internal
decisions concerning which agent will receive a given call.
Both types of ACD systems are capable of generating statis-
tical reports which can be monitored by a workstation
coupled to the ACD system to allow a supervisor to monitor
call handling statistics. Such data typically represents an aver-
age of statistics for a given system.

U.S. Pat. No. 4,737,983 to Frauenthal et al. addresses a
method of balancing traffic loads to a plurality of customer
ACDs. Each ACD periodically transmits call congestion data
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representing an accumulation of data for the ACD to a central
database. Based on this data, the database determines a pre-
ferred ACD to which to route an incoming call. Although this
technique may be generally sufficient for balancing certain
traffic loads, it relies on accumulated or aggregate data on
which to base decisions and, hence does not permit specific
agents, i.e. ACTs, to be identified to receive a call.

In U.S. Pat. No. 4,953,204 to Cuschleg, Jr. et al., a method
is described for queuing calls to a multi-location service
provider having a plurality of ACDs. Decisions on routing a
calltothe ACD is based on the availability of anon-busy voice
channel to the ACD. If all channels (circuits) are busy, a call
is queued until an ACD becomes available to take the call as
determined by a non-busy circuit to the respective ACD.
However, the number of agents associated with a given ACD
does not necessarily equal the number of circuits provided to
the ACD. Thus, the monitoring of available circuits as the
basis for queue management and the routing of calls does not
correspond to actual agent availability.

Telephone call centers that handle calls to toll-free “800”
numbers are well-known in the art. Typically, a company may
have many call centers, all answering calls made to the same
set of 800 numbers. Each of the company’s call centers usu-
ally has an ACD or similar equipment capable of queuing
calls. ACD management information systems keep statistics
on agent and call status, and can report these statistics on
frequent intervals. Such capabilities are in use today for cen-
tralized reporting and display of multi-location call center
status.

In such systems, the company will want to distribute the
calls to its call centers in a way that will optimally meet its
business goals. Those goals might include low cost of call
handling, answering most calls within a given amount of
time, providing customized handling for certain calls, and
many others. It is also known in the prior art that certain call
routing criteria and techniques support a broad range of busi-
ness goals. These include “load balancing,” “caller segmen-
tation” and “geographic routing.” Load balancing refers to
distribution of calls so that the expected answer delay for new
calls is similar across all the call centers. If other consider-
ations do not dictate otherwise, load balancing is desirable
because it provides optimum efficiency in the use of agents
and facilities, and it provides the most consistent grade of
service to callers. In special situations it might be desirable to
unbalance the load in a particular way, but control over the
distribution of call load is still desired.

If the caller’s identity can be inferred from the calling
number, caller-entered digits, or other information, that iden-
tity may influence the choice of destination for the call. Call
routing based on such information is referred to as caller
segmentation. Also, it has been found desirable for particular
call centers to handle calls from particular geographic areas.
The motivation may be to minimize call transport costs, to
support pre-defined call center “territories”, or to take advan-
tage of agents specifically trained to handle calls from given
locations. Such techniques are known as geographic routing.

The interexchange carriers who provide 800 service today
generally support some form of “routing plan”to help achieve
load balancing, caller segmentation and geographic routing.
Typically these routing plans allow 800 call routing based on
time of day, day of week, the caller’s area code, caller-entered
digits, and fixed percentage allocations. Predominately, how-
ever, the routing plans supported by the carriers are static in
the sense that they do not automatically react to unexpected
variations in incoming call volume or distribution, nor to
actual call delays being experienced at each destination.
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Reaction to changing conditions is done via manual modifi-
cation of the plan, on a time scale of minutes or hours.

Recent service offerings from some interexchange carriers
offer some degree of automatic reaction to changing condi-
tions. One such offering, called “alternate termination
sequence” or “ATS” (from AT&T), allows customers to estab-
lish maximum numbers of calls to be queued for each desti-
nation, with a pre-defined alternative when a primary desti-
nation is overloaded. Another offering, referred to as
“intelligent routing control” or “IRC” (from MCI), allows an
ACD to refuse a call from the network, again resulting in
pre-defined alternative call handling. A third kind of service,
AT&T’s Intelligent Call Processing, lets the interexchange
network pass call-by-call data to a computer.

In a conventional ACD, phone calls are processed on a
first-in, first-out basis: the longest call waiting is answered by
the next available agent. Answering calls across multiple
automated call distributors (ACD) is typically done on a
first-in, first-out basis dependent upon time of receipt of the
call by each ACD, whether the call is directly connected or
forwarded.

U.S. Pat. No. 4,893,301 is an example of use of a multiple
line interface modules with remote line interface connectivity
to a PCM bus. Specifically, it discloses use of a portion of an
ACD at a remote location from a call center which are con-
nected together via a T-1 connection to perform centralized
call processing. This is an example of a single ACD with
remote input and processing rather than a network of multiple
ACDs forming a virtual call center. In the invention described
in this patent, it is possible to process calls at the single ACD
on a first-in first-out basis.

U.S. Pat. No. 4,048,452 discloses an ACD where the time
in queue for each call is measured and compared against
upper and lower time thresholds. When time in queue exceeds
an upper threshold, the call is re-directed, provided that the
measured time in alternative queue for the oldest call is less
than the threshold.

U.S. Pat. No. 4,737,983 discloses an ACD with a database
with a pointer maintained to the next entry in a table to be
initially selected in response to a next call routing query. Tests
may be performed to determine if call should actually be
routed to the selected ACD.

U.S. Pat. No. 4,757,529 discloses an ACD creating a sepa-
rate queue for each call type, detecting when a terminal
becomes available, and distributing waiting calls from differ-
ent queues to servers in accordance with defined priority
values.

U.S. Pat. No. 5,073,890 discloses an automatic call dis-
tributor for providing ACD service from remote ACD agents.

U.S. Pat. No. 5,278,898 discloses a system for managing a
hold queue.

U.S. Pat. No. 5,309,513 discloses a telephone system com-
prising a plurality of automatic call distributors for receiving
and distributing calls in a sequential order.

U.S. Pat. No. 5,369,695 discloses a facility for redirecting
a call from one destination point to another, in which event a
new timer value could be same as or different from prior timer
value.

Another call distribution scheme is provided in Gechter et
al., U.S. Pat. No. 5,036,535. This patent discloses a system for
automatically distributing telephone calls placed over a net-
work to one of a plurality of agent stations connected to the
network via service interfaces, and providing status messages
to the network. Gechter et al.’s disclosed system includes
means for receiving the agent status messages and call arrival
messages from the network, which means are connected via a
network service interface to the network. Routing means
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responsive to the receiving means is provided for generating
arouting signal provided to the network to connect the incom-
ing call to an agent station through the network. In the system
disclosed in Gechter et al, when an incoming call is made to
the call router, it decides which agent station should receive
the call, establishes a call with that agent station, and then
transfers the original call onto the second call to connect the
incoming caller directly to the agent station and then drops
out of the connection. (See, Gechter et al., column 11, lines
45-51).

U.S. Pat. No. 5,193,110 issued to Jones et al discloses an
integrated services platform for a telephone communications
system which platform includes a plurality of application
processing ports for providing different types of information
services to callers. In Jones et al’s disclosed system, a master
controlunit and a high speed digital switch are used to control
processing of incoming phone calls by recognizing the type
of service requested by the caller and then routing the call to
the appropriate processing port. The Jones et al system is
disclosed as an adjunct to current switching technology in
public and private networks.

Intelligent Call Management

Call centers are also used to make outbound calls, for
example for telemarketing. Agents making outbound calls,
referred to as outbound agents, are typically separate from
ACD agents handling inbound calls and call center software
separately manages outbound call lists for outbound agents to
ensure that each outbound agent wastes little time in dialing
or in performing overhead operations.

A call center typically has multiple agents for answering
incoming calls and placing outgoing calls. A call center may
also have agents participating in outgoing call campaigns,
typically in conjunction with an outbound call management
system. Each agent may be assigned to a particular group,
such as an inbound group or an outbound group. Agents can
also be assigned to a supervisor team, which represents mul-
tiple agents that report to the same supervisor.

In certain situations, it is necessary to restrict an agent’s
activity to answering calls or handling a particular type of call
(e.g., answering only incoming calls). For example, during an
outbound campaign, the system placing the outbound calls
and controlling the rate at which the calls are placed, e.g., a
so-called predictive dialer, relies on the availability of the
agent to handle an answered call. If the system places out-
bound calls expecting the agent to be available, but the agent
instead places their own call to another agent or a supervisor,
or has an incoming call connected to them, the outbound
system may not have an agent available to handle an answered
outbound call. Additionally, if an agent is assigned to handle
incoming calls, but instead places a call to another agent or
listens to voice mail messages, the number of queued incom-
ing calls may increase, thereby increasing the waiting time
experienced by the callers.

In existing call centers, agents can be manually switched
from one group to another (e.g., from an inbound group to an
outbound group). This switching may be performed by a
supervisor using a terminal or other device coupled to the call
center. In other systems, a supervisor may instruct particular
agents to switch from inbound call processing to outbound
call processing, or vice versa.

One document which provides considerable information
on intelligent networks is “ITU-T Recommendation Q.1219,
Intelligent Network User’s Guide for Capability Set 1, dated
April, 1994. This document is incorporated herein by refer-
ence.

One known system proposes a call-management method
and system for distributing calls to a plurality of individuals,
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such as automatic call distribution (ACD) agents, which
routes calls to the individuals based upon a correlation of
attributes of the individuals with calls that are tagged with
identification of abilities that are advantageous to efficiently
processing the calls. That is, for each call that is to be distrib-
uted, one or more skills that are relevant to efficient handling
of'the call are determined and then used to route the call to an
appropriate individual. In addition, call management prefer-
ences may also be accommodated.

It is therefore apparent that the prior art has given a good
deal of attention to the optimization of call center operations,
including inbound automatic call directors, outbound predic-
tive dialers, combined operations, agent scheduling, and call
routing.

In general, the known optimization methods seek to mini-
mize the immediate cost function for call center operation.
Thus, factors relevant to a present cost of operations (“cost”
being given a broad interpretation) are analyzed and an algo-
rithm applied for minimization.

SUMMARY AND OBJECTS OF THE
INVENTION

The present invention seeks to apply new methods of opti-
mization for call routing. Thus, the present invention seeks to
optimize long term call center operations, rather than imme-
diate efficiency per se. Thus, at various times, the system
performs functions which are different or even opposite the
result expected to achieve highest short term efficiency. Pref-
erably, however, during peak demand periods, the system
assures high short term efficiency by switching or adapting
mode of operation.

Therefore, according to the present invention, a number of
additional factors are applicable, or the same factors analyzed
in different ways, beyond those employed in existing optimi-
zations. Since most call centers are operational for extended
periods of time, by analyzing and optimizing significant cost
factors beyond those contemplated by the prior art, a more
global optimization may be achieved.

One critical long term cost factor in call center operations
is agent training. While this is directly apparent for “help
desks”, where the agents must be skilled in technical issues, it
is also true in sales and service. Sales agents must be trained
to close sales efficiently, with high customer satisfaction. This
requires that the agent understand the customer’s actual
needs, price sensitivity, discretionary needs, and the available
product or service to be sold. Training can assist agents in
taking an order quickly, while avoiding incomplete transac-
tions and non-purchase directed inquiries on a sales call.

In a service environment, the goal is to satisfy the customer
at lowest cost to the company. Often, this comes through
making a reasonable offer of compromise quickly, which
requires understanding the issues raised by the customer.
Delay leads to two costs; the agent’s time, and the possibility
of'increased demands by the customer.

In technical support operations, the agent must understand
the technical issues of the product or service. The agent must
also understand the psychology of the user, who may be
frustrated, angry, apologetic, or even lonely. The agent must
often remotely diagnose the problem, or understand the infor-
mation provided by the caller, and communicate a solution or
resolution.

In each case, the caller characteristics and issues will often
have a significant effect on the duration of the call. While, in
general, more skilled agents will have a higher productivity,
in some cases, the caller restricts throughput. Therefore, even
though the agent is capable of completing the call quickly, the
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caller may cause inordinate delays. According to the present
invention, through a number of methods, the caller character-
istics are determined or predicted, and an appropriate agent
selected based on the anticipated dynamic of the call. Thus,
for example, if the anticipated call duration for a successful
outcome, based on the caller characteristics is a minimum of
5 minutes (depending on the agent), then an agent who is
likely to complete the call in about five minutes may be
selected as the optimum; agents who would be able to com-
plete the call within 4 minutes, while technically more pro-
ductive, may have little impact on the actual call duration, and
thus would be inefficiently employed Likewise, an agent
anticipated to complete the call in 6 minutes might be deemed
inefficient, depending on the availability of other agents and
additional criteria. The call may be selected as a training
exercise. In this case, an agent is selected for whom training
would be expected to operate with a certain degree of ineffi-
ciency to complete the call. In some cases, unsupervised
training is instituted. In other cases, a training agent (or auto-
mated system) is allowed to shadow the call, providing assis-
tance, instruction and/or monitoring of the trainee agent dur-
ing the call. In this case, it would be anticipated that the call
duration would be greater than 5 minutes, due to the training
nature of the call. Further, the required trainer assistance
further reduces immediate efficiency. However, as the agents
in the pool become more skilled, long term efficiency
increases.

More highly skilled agents are both worth more and gen-
erally command higher compensation. A program which
trains agents internally is either required, due to lack of spe-
cific external training programs, or is cost effective, since new
hires can be compensated at a lower rate than trained and
experienced hires. Thus, for long-term operations, there is an
incentive to train agents internally, rather than seeking to hire
trained agents.

Agents may receive additional compensation for training
activities, either for their training activities, performance
based compensation based on the improvement of their train-
ees, or both. Thus, there is an incentive for agents to become
skilled and to assist in the training. As a result, the average
skill level and uniformity in a call center will increase. How-
ever, since the optimal skill palette within a call center typi-
cally is a moving target, the training process will never cease.

Often, live interaction is an important component of train-
ing. Therefore, a significant component of the training
encompasses interaction with callers in real-world situations.
Training often involves presenting agents with new chal-
lenges and experiences in order to assure breadth of exposure.

According to prior skill-based routing schemes, an agent
skill level is considered a static upper limit on capabilities,
and the ACD avoids distributing calls to agents below a
threshold. Agents may be called upon to serve requests within
their acknowledged skill set. On the other hand, according to
the present invention, each call is considered a potential train-
ing exercise, in order to expand the capabilities of the agent.
Therefore, to the extent that the nature of the call can be
determined in advance, the incentive according to this scheme
is to route the call to an agent who is barely capable of
handling the call, and to avoid routing only to the best avail-
able agents. This strategy has other implications. Because
agents are challenged continually, there is reduced incentive
for an agent to limit his skills to avoid the “tougher” assign-
ments. Further, a self-monitoring scheme may be imple-
mented to determine the status of an agent’s skill with each
call. For example, agent performance is typically determined
on a call-throughput basis, since call centers are managed on
a man-hour requirement basis and agents compensated on a
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per-hour basis. Therefore, based on a presumed agent skill set
and an estimation of the skills required for a given call, a call
duration may be predicted. The actual duration is then com-
pared with the predicted duration, providing a performance
metric for the agent.

This scheme also allows determination of the pertinent
factors for call duration, both based on the information about
the call or caller and the skill set of the agent.

It is noted that, during peak demand periods, reduced pro-
ductivity due to training is preferably minimized. Thus, as
demand increases, high skill set agents are preferably reas-
signed from training to active status, while lower skill set
agents are assigned to calls well within their capabilities.
Thus, during such peak demand periods, the staffing require-
ment will be no worse than traditional call centers. On the
other hand, since training is integrated with operations, over
a period of time, the average skill of all agents will increase.
Thus, more skilled agents will be available at peak periods,
reducing overall staffing requirements over a long term.

It is noted that, while preferred embodiments of the inven-
tion involve the training of human agents, the invention is not
so limited. The agents, which may be considered resources,
may be automated devices which are capable or learning or
training, e.g., so-called artificial agents, or even animals or
other biological or hybrid systems. The state of the resource is
preferably measured, predicted or modeled, to provide a skill
set, skill profile, or aptitude rating. In some instances, e.g.,
where there is sufficient capacity in the system to permit
short-term inefficiencies, a training mode or protocol is insti-
tuted, wherein the trainable resources are presented with
training challenges. In this way, the resources are improved.
On the other hand, when the available capacity is limited or
deemed insufficient, a high-efficiency mode or protocol is
adopted, to fill a short term demand on the system. Generally,
a resource selected for efficient operation will differ from a
resource for training operation, though this is not necessarily
the case: an agent capable of training to perform a task gen-
erally has minimally sufficient skills for handling the task,
albeit at lower efficiency than a trained resource. Likewise,
even in the case of automated systems, it is sometimes unde-
sirable to simply “clone” or copy a resource; rather, the inter-
nal logic and efficiency of such resources may differ; the
trainer resource, for example, may have limited skills, be
computationally inefficient, slow, require additional
resources, or have high cost. (The trainer resource for an
artificial agent may be, for example, a human.)

However, another reason for avoiding simply proliferating
existing resources is that training errors in the trainer
resources will propagate, without significant opportunity for
remediation. Thus, for example, if the trainer resource is an
artificial neural network, trained with real world example,
erroneous data or artifacts will be propagated. On the other
hand, training new resources without copying existing
resources permits greater variety, and thus an ability to obtain
new strategic paradigms. In some cases, resources (trainer or
training) may be used in parallel, and a result selected by
voting or selection of result through other known means. The
parallel tasking will, of course, according to the present
invention be reduced or eliminated when load handling
requirements exceed available capabilities for such redundant
(or partially redundant) activities.

In accordance with the present invention, an ACD function
utilizes an Automatic Call Sharing (ACS) algorithm to enable
inbound and outbound call functions to be performed by one
ACD agent. Advantageously, in accordance with the present
invention, ACD agent idle time is used to make outbound
calls, while maintaining a desired level of service on inbound
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calls. As will be described in detail below, embodiments of
the present invention accomplish the desired function by uti-
lizing the ACS algorithm to determine when an ACD agent
assignment to work on outbound calls will be given priority
over the agent’s waiting to work on inbound calls. Therefore,
by combining inbound and outbound call handling, assuming
that the skill sets for both tasks correspond, or that agents are
capable of both, it is possible to staff a call center with
sufficient headroom to allow non-emergent operational status
most of the time.

Instead of maintaining skill disparities, the present inven-
tion seeks to minimize skill disparities between agents, mak-
ing skill-based routing of calls within a center easier. Known
call centers present issues due to small groups of agents
having a requisite skill. On the other hand, as the proportion
of'agents with each skill increases, the ease of finding an agent
with the right mix of skills is increased.

The present invention also provides a central database for
skill set management, allowing a geographically dispersed
call center or freelance agents to be called upon dynamically
as required. Thus, if a peak demand period is much shorter
than an agent shift, off-site freelance agents may be dynami-
cally called upon, for example through the Internet, ISDN,
POTS, DSL, Cable modem, or a VPN, to handle calls. In this
case, the training of such off-site or freelance agents will
generally differ from those who are in-house agents. For
example, if freelance agents are called upon only during peak
demand periods, these agents will be trained specifically for
the skills in short supply during such periods.

In order to gage the skill set required of an agent for a call,
a number of methods may be employed. Callers may use
ACDs to instruct the system as to the nature of the call. Using
amenu or hierarchal menu, a series of questions may be asked
of callers in the queue to determine the identity of the caller
and the nature of the call. Likewise, ANI/DNIS information,
IP address or the like, or other communications channel iden-
tifier may be employed to identify the calling telephone com-
munications channel. This, in turn, may be used to call a
database record associated with the identity of the caller or
communications channel.

In many instances, call centers are implemented to provide
support for computer systems. It is known to provide a mes-
sage automatically generated by a computer to identify the
identity and status of the computer at a given time, and pos-
sibly the nature of a computer problem. The present invention
allows this message to be associated with a direct semantic
communication session with the user, for example to pre-
define the nature of the call and possibly the skill set required
to address the issues presented. This information can also be
used to trigger a call-back after the information is analyzed
and an appropriate agent is available.

Often, a highly skilled agent will serve as mentor for the
trainee, and “shadow” the call. Thus, the routing of a call may
depend on availability of both trainee and skilled instructor.

Another aspect of call center efficiency impacted by this
scheme is agent motivation. Because an agent with lower skill
levels will be given assignments considered challenging,
while more skilled agents given training assignments which
may be considered desirable, there is an incentive for agents
to progress, and likewise no incentive to avoid progressing.
Thus, an agent will have no incentive to intentionally or
subliminally perform poorly to avoid future difficult skill-
based assignments.

In operation, the system works as follows. Prior to call
setup, an estimation is made of the nature of the call and the
prospective issues to be encountered. This is performed in
standard manner, for example in an inbound call based on the
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number dialed, ANI/DNIS of the caller (with possible data-
base past history lookup), selections made through automated
menus, voice messages, or other triage techniques. In the case
of outbound calls, a database of past history, demographic
information (both particular to the callee and for the region of
the call), and nature of the call may all be used to determine
the projected agent skill set required for the call.

It is noted that, after initial call setup, the actual skill set
required may become apparent, and the call may be rerouted
to another agent.

Once the predicted skill sets are determined, these are then
compared against a database of available agents and their
respective skill sets. A weighting is applied based on per-
ceived importance of selection criteria, and the requirements
correlated with the available agent skill sets. When the call
center is operating below peak capacity, marginally accept-
able agents are selected to receive the call, possibly with a
highly acceptable agent available if necessary or to monitor
the call. When the call center is operating new peak capacity,
the agents are assigned to minimize the anticipated man-hour
burden (throughput) and/or wait time. Thus, peak throughput
operation generally requires that agents operate within their
proven skill sets, and that training be minimized. However,
even during such peak periods, there may be significant train-
ing opportunities that should not be missed.

Each call is associated with a skill expression that identifies
the skills that are relevant to efficient handling of the call. As
previously noted, the preferred embodiment is one in which
more than one relevant skill is identified, so that all of the
factors that determine a “best” agent for handling a call can be
considered. The relevant skills may be determined using dif-
ferent techniques. Automatic number identification (ANI)
may be used to ascertain information regarding the calling
party, while dialed number identification service (DNIS) may
be used for information regarding the called party. Additional
information may be gathered by means of interactive voice
response (IVR) input and database lookups. For example,
customer database retrieval allows call-management to deter-
mine a customer history and customer preferences.

The skill expression of a call includes the required skills
and skill levels for efficiently handling the call. In one
embodiment, the skills may be divided into two categories:
mandatory and optional skills Mandatory skills are those
skills that an agent must possess in order to handle the call,
even if the call remains in queue for an extended period of
time, for example, language proficiency. Optional skills are
those that are considered in the selection of the appropriate
agent, but not critical.

It is noted that the peak/non-peak considerations may be
applied on a call-by-call basis. Thus, certain callers may be
privileged to have a shorter anticipated wait and greater effi-
ciency service than others. Thus, these callers may be treated
preferentially, without altering the essential aspects of the
invention.

The present invention may also generate a set of reports
directed to management of the call center. The quality of
service reports are generated to indicate the effectiveness of
the call-management method and system. An agent summary
report is organized according to the activities of particular
individuals, i.e. agents. A skill summary report organizes the
data by skill expressions, rather than by agents. This report
may list the number of calls requiring selected skill expres-
sions and the average time spent on those calls. Other known
report types are also possible. An important report type is the
improvement in call center efficiency over time, i.e.,
decreased wait time, increased throughput, increased cus-
tomer satisfaction, etc. Thus, each agent should demonstrate
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improved skills over time. Peak throughput should meet or
exceed reasonable expectations based on a statically skill-
routed call center. Other metrics may also be evaluated.

It is noted that the method according to the present inven-
tion provides a new optimization scheme method for auto-
mated call distribution. Therefore, the optimization scheme
may generally be substituted for existing optimization
schemes in such automated call distributors.

In addition, the present invention also suggests a new
method of scheduling agents for work shifts. Rather than
populating a set of required skill levels to fulfill anticipated
needs, the work shift schedule includes complementary
scheduling of trainers and trainees, both on a work shift level
and shift rotation level.

Itis therefore an object of the invention to provide a method
of'selecting a call handling agent handle a call, comprising the
steps of identifying at least one characteristic of a call to be
handled; determining whether the call center load is high; if
the call center load is not high, selecting a first call handling
agent having at least marginally sufficient skills to handle the
call having the at least one characteristic, the call handling
agent having a skill set determined to be deficient with respect
to the characteristic, while also selecting a second call han-
dling agent capable of training other agents with respect to the
at least one characteristic to train the first call handling agent;
and if the call center load is high, selecting a third call han-
dling agent having at least marginally sufficient skills to
handle the call having the at least one characteristic, the call
handling agent having a skill set determined to be sufficient
with respect to the characteristic.

It is also an object of the invention to provide a method of
selecting an agent to handle a call, comprising the steps of; in
response to availability of a call having a set of identified
characteristics, selecting one of a plurality of agents who has
a worst sufficient characteristic score for the individual call
type to handle the call, including identifying a set of charac-
teristics of the call, retrieving an agent profile, comprising a
set of metrics corresponding to the set of identified charac-
teristics, and selecting one of the available call handlers who
has an agent profile which indicates that the agent is likely
capable of handling the call, but requires training with respect
to calls having the set of identified characteristics.

Itis a further object of the invention to provide a method for
determining an efficient schedule for a plurality of agents in a
call center, balancing call center efficiency and agent training
opportunity, each of the plurality of agents having a skill
profile, comprising the steps of predicting an aggregate set of
characteristics for received calls during a contiguous period
oftime; selecting a set of agents having a bimodal distribution
of skills, a first mode representing agents having a skill set
deficient with respect to the set of characteristics and a second
mode representing agents having a skill set permitting them to
train the agents represented by the first mode with respect to
the characteristics; and scheduling the selected set of agents
for the contiguous period of time and pairing agents corre-
sponding to the first mode with agents corresponding to the
second mode for a call of the set of characteristics.

Another object of the invention provides a method for
determining an efficient schedule for a plurality of agents in a
call center, balancing call center efficiency and agent training
opportunity, each of the plurality of agents having a skill
profile, comprising the steps of predicting an aggregate set of
characteristics for received calls during a shift schedule;
selecting a set of agents having a bimodal distribution of
skills, a first mode representing agents having a skill set
deficient with respect to the set of characteristics and a second
mode representing agents having a skill set permitting them to

20

25

30

35

40

45

50

55

60

65

16

train the agents represented by the first mode with respect to
the characteristics; and scheduling the selected set of agents
for the shift schedule and pairing agents corresponding to the
first mode with agents corresponding to the second mode for
a call of the set of characteristics.

A further object of the invention provides a method opti-
mizing an association of a communication with an agent in a
communications center, comprising the steps of determining
a characteristic of a communication; retrieving a skill profile
of a set of agents; and matching the communication with an
agent based on the respective skill profile, the cost utility of
the match being optimized with respect to long term opera-
tion of the communication center, including training costs
and anticipated future improvements in agent skills based on
training opportunities.

An object of the invention also includes providing a
method for matching a communication with a communica-
tion handler, comprising the steps of predicting a set of issues
to be handled during the communication; retrieving a profile
record for each of a plurality of communications handlers;
analyzing the profile records with respect to the anticipated
issues of the communication to determine a minimal capabil-
ity, training requirement, and a training capability with
respect to the anticipated issues; selecting a first communica-
tion handler having a minimal capability to handle the antici-
pated issues, a training requirement with respect to the antici-
pated issues; and selecting a second communication handler
having a training capability with respect to the anticipated
issues to train the first communication handler.

A further object of the invention provides a method of
improving a skill set of an agent, comprising the steps of
determining a skill profile of each of a set of agents agent;
determining a set of characteristics of a communication, the
characteristics and the skill profile having correlated features;
determining an anticipated surplus of agents for communica-
tion volume; selecting an available agent having a skill profile
anticipated to be sufficient to handle the communication, said
skill profile being indicative of a lower level of skill with
respect to at least one of the set of characteristics than another
available agent; and establishing channel for the communi-
cation with the selected available agent and employing the
communication as a training exercise. Advantageously, the
selected agent may not be penalized based on performance
during the training exercise. The skill profile may be updated
after the training exercise to represent a higher level of skill
with respect to the characteristics of the communication, and/
or based on a utility of a communication. The selecting may
be based on an optimization of the utility and cost of the
communication, the agent training resulting from the training
exercise being a component of the utility. The communication
routing may also be optimized based on a cost-utility func-
tion, said cost-utility function comprising a valuation of
immediate costs and utilities and a valuation of persistent
agent training costs and utilities.

It is also an object of the invention to provide a method of
allocating aresource to handle a task, comprising the steps of:
determining a task-handling load; identifying a characteristic
of a task to be handled; in dependence on said determined
task-handling load, selecting a handling protocol selected
from the group consisting of: selecting a first trainable
resource predicted to have deficient skills relating to the task
based on the identified characteristic, while also selecting a
second resource capable of assisting in training the first train-
able resource with respect to the characteristic; and selecting
a third resource predicted to have sufficient skills relating to
the task based on the identified characteristic, wherein
according to a selected protocol, a trainable resource is
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trained with respect to the at least one characteristic, or a
sufficiently skilled resource handles the task. Preferably, the
third resource has skills which are optimum for handling the
task. Typically, a plurality of tasks are simultaneously
handled, and a selected third resource has optimum skills with
respect to the available resources and the identified charac-
teristics of the tasks to be handled. Preferably, the system is
provided for training humans, i.e., the trainable resource
comprises a human. For example, the environment may be a
communications or call center, where human communica-
tions handling agents are trained to have skills predicted to be
required by incoming or outgoing communications require-
ments. The selecting step comprises, for example, retrieving
a resource profile, comprising a set of metrics corresponding
to the set of identified characteristics. The protocol selection
may be based on a threshold task-handling load for a group of
resources. The skill or imputer skill of a resource may be
updated after selection thereof and/or successful completion
of an assigned task, and/or based on a performance during
task handling.

According to another object of the invention, each resource
has skills which are classified as a multidimensional vector,
and wherein the identified task to be handled has a character-
istic represented as a predicted multidimensional vector of
required skills of a handling resource, wherein a selected first
resource and second resource together have a composite mul-
tidimensional skill vector which substantially corresponds to
the predicted multidimensional vector of required skills

According to a further object of the invention, the second
resource has a training skill for remediating a skill deficiency
with respect to the identified characteristic, such that after
handling the task, the first resource skills are improved.

Another object of the invention provides a plurality of
available trainable first resources, wherein a particular first
resource is selected based on which particular trainable first
resource is predicted to have a maximum value gain in skills
as a result of selection. Likewise, a plurality of second
resources may be available, wherein a particular second
resource is selected based on which particular second
resource is predicted to be able to impart a maximum value
gaininskills as a result of selection. Further, a plurality of first
and second resources may be available, wherein a particular
set of first and second resources are selected based on which
set of first and second resources is predicted to have an opti-
mum gain in skills for the first resource and lowest overall
cost, as a result of selection of the set.

According to another object of the invention, a group of
resources having sufficient skills for handling the task are
aggregated, with a first resource having a worst skill set for
handling the task selected from the group.

A further object of the invention optimized long-term cost
utility. For example, resources are selected based on an opti-
mum long-term cost utility of such selection, including train-
ing costs and anticipated future improvements in resource
skills based on training opportunities.

Another object of the invention provides a method wherein
the identification step comprises anticipating issues to be
raised in handling the task, the selecting step comprising
analyzing profile records of resources with respect to the
anticipated issues to determine a minimum capability
requirement, training requirement of a first resource, and a
training capability of a second resource with respect to the
anticipated issues, selecting a first resource having a skill
exceeding the minimum capability requirement to handle the
anticipated issues and having a training requirement with
respect to the anticipated issues, and selecting a second
resource having a training capability with respect to the
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anticipated issues, whereby a selected first and second
resource have sufficient skills to handle the anticipated task,
while the second resource assists the first resource in improv-
ing task handling capabilities.

Itis a further object of the invention to provide a method for
determining an efficient schedule for a plurality of agentsin a
call center, balancing call center efficiency and agent training
opportunity, each of the plurality of agents having a skill
profile, comprising the steps of predicting an aggregate set of
characteristics for received calls during a contiguous period
of time; selecting a set of agents having a target aggregate
distribution of skills, including training agents having a skill
set deficient with respect to the set of characteristics and
trainer agents having a skill set permitting them to train the
training agents with respect to the characteristics; scheduling
the training agents and trainer agents for the contiguous
period of time; and pairing training and trainer agents corre-
sponding for a call.

The foregoing has outlined some of the more pertinent
objects of the present invention. These objects should be
construed to be merely illustrative of some of the more promi-
nent features and applications of the invention. Many other
beneficial results can be attained by applying the disclosed
invention in a different manner or modifying the invention as
will be described. Accordingly, other objects and a fuller
understanding of the invention may be had by referring to the
following Detailed Description of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and the advantages thereof, reference should be made to
the following Detailed Description taken in connection with
the accompanying drawings in which:

FIG.1is ablock diagram of a telecommunications network
having a switch connected between a call routing processor
and multiple call centers that receive calls routed according to
the teachings of the present invention;

FIG. 2 is a flowchart describing the decision routine of the
present invention;

FIG. 3 is a flow chart showing a skill-training routing
method according to the present invention; and

FIG. 4 is a flow chart of an outbound predictive dialer with
a skill-training routing method according to the present
invention.

Similar reference characters refer to similar parts or steps
throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The following detailed description sets forth numerous
specific details to provide a thorough understanding of the
invention. However, those of ordinary skill in the art will
appreciate that the invention may be practiced without these
specific details. In other instances, well-known methods, pro-
cedures, protocols, components, and circuits have not been
described in detail so as not to obscure the invention.

The present invention describes an improved method for
distributing telephone calls or with reference to FIG. 1, an
ACD system 10 includes switching circuitry 12 of a PBX 14
and an adjunct router 16. The telecommunication system of
FIG. 1 permits inbound telephone calls (transactions) from
customers to agents of a call center, as well as outbound
telephone calls from the agents to customers. A number of
customer telephones 18, 20, 22 and 24 are connected to a
public switch 26 that is connected to the PBX 14 by means of
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a trunk 28, as is well known in the art. Also shown in FIG. 1
are a number of telephones 30, 32, 34 and 36 for use by ACD
agents. The PBX also supports other telephones 38, 40, 42
and 44 that are used by persons that are not ACD agents, but
who are also employed at the calling center that operates the
ACD system 10. The non-agent telephones are not critical to
the invention. With the exception of the adjunct router 16, the
components of FIG. 1 are contained within conventional tele-
communication systems having ACD capability.

In general terms, ACD agents use the agent telephones 30,
32, 34 and 36 to receive and/or place telephone calls between
a call center that employs the agents and the customer tele-
phones 18-24. For example, a customer may use a home
telephone 20 to place a telephone call to the company to order
one of the company’s products. The customer dials a general
sales telephone number of the company. The public switch 26
routes the inbound telephone call to the PBX 14. The PBX
then routes all inbound calls that are directed to the general
sales telephone number to the ACD system 10 for rerouting to
one of the individuals at the agent telephones. The adjunct
router 16 selects the appropriate agent telephone in a manner
to be described below.

The adjunct router 16 is an dynamically adaptive optimiz-
ing system that controls the ACD switching circuitry 12 to
route inbound calls to selected agents at the telephones 30-36.
The selected agent receives the inbound call and processes the
transaction.

The adjunct router is carried out in a combination of com-
puter hardware and software. The adjunct router may be
physically implemented in a stand-alone computer that inter-
faces with the PBX 14, or may be physically attached to the
PBX. In the preferred embodiment, the router is a separate
component in order to facilitate installation and maintenance
of the adjunct router, and to provide the ability to readily
interface with computer data networks and to support stan-
dards-based computer software. However, the inventive
method may be carried out within an implementation in
which the router is not an adjunct component, but is instead
installed within the conventional components of a PBX and
ACD system.

It is also noted that the entire telephony system may be a
so-called Voice over Internet Protocol (VOIP) system, allow-
ing the PBX to be implemented in one or more stand alone
computers, communicating over computer networks which
support Internet Protocol, optionally with quality of service
guarantees.

Referring now to FIG. 2, the adjunct router 16 includes a
call control interface 46 that establishes the coordination with
the switching circuitry 12 of the ACD system. The call control
interface may be a standard CSTA interface. A transaction
requester 48, a queue controller 50, and a transaction dis-
patcher 52 may be separate routines of a computer program
that establishes the router. A skills inventory database 54 may
be stored on a hard disk and read into random access memory
upon execution of the program. A transaction queue 56 may
also be generated in random access memory during the execu-
tion of the program.

The adjunct router 16 may be used to control inbound or
outbound calls or a combination of inbound and outbound
calls. For example, if an outbound call is to be routed to a
particular customer, the request will be received at the trans-
action requester 48 via the call control interface 46. Inbound
or outbound calls are queued at the transaction queue 56. The
transaction dispatcher 52 is used in the selection of a particu-
lar ACD agent for handling a queued call. The transaction
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dispatcher 52 may also select another agent to monitor the call
in order to provide assistance and training to the selected
agent.

As will be explained more fully below, the selection is
determined based on a long term optimization algorithm,
which balances call needs, agents skills, system preferences,
and/or agent training.

The skills inventory database 54 stores a profile for each of
the agents (and trainers, who may or may not also be agents)
who utilize the agent telephones 30-36. The queue controller
50 coordinates operations involving transaction requests and
transaction dispatches. When a queued call has been matched
with a particular agent, the transaction dispatcher 52 causes
the call control interface 46 to issue a command to the switch-
ing circuitry 12 of the PBX to route the queued call to the
appropriate agent telephone corresponding to the selected
agent. The transaction dispatcher also causes the queue con-
troller 50 to delete the corresponding entry in the transaction
queue 56. In other words, when a call is routed to an agent, it
is removed from the list of call identifications waiting agent
assignment.

For each ACD agent, a profile is created based on manual
inputs, such as language proficiency, formal education and
training, position, and the like, as well as automatically, based
on actual performance metrics and analysis, and stored at the
skills inventory database 54. A profile thus represents a syn-
opsis of the skills and characteristics that an agent possesses,
although it may not exist in a human readable or human
comprehensible form.

Preferably, the profile includes a number of vectors repre-
senting different attributes, which are preferably indepen-
dent, but need not be. The profile relates to both the level of
ability, i.e. expertise, in each skill vector, as well as the per-
formance of the agent, which may be a distinct criterion, with
respect to that skill. In other words, an agent may be quite
knowledgeable with respect to a product line, but neverthe-
less relatively slow to service callers. The profile, or an
adjunct database file, may also include a level of preference
that call management has for the agent to handle transactions
that require particular skills versus transactions that require
other skills, or other extrinsic considerations.

FIG. 3 shows a flow chard of an incoming call routing
algorithm according to a preferred embodiment of the present
invention. A call is placed by a caller to a call center 301. The
call is directed, through the public switched telephone net-
work, although, calls or communications may also be
received through other channels, such as the Internet, private
branch exchange, intranet VOIP, etc. The source address of
the call, for example the calling telephone number, IP
address, or other identifier, is received to identify the caller
302. This identifier is then used to call up an associated
database record 303, providing, for example, a prior history
of interaction, a user record, or the like. In some instances,
there will be no associated record, or in others, the identifi-
cation may be ambiguous or incorrect. For example, a call
from a PBX, wherein an unambiguous caller extension is not
provided outside the network, a call from a pay phone, or the
like. Therefore, the identity of the caller is then confirmed
using voice or promoted DTMF codes, which may include an
account number, transaction identifier, or the like.

During the identity confirmation process, the caller is also
directed to provide certain details relating to the purpose of
the call. For example, the maybe directed to “press one for
sales, two for service, three for technical support, four for
returns, and five for other”. Each selected choice, for
example, could include a further menu, or an interactive voice
response, or an option to record information. The information
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is then coded as a call characteristic vector 304. In some
instances, a human operator will analyze the information, or
directly interact with the caller to determine the nature of the
call. Thus, a number of methods are available and may be
employed to determine a significant amount of information
about the caller and the nature of the call. Some of these
techniques are well known in the art, while others are not
generally employed, but the techniques are clearly available
to those skilled in the art.

Each agent has a skill profile vector. This vector is devel-
oped based on various efficiency or productivity criteria. For
example, in a sales position, productivity may be defined as
sales volume or gross profits per call or per call minute,
customer loyalty of past customers, or other appropriate met-
rics. In a service call, efficiency may be defined in terms of
minutes per call, customer loyalty after the call, customer
satisfaction during the call, successful resolution of the prob-
lem, or other metrics. These metrics may be absolute values,
or normalized for the agent population, or both. The skill
profile vector is stored in a database, and the profiles, which
may be updated dynamically, of available or soon to be avail-
able agents, are retrieved from the database 305.

The optimization entails various information, which may
include the caller characteristics, the call incident character-
ization, the agent profile(s), and/or various routing principles.

Under some circumstances, it is desired to implement a
traditional skill-based call routing. For example, if peak
instantaneous efficiency is desired, for example when the call
center is near capacity 306, more advanced optimizations
may be bypassed and a traditional skill based call routing
algorithm 307 implemented, which optimizes a short term
cost-utility function of the call center 308. An agent who can
“optimally” handle the call is then selected 309, and the call
routed to that agent 310.

Thus, in order to immediately optimize the call routing, the
general principle is to route the call such that the sum of the
utility functions of the calls be maximized while the cost of
handling those calls be minimized. This optimization is gen-
erally known. However, this routing is not sensitive to the
requirement to train agent, a continuing problem for call
centers, which must constantly train agents.

According to a particular aspect of the invention, the vari-
ous routing principles discussed above explicitly value train-
ing as a utility of handling a call 311, and thus a long-term
optimization is implemented 312. The utility of caller satis-
faction is also weighted, and thus the agent selected is gen-
erally minimally capable of handling the call. Thus, while the
caller may be somewhat burdened by assignment to a trainee
agent, the call center utility is maximized over the long term,
and call center agents will generally increase in skill rapidly.

As for the cost side of the optimization, the cost of running
a call center generally is dependent on required shift staffing,
since other costs are generally constant. Accordingly, the
training algorithm serves to minimize sub-locally optimal
call routing during peak load periods, and thus would be
expected to have no worse cost performance than traditional
call centers. However, as the call center load is reduced, the
call routing algorithm routes calls to trainee agents with
respect to the call characteristics. This poses two costs. First,
since the trainee is less skilled than a fully trained agent, the
utility of the call will be reduced. Second, call center agent
training generally requires a trainer be available to monitor
and coach the trainee. While the trainer may be an active call
center agent, and therefore part of the fixed overhead, there
will be amarginal cost since the trainer agent might be assum-
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ing other responsibilities instead of training. For example,
agents not consumed with inbound call handling may engage
in outbound call campaigns.

Thus, an optimization is performed, using as at least one
factor the value of training an agent with respect to that call
312, and an appropriate trainee agent selected 313.

In order to provide proper training, the trainer and trainee
must both be available, and the call routed to both 314. Gen-
erally, the trainee has primary responsibility for the call, and
the trainer has no direct communication with the caller.
Therefore, the trainer may join the call after commencement,
or leave before closing. However, routing a call which
requires two agents to be simultaneously available poses
some difficulties. In general, the trainer is an agent capable of
handling the entire call alone, while the trainee may not be.
Therefore, the trainer is a more important participant, and the
initial principle in routing the training call is to ensure that a
trainer is available. The trainer may then await availability of
an appropriate trainee, or if none is imminently available,
handle the call himself or herself.

On the other hand, where a specific training campaign is in
place, and a high utility associated with agent training, then
the availability of a specific trainee or class of trainees for a
call having defined characteristics is particularly important.
In that case, when an appropriate trainee is available, the call
held in that agent’s cue, and the call possibly commenced,
awaiting a training agent’s availability.

If the training is highly structured, it is also possible to
assign the trainer and trainee agents in pairs, so that the two
are always available for calls together.

The same techniques are available for outbound campaigns
and/or mixed call centers. In this case, the cost of training is
more pronounced, since agents idle for inbound tasks are
generally assigned to outbound tasks, and thus the allocation
of trainer agents and trainee agents generally results in both
longer call duration and double the number of agents assigned
per call. This cost may again be balanced by avoiding training
during peak utility outbound calling hours and peak inbound
calling hours; however, training opportunities should not be
avoided absolutely.

As shown in FIG. 4, an outbound call is cued by, for
example, a predictive dialer, in an outbound call center 401.
The callee is identified 402, and a callee record retrieved 403.
Based on available information, call characteristics are pre-
dicted 404. A set of agent profiles are retrieved 405, for
example for the agents which are or will be available for the
call. The call center routing algorithm may operate in a num-
ber of modes, and a training an skill based routing scheme is
employed 411. The operation of this scheme is to optimize the
cost-utility function for long term operation of the call center
412. This optimization considers the expected incremental
cost of the agent 415, the expected incremental utility of the
agent 416, the expected incremental cost of a trainer, if
required for a training exercise 417, and the expected incre-
mental utility of training the agent 418. On this basis, an gent
is selected 413, and the call routed to the agent, and to the
trainer as well if the call is a training call 414.

Thus, it is seen that in the method described with respect to
FIG. 3, a choice is made based on whether the call center is
near capacity 306, while in the method described with respect
to FIG. 4, the choice is made as a part of the optimization 412.
It should be understood that in either scenario, the choice as to
whether to engage in a training call may be made discretely or
as part of a single optimization.

In an outbound call campaign, the anticipated call charac-
teristics may be relatively uniform; that is, there may be few
known unique characteristics of a call, since these campaigns
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often target a homogenous audience. However, after the call is
commenced, there is often a survey or other interaction which
allows certain characteristics to be identified. In that case, the
call may be maintained by the agent; transferred to another
agent; if the agent is an appropriate trainee for the call, then an
appropriate training agent obtained to shadow the call to
provide assistance and training to the primary agent; or the
agent may be an appropriate training agent for the call, and a
trainee agent selected to shadow the call or substitute for the
trainer.

From the above description and drawings, it will be under-
stood by those of ordinary skill in the art that the particular
embodiments shown and described are for purposes of illus-
tration only and are not intended to limit the scope of the
invention. Those of ordinary skill in the art will recognize that
the invention may be embodied in other specific forms with-
out departing from its spirit or essential characteristics. Ref-
erences to details of particular embodiments are not intended
to limit the scope of the claims.

It should be appreciated by those skilled in the art that the
specific embodiments disclosed above may be readily uti-
lized as a basis for modifying or designing other structures for
carrying out the same purposes of the present invention. It
should also be realized by those skilled in the art that such
equivalent constructions do not depart from the spirit and
scope of the invention as set forth in the appended claims.

APPENDIX

The following references are considered pertinent to the
present invention, and each is expressly incorporated herein
by reference in its entirety:

U.S. Pat. Nos. 5,506,898; 5,511,117; 5,519,773; 5,524,

147,5,590,188; 5,633,922; 5,633,924; 5,715,307; 5,740,240;
5,768,360; 5,825,869; 5,848,143; 5,870,464; 5,878,130,
5,901,214; 5,905,792; 5,907,608; 5,910,982; 5,915,011,
5,917,903; 5,923,745; 5,926,539; 5,933,492; 5,940,496,
5,940,947, 5,946,387; 5,953,332; 5,953,405; 5,956,397,
5,960,073; 5,963,632; 5,970,134; 5,978,465; 5,982,868;
5,987,116, 5,987,118; 5,991,391; 5,991,392; 5,991,395;
5,995,614; 5,995,615; 5,999,965; 6,002,760; 6,005,931,
6,044,146, 6,058,435; 6,061,347; 6,064,667, 6,072,864;
6,104,801; 6,115,462; 6,118,865; 6,122,358; 6,122,360,
6,122,364; 6,128,380; 6,134,530; 6,147,975, 6,157,655,
6,175,563; 6,175,564; 6,185,292; 6,223,165; 6,226,289;

6,229,888; 6,230,197; 6,233,332, and U.S. Patent Applica-

tion No. 010000458 A1.

U.S. Pat. No. 6,243,684 Directory assistance system and
method utilizing a speech recognition system and a live
operator

U.S. Pat. No. 6,230,197 Method and apparatus for rules-
based storage and retrieval of multimedia interactions
within a communication center

U.S. Pat. No. 6,229,888 System and method for operating a
plurality of call centers

U.S. Pat. No. 6,226,360 System and method for delivery of
pre-recorded voice phone messages

U.S. Pat. No. 6,226,287 System and method for integrating
voice on network with traditional telephony

U.S. Pat. No. 6,212,178 Method and apparatus for selectively
presenting media-options to clients of a multimedia call
center

U.S. Pat. No. 6,208,970 Method and system for estimation of
a source of a voice signal

U.S. Pat. No. 6,205,207 Telephone transaction processing as
a part of a call transport
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U.S. Pat. No. 6,201,950 Computer-controlled paging and
telephone communication system and method

U.S. Pat.No. 6,192,413 Method and system for process queue
communications routing

U.S. Pat. No. 6,192,121 Telephony server application pro-
gram interface API

U.S. Pat. No. 6,185,283 Telephone system providing person-
alized telephone features

U.S. Pat. No. 6,178,240 Method and apparatus for entertain-
ing callers in a queue

U.S. Pat. No. 6,173,052 Blending communications in a call
center

U.S. Pat. No. 6,170,011 Method and apparatus for determin-
ing and initiating interaction directionality within a multi-
media communication center

RE37,001 Interactive call processor to facilitate completion
of queued calls

U.S. Pat. No. 6,157,711 Multiple party telephone control
system

U.S. Pat. No. 6,154,535 Methods and system for obtaining
processing information relating to a communication

U.S. Pat. No. 6,154,528 System and method for storing and
transferring information tokens in a low network commu-
nication

U.S. Pat. No. 6,151,387 Telephonic-interface game control
system

U.S. Pat. No. 6,148,065 Telephonic-interface statistical
analysis system

U.S. Pat. No. 6,144,737 Trunk interface circuit having func-
tion of battery feed to central office

U.S. Pat. No. 6,137,870 System for providing caller informa-
tion to called party via call standard data field

U.S. Pat. No. 6,137,862 Failover mechanism for computer/
telephony integration monitoring server

U.S. Pat. No. 6,134,530 Rule based routing system and
method for a virtual sales and service center

U.S. Pat. No. 6,130,937 System and process for automatic
storage, enforcement and override of consumer do-not-call
requests

U.S. Pat. No. 6,128,376 Change of equal access carrier noti-
fication

U.S. Pat. No. 6,125,178 Method and apparatus for enabling
interaction between callers with calls positioned in a queue

U.S. Pat. No. 6,122,484 Method and apparatus for processing
telephone calls

U.S. Pat. No. 6,122,364 Internet network call center

U.S. Pat. No. 6,122,358 Operator connection control method

U.S. Pat. No. 6,115,693 Quality center and method for a
virtual sales and service center

U.S. Pat. No. 6,102,970 System and method for optimizing a
program containing a number of the flows through flow
branches

U.S. Pat. No. 6,098,069 Data managing method and data
managing device using the same for manipulating data
independently from networks

U.S. Pat. No. 6,097,806 ACD with multi-lingual agent posi-
tion

U.S. Pat. No. 6,084,943 Diagnostic device for a telephone
system

U.S. Pat. No. 6,070,142 Virtual customer sales and service
center and method

U.S. Pat. No. 6,067,348 Outbound message personalization

U.S. Pat. No. 6,064,973 Context manager and method for a
virtual sales and service center

U.S. Pat. No. 6,064,731 Arrangement for improving retention
of call center’s customers

U.S. Pat. No. 6,064,730 Customer-self routing call center
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U.S. Pat. No. 6,058,435 Apparatus and methods for respond-
ing to multimedia communications based on content analy-
sis

U.S. Pat. No. 6,055,307 System and method for selecting
agent destinations and monitoring calls made to network
customers

U.S. Pat. No. 6,052,453 Coin operated telephone auditor

U.S. Pat. No. 6,049,599 Churn amelioration system and
method therefor

U.S. Pat. No. 6,044,368 Method and apparatus for multiple
agent commitment tracking and notification

U.S. Pat. No. 6,044,149 Device for detecting DTMF tones

U.S. Pat. No. 6,044,135 Telephone-interface lottery system

U.S. Pat. No. 6,041,118 Architecture for telephone set

U.S. Pat. No. 6,041,116 Method and apparatus for controlling
outbound calls

U.S. Pat. No. 6,035,021 Telephonic-interface statistical
analysis system

U.S. Pat. No. 6,031,899 Method and apparatus for identifying
type of call

U.S. Pat. No. 6,026,156 Enhanced call waiting

U.S. Pat. No. 6,026,149 Method and apparatus for managing
telecommunications

U.S. Pat. No. 6,021,428 Apparatus and method in improving
e-mail routing in an internet protocol network telephony
call-in-center

U.S. Pat. No. 6,021,190 Method and apparatus for receiving
and processing an incoming call

U.S. Pat. No. 6,021,114 Method and system for utilizing
communications lines

U.S. Pat. No. 6,018,579 Call center services for local calls
using local number portability

U.S. Pat. No. 6,016,344 Telephonic-interface statistical
analysis system

U.S. Pat. No. 6,014,439 Method and apparatus for entertain-
ing callers in a queue

U.S. Pat. No. 6,011,845 Method and system for two-way call
holding using an intelligent communication device

U.S. Pat. No. 6,009,149 Automated calling system with data-
base updating by callee

U.S. Pat. No. 6,005,928 Method and system for automatic
distribution addressing

U.S. Pat. No. 6,005,534 Digital information system

U.S. Pat. No. 6,002,760 Intelligent virtual queue

U.S. Pat. No. 5,995,948 Correspondence and chargeback
workstation

RE36,416 Method and apparatus for dynamic and interde-
pendent processing of inbound calls and outbound calls

U.S. Pat. No. 5,991,761 Method of reorganizing a data entry
database

U.S. Pat. No. 5,991,604 Ring detecting circuit and method for
wireless/wired composite telephone

U.S. Pat. No. 5,991,393 Method for telephony call blending

U.S. Pat. No. 5,987,116 Call center integration with operator
services databases

U.S. Pat. No. 5,987,115 Systems and methods for servicing
calls by service agents connected via standard telephone
lines

U.S. Pat. No. 5,982,857 Voice recording method and system
providing context specific storage and retrieval

U.S. Pat. No. 5,978,471 Method and device for detecting a
ringtrip

U.S. Pat. No. 5,978,467 Method and apparatus for enabling
interaction between callers with calls positioned in a queue

U.S. Pat. No. 5,978,465 Method and apparatus for allocating
resources in a call center
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U.S. Pat. No. 5,974,135 Teleservices computer system,
method, and manager application for integrated presenta-
tion of concurrent interactions with multiple terminal emu-
lation sessions

U.S. Pat. No. 5,974,120 Telephone interface call processing
system with call selectivity

U.S. Pat. No. 5,970,132 Call distributor

U.S. Pat. No. 5,966,429 Telephone transaction processing as
a part of a call transport

U.S. Pat. No. 5,963,635 Method and apparatus for providing
result-oriented customer service

U.S. Pat. No. 5,956,392 Private branch exchange apparatus

U.S. Pat. No. 5,949,863 Coin operated telephone auditor

U.S. Pat. No. 5,949,854 Voice response service apparatus

U.S. Pat. No. 5,949,852 Method for recording messages for
absent parties

U.S. Pat. No. 5,946,394 Isolation amplifier with hook switch
control

U.S. Pat. No. 5,946,388 Method and apparatus for priority
queuing of telephone calls

U.S. Pat. No. 5,943,403 Customized, billing-controlled call
bridging system

U.S. Pat. No. 5,940,813 Process facility management matrix
and system and method for performing batch, processing in
an on-line environment

U.S. Pat. No. 5,940,497 Statistically-predictive and agent-
predictive call routing

U.S. Pat. No. 5,940,493 System and method for providing
directory assistance information

U.S. Pat. No. 5,937,390 On-line advertising system and its
method

U.S. Pat. No. 5,937,055 Method and apparatus for routing
telephone calls between alternate telephone service pro-
viders

U.S. Pat. No. 5,933,480 Method for billing and controlling
fraud in providing pay information services

U.S. Pat. No. 5,930,339 [eaving a message on a held connec-
tion

U.S. Pat. No. 5,926,528 Call pacing method

U.S. Pat. No. 5,924,016 Control and monitoring apparatus
and method for a telephone system

U.S. Pat. No. 5,923,746 Call recording system and method for
use with a telephonic switch

U.S. Pat. No. 5,918,213 System and method for automated
remote previewing and purchasing of music, video, soft-
ware, and other multimedia products

U.S. Pat. No. 5,917,893 Multiple format telephonic interface
control system

U.S. Pat. No. 5,914,951 System and method for controlling
and monitoring communication between customers and
customer service representatives

U.S. Pat. No. 5,913,195 System and method for developing
VRU voice dialogue

U.S. Pat. No. 5,912,947 Public notification system and
method

U.S. Pat. No. 5,907,601 Call pacing method

U.S. Pat. No. 5,905,979 Abstract manager system and method
for managing an abstract database

U.S. Pat. No. 5,903,641 Automatic dynamic changing of
agents’ call-handling assignments

U.S. Pat. No. 5,901,209 Caller 1D substitution for selected
telephone callers

U.S. Pat. No. 5,898,762 Telephonic-interface statistical
analysis system

U.S. Pat. No. 5,898,759 Telephone answering machine with
on-line switch function

U.S. Pat. No. 5,896,446 Coin operated telephone auditor
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U.S. Pat. No. 5,894,505 Telephone answering machine

U.S. Pat. No. 5,893,902 Voice recognition bill payment sys-
tem with speaker verification and confirmation

U.S. Pat. No. 5,878,126 Method for routing a call to a desti-
nation based on range identifiers for geographic area
assignments

U.S. Pat. No. 5,872,833 Telephone transaction processing as
a part of a call transport

U.S. Pat. No. 5,867,572 Customer queuing arrangement

U.S. Pat. No. 5,867,564 Time-of-day clock synchronization
in communications networks

U.S. Pat. No. 5,867,559 Real-time, on-line, call verification
system

U.S. Pat. No. 5,857,013 Method for automatically returning
voice mail messages

U.S. Pat. No. 5,854,832 Monitoring system and method used
in automatic call distributor for timing incoming telephone
calls

U.S. Pat. No. 5,850,428 Message management system and
method

U.S. Pat. No. 5,848,143 Communications system using a
central controller to control at least one network and agent
system

U.S. Pat. No. 5,841,852 Method and system for telecommu-
nications language support

U.S. Pat. No. 5,838,779 Adjunct controller for a telephone
system

U.S. Pat. No. 5,838,772 Voice services equipment

U.S. Pat. No. 5,835,572 Customized, billing controlled call
bridging system

U.S. Pat. No. 5,828,734 Telephone interface call processing
system with call selectivity

U.S. Pat. No. 5,828,731 Method and apparatus for non-offen-
sive termination of an outbound call and for detection of an
answer of an outbound call by an answering machine

U.S. Pat. No. 5,825,869 Call management method and system
for skill-based routing

U.S. Pat. No. 5,822,410 Churn amelioration system and
method therefor

U.S. Pat. No. 5,822,401 Statistical diagnosis in interactive
voice response telephone system

U.S. Pat. No. 5,822,400 Call record scheduling system and
method

U.S. Pat. No. 5,815,566 Apparatus and method for dynamic
inbound/outbound call management and for scheduling
appointments

U.S. Pat. No. 5,815,554 Method and system for indicating
operator availability

U.S. Pat. No. 5,815,551 Telephonic-interface statistical
analysis system

U.S. Pat. No. 5,812,642 Audience response monitor and
analysis system and method

U.S. Pat. No. 5,806,071 Process and system for configuring
information for presentation at an interactive electronic
device

U.S. Pat. No. 5,799,077 Method of and apparatus for auto-
matic dialing

U.S. Pat. No. 5,796,816 Device and method for cleaning
telephone number list

U.S. Pat. No. 5,796,791 Network based predictive dialing

U.S. Pat. No. 5,793,846 Telephonic-interface game control
system

U.S. Pat. No. 5,787,159 Use of caller ID information

U.S. Pat. No. 5,787,156 Telephonic-interface lottery system

U.S. Pat. No. 5,774,537 Method and apparatus for displaying
multiple languages in key phone system

U.S. Pat. No. 5,768,355 Three-way call detection system
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U.S. Pat. No. 5,761,285 Universal telephony application cli-
ent that is configurable from a profile for a telephone call
campaign

U.S. Pat. No. 5,748,711 Telephone transaction processing as
a part of call transport

U.S. Pat. No. 5,742,675 Method and apparatus for automati-
cally distributing calls to available logged-in call handling
agents

U.S. Pat. No. 5,740,233 System and method for statistical
diagnosis of the operation of an automated telephone sys-
tem

RE35,758 Voice/data-formatted telephone information stor-
age and retrieval system

U.S. Pat. No. 5,729,600 Automatic call distributor with auto-
mated voice responsive call servicing system and method

U.S. Pat. No. 5,727,154 Program synchronization on first and
second computers by determining whether information
transmitted by first computer is an acceptable or unaccept-
able input to second computer program

U.S. Pat. No. 5,724,418 Call distributor

U.S. Pat. No. 5,717,741 Method for handling telephonic mes-
sages

U.S. Pat. No. 5,703,935 Automated telephone operator ser-
vices

U.S. Pat. No. 5,701,295 Variable communication bandwidth
for providing automatic call back and call hold

U.S. Pat. No. 5,699,418 Telephone circuit

U.S. Pat. No. 5,696,818 Delay announcement group and time
controller for a telephone system

U.S. Pat. No. 5,696,809 Advanced intelligent network based
computer architecture for concurrent delivery of voice and
text data using failure management system

U.S. Pat. No. 5,692,034 Customized, billing-controlled call
bridging system

U.S. Pat. No. 5,692,033 AIN queuing for call-back system

U.S. Pat. No. 5,687,225 System for adding outbound dialing
to inbound call distributors

U.S. Pat. No. 5,684,863 Telephonic-interface statistical
analysis system

U.S. Pat. No. 5,675,637 Method for automatically obtaining
and presenting data from multiple data sources

U.S. Pat. No. 5,661,283 Automated patching between ATM
and consultant

U.S. Pat. No. 5,657,074 Apparatus for reproducing still
images with music

U.S. Pat. No. 5,655,014 Switching device independent com-
puter-telephone integration system

U.S. Pat. No. 5,655,013 Computer-based method and appa-
ratus for controlling, monitoring, recording and reporting
telephone access

U.S. Pat. No. 5,652,788 Key telephone apparatus

U.S. Pat. No. 5,646,988 Incoming call controller for prefer-
entially connecting a waiting call based on number of
previous unsuccessful call attempts

U.S. Pat. No. 5,646,986 Network communication system
with global event calendar information and trunk alloca-
tion

U.S. Pat. No. 5,638,436 Voice detection

U.S. Pat. No. 5,636,268 Communication system with queues

U.S. Pat. No. 5,636,267 Cleaning system for telephone num-
ber list

U.S. Pat. No. 5,633,917 Remote-control telephone answering
system and method

U.S. Pat. No. 5,625,682 Help desk improvement

U.S. Pat. No. 5,625,676 Method and apparatus for monitoring
a caller’s name while using a telephone



US 8,582,753 B1

29

U.S. Pat. No. 5,619,557 Telephone switching system and
method for controlling incoming telephone calls to remote
agents and for collecting and providing call data

U.S. Pat. No. 5,610,978 Ring discriminator

U.S. Pat. No. 5,610,774 Audio sound recording/reproducing
apparatus using semiconductor memory

U.S. Pat. No. 5,600,710 Method for providing a recorded
message to a telephone caller when called number is busy

U.S. Pat. No. 5,594,791 Method and apparatus for providing
result-oriented customer service

U.S. Pat. No. 5,594,790 Method for selecting and controlling
the automatic dialing of a call record campaign

U.S. Pat. No. 5,592,543 Method and system for allocating
agent resources to a telephone call campaign

U.S. Pat. No. 5,590,171 Method and apparatus for commu-
nications monitoring

U.S. Pat. No. 5,588,049 Method for the automatic insertion of
removal of a calling number identification (CNID) block-
ing prefix from within a telephone number in a personal
computer based telephone management system

U.S. Pat. No. 5,586,179 System and method for adding and
integrating outbound calling and overall system control to
an existing inbound telephone system

U.S. Pat. No. 5,581,607 Customized, billing-controlled call
bridging system

U.S. Pat. No. 5,581,604 Method and apparatus for processing
an incoming call in a communication system

U.S. Pat. No. 5,581,602 Non-offensive termination of a call
detection of an answering machine

U.S. Pat. No. 5,579,383 Calling terminal controlled call cov-
erage

U.S. Pat. No. 5,579,377 Remote-control telephone answering
system and method

U.S. Pat. No. 5,577,112 Telephony system with supervisory
management center and parameter testing with alerts

U.S. Pat. No. 5,574,784 Dynamic admission control for tele-
communications relay service with text-to-speech synthe-
sis

U.S. Pat. No. 5,572,586 Communication control apparatus
and method and communication exchange apparatus and
method

U.S. Pat. No. 5,572,576 Telephone answering device linking
displayed data with recorded audio message

U.S. Pat. No. 5,570,419 System and method for an improved
predictive dialer

U.S. Pat. No. 5,568,540 Method and apparatus for selecting
and playing a voice mail message

U.S. Pat. No. 5,561,711 Predictive calling scheduling system
and method

U.S. Pat. No. 5,559,878 Telephonic communications answer-
ing and callback processing system

U.S. Pat. No. 5,559,867 Automated calling system with data-
base updating

U.S. Pat. No. 5,557,668 Call distribution system with distrib-
uted control of calls and data distribution

U.S. Pat. No. 5,555,295 Service and information manage-
ment system for a telecommunications network

U.S. Pat. No. 5,555,290 Long distance telephone switching
system with enhanced subscriber services

U.S. Pat. No. 5,546,456 Telecommunication system with
inbound call responsive predictive outdialing system and
method

U.S. Pat. No. 5,546,452 Communications system using a
central controller to control at least one network and agent
system

U.S. Pat. No. 5,544,232 Call distributor with automatic pre-
announcement system and method
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U.S. Pat. No. 5,544,220 System for integrating a stand alone
inbound automatic call distributor and an outbound auto-
matic call dialer

U.S. Pat. No. 5,537,470 Method and apparatus for handling
in-bound telemarketing calls

U.S. Pat. No. 5,535,257 Method and apparatus for managing
telephone calls in a selective call radio system controller

U.S. Pat. No. 5,533,109 Telecommunication system with user
modifiable PBX terminating call feature controller and
method

U.S. Pat. No. 5,533,107 Method for routing calls based on
predetermined assignments of callers geographic locations

U.S. Pat. No. 5,533,103 Calling system and method

U.S. Pat. No. 5,530,931 Method and apparatus for providing
a look ahead feature for enhanced call forwarding in a
telecommunications system

U.S. Pat. No. 5,528,666 Personal phone expansion system

U.S. Pat. No. 5,526,417 Automatic call distributor with auto-
mated postconversation message system

U.S. Pat. No. 5,524,140 Telephone answering device linking
displayed data with recorded audio message

U.S. Pat. No. 5,519,773 Call sharing for inbound and out-
bound call center agents

U.S. Pat. No. 5,517,566 Method for allocating agent
resources to multiple telephone call campaigns

U.S. Pat. No. 5,515,421 Automatic batch broadcast system

U.S. Pat. No. 5,511,112 Automated voice system for improv-
ing agent efficiency and improving service to parties on
hold

U.S. Pat. No. 5,506,898 Expected wait-time indication
arrangement

U.S. Pat. No. 5,502,762 System and method for simulta-
neously controlling ringing at local and remote telephones

U.S. Pat. No. 5,495,528 Digital telephone control interface
system

U.S. Pat. No. 5,495,523 Method for low priority telephony
system assisted dialing

U.S. Pat. No. 5,493,690 Foldable portable telephone set

U.S. Pat. No. 5,485,506 Method for designating recorded
messages

U.S. Pat. No. 5,481,596 Auxiliary baseband telephone inter-
face for an answering machine

U.S. Pat. No. 5,479,501 Far-end disconnect detector for tele-
phony systems

U.S. Pat. No. 5,479,487 Calling center employing unified
control system

U.S. Pat. No. 5,467,391 Integrated intelligent call blending

U.S. Pat. No. 5,465,286 Apparatus for supervising an auto-
matic call distribution telephone system

U.S. Pat. No. 5,459,781 Selectively activated dual tone multi-
frequency detector

U.S. Pat. No. 5,448,631 Apparatus for handling features in a
telephone network

U.S. Pat. No. 5,448,624 Telephone network performance
monitoring method and system

U.S. Pat. No. 5,442,693 Integrated operator console

U.S. Pat. No. 5,436,967 Held party call-back arrangement

U.S. Pat. No. 5,434,906 Method and apparatus for processing
an incoming call in a communication system

U.S. Pat. No. 5,432,835 Telephone device for amplifying
opposite party’s voice after user’s telephone is placed on-
hook

U.S. Pat. No. 5,430,792 Automated telephone calling system

U.S. Pat. No. 5,425,093 System for integrating a stand alone
inbound automatic call distributor and a outbound auto-
matic call dialer

U.S. Pat. No. 5,420,919 Telephone line current modulator
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U.S. Pat. No. 5,420,852 Digital switching system connecting
buses with incompatible protocols and telephone answer-
ing system and private automatic branch exchange with
integrated voice and textual message recording

U.S. Pat. No. 5,402,474 System, data processing method and
program to provide a programmable interface between a
workstation and an archive server to automatically store
telephone transaction information

U.S. Pat. No. 5,400,393 Voice mail digital telephone answer-
ing device

U.S. Pat. No. 5,390,236 Telephone answering device linking
displayed data with recorded audio message

U.S. Pat. No. 5,381,470 Supervisory management center with
parameter testing and alerts

U.S. Pat. No. 5,365,575 Telephonic-interface lottery system

U.S. Pat. No. 5,359,645 Voice-data telephonic interface con-
trol system

U.S. Pat. No. 5,351,285 Multiple format telephonic interface
control system

U.S. Pat. No. 5,341,414 Calling number verification service

U.S. Pat. No. 5,341,412 Apparatus and a method for predic-
tive call dialing

U.S. Pat. No. 5,333,190 Telephone ring detection method and
apparatus

U.S. Pat. No. 5,329,579 Modular adjunct processor made of
identical multi-function modules adaptable under direc-
tion of one of them to perform any of the adjunct-processor
functions

U.S. Pat. No. 5,327,490 System and method for controlling
call placement rate for telephone communication systems

U.S. Pat. No. 5,321,745 Adaptive efficient single/dual tone
decoder apparatus and method for identifying call-progres-
sion signals

U.S. Pat. No. 5,319,703 Apparatus and method for identify-
ing speech and call-progression signals

U.S. Pat. No. 5,313,516 Telephone answering device with
automatic function

U.S. Pat. No. 5,311,577 Data processing system, method and
program for constructing host access tables for integration
of telephony data with data processing systems

U.S. Pat. No. 5,311,574 Automatic customer call back for
automatic call distribution systems

U.S. Pat. No. 5,309,505 Automated voice system for improv-
ing agent efficiency and improving service to parties on
hold

U.S. Pat. No. 5,309,504 Automated identification of attendant
positions in a telecommunication system

U.S. Pat. No. 5,297,195 Method and apparatus for automatic
telephone scheduling system

U.S. Pat. No. 5,297,146 Communication terminal apparatus
and its control method

U.S. Pat. No. 5,289,530 Method and apparatus for vocally
communicating to a caller at a remote telephone station
synthesized speech of stored special service information

U.S. Pat. No. 5,283,818 Telephone answering device linking
displayed data with recorded audio message

U.S. Pat. No. 5,276,732 Remote workstation use with data-
base retrieval system

U.S. Pat. No. 5,253,289 Terminal connection device

U.S. Pat. No. 5,251,252 Telephone interface call processing
system with call selectivity

U.S. Pat. No. 5,239,574 Methods and apparatus for detecting
voice information in telephone-type signals

U.S. Pat. No. 5,224,153 Voice-data telephonic interface con-
trol system
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U.S. Pat. No. 5,218,635 Low-frequency alternating current
signal detector, in particular for central office line interface
circuits

U.S. Pat. No. 5,214,688 Method and apparatus for dynamic
and interdependent processing of inbound calls and out-
bound calls

U.S. Pat. No. 5,185,786 Automatic call center overflow
retrieval system

U.S. Pat. No. 5,168,517 Apparatus and methods for selec-
tively forwarding telephone calls

U.S. Pat. No. 5,166,974 Interactive call processor to facilitate
completion of queued calls

U.S. Pat. No. 5,164,981 Voice response system with auto-
mated data transfer

U.S. Pat. No. 5,163,087 Delivery of customer data base key
using automatic number identification

U.S. Pat. No. 5,163,083 Automation of telephone operator
assistance calls

U.S. Pat. No. 5,161,181 Automatic number identification
blocking system

U.S. Pat. No. 5,128,984 Telephone interface call processing
system with call selectivity

U.S. Pat. No. 5,121,422 Voice message storage device includ-
ing at least two analog recording mediums

U.S. Pat. No. 5,103,449 PBX transparent ANI and DNIS
using VRU

U.S. Pat. No. 5,097,528 System for integrating telephony data
with data processing systems

U.S. Pat. No. 5,081,711 Computer peripheral device control
and communication system

U.S. Pat. No. 5,077,789 Remotely commanded telephone
switch enhancing system

U.S. Pat. No. 5,073,929 Voice-data telephonic control system

U.S. Pat. No. 5,070,526 Signal analyzing system

U.S. Pat. No. 5,070,525 Method for avoiding call blocking

U.S. Pat. No. 5,063,522 Multi-user, artificial intelligent
expert system

U.S. Pat. No. 5,048,075 Telephonic-interface statistical
analysis system

U.S. Pat. No. 5,040,208 Coordinated voice and data display
having temporary storage of transaction data

U.S. Pat. No. 5,020,097 Telephone with data setting by
remote control

U.S. Pat. No. 5,020,095 Interactive call distribution processor

U.S. Pat. No. 5,016,270 Expanded telephone data organiza-
tion system

U.S. Pat. No. 5,014,298 Voice-data telephonic control system

U.S. Pat. No. 5,007,078 Automated order entry recording
method and apparatus

U.S. Pat. No. 5,007,000 Classification of audio signals on a
telephone line

U.S. Pat. No. 4,998,272 Personal voice mail system

U.S. Pat. No. 4,987,587 Method and apparatus for providing
800 number service

U.S. Pat. No. 4,979,171 Announcement and tone code gen-
erator for telephonic network and method

U.S. Pat. No. 4,975,841 Method and apparatus for reporting
customer data

U.S. Pat. No. 4,958,371 Method and apparatus for determin-
ing when a telephone handset is off-hook

U.S. Pat. No. 4,941,168 System for the recognition of auto-
mated telephone answering devices and delivery of prere-
corded messages to such devices

U.S. Pat. No. 4,935,956 Automated public phone control for
charge and collect billing

U.S. Pat. No. 4,933,964 Pacing of telephone calls for call
origination management systems
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U.S. Pat. No. 4,930,150 Telephonic interface control system
U.S. Pat. No. 4,924,501 Dial pulse selection
U.S. Pat. No. 4,894,857 Method and apparatus for customer
account servicing
U.S. Pat. No. 4,878,243 Call forwarding system and method
U.S. Pat. No. 4,866,754 Automatic telephone answering
machine utilizing voice synthesis
U.S. Pat. No. 4,852,149 Automated call filter
U.S. Pat. No. 4,807,279 Remotely programmable call for-
warding control device
U.S. Pat. No. 4,797,911 Customer account online servicing
system
U.S. Pat. No. 4,768,221 Remote reprogramming system for
telephone call forwarding service
U.S. Pat. No. 4,677,663 Telephone answering and call for-
warding improvement
U.S. Pat. No. 4,286,118 Data distribution system for private
automatic branch exchange
What is claimed is:
1. A method, comprising:
receiving a plurality of different characteristics relating to
a proposed communication;

storing in a database a data structure representing a plural-
ity of different characteristics of each of a plurality of
potential contacts;

processing the data structure with an automated processor,

to generate a prioritized list of the plurality of potential
contacts based on a combined cost function having at
least the plurality of characteristics of each of the plu-
rality of potential contacts, and the plurality of different
characteristics relating to a proposed communication as
function parameters, wherein the combined cost func-
tion has at least one term for each of the plurality of
potential contacts each term comprising a combination
of'asubset of the plurality of different characteristics and
a subset of the plurality of different characteristics relat-
ing to a proposed communication;

selecting, with the automated processor, at least one of

actual contact from the list in dependence on at least the
prioritized list; and

communicating with the selected at least one actual con-

tact.
2. The method according to claim 1, further comprising
engaging in mutually exclusive concurrent communications
between a plurality of the selected at least one actual contact.
3. The method according to claim 1, further comprising:
said receiving comprising, receiving a plurality of different
characteristics relating to each of a plurality of a pro-
posed communications with a set of communications
counterparties available for concurrent communications
with the plurality of potential contacts; and

concurrently separately communicating between a plural-
ity of selected at least one actual contact from the listand
respective members of the set of communications coun-
terparties selectively in dependence on the prioritized
list generated by the automated processor.

4. The method according to claim 1, wherein the commu-
nicating is associated with a cost determined by the auto-
mated processor, and wherein the combined cost function has
a plurality of terms for each of the plurality of potential
contacts each comprising a combination of a subset of the
plurality of different characteristics and a subset of the plu-
rality of different characteristics relating to a proposed com-
munication.

5. The method according to claim 1, wherein the selection
of the at least one actual contact from the list is associated
with a cost determined by the automated processor.
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6. The method according to claim 1, wherein the combined
cost function has as a function parameter at least an immedi-
ate cost.

7. The method according to claim 1, wherein the combined
cost function has as a function parameter at least a delayed
cost.

8. The method according to claim 1, wherein each of the
plurality of potential contacts has characteristics which are
classified as a multidimensional vector, and wherein the com-
municating has corresponding characteristics represented as
a predicted multidimensional vector having attributes pre-
dicted by the automated processor, the processing by the
automated processor ensuring a predicted adequacy of at least
one of the characteristics of the at least one actual contact with
respect to corresponding characteristics of the communicat-
ing.

9. The method according to claim 1, wherein the at least
one actual contact comprises a human.

10. The method according to claim 1, wherein the at least
one actual contact comprises a call center agent.

11. The method according to claim 1, wherein the commu-
nicating is predicted by the automated processor to change a
characteristic of the at least one actual contact, further com-
prising updating the data structure by the automated proces-
sor to reflect a change in the respective characteristic of the at
least one actual contact.

12. The method according to claim 11, wherein the pre-
dicted change in the characteristic of the at least one actual
contactis a function parameter of the combined cost function.

13. A communication system, comprising:

an input configured to receive a plurality of different char-

acteristics relating to a proposed communication;

a database configured to store a data structure representing

a plurality of different characteristics of each of a plu-
rality of potential contacts;

at least one processor configured to process the data struc-

ture, to generate a prioritized list of the plurality of
potential contacts based on a combined cost function
having as function parameters at least the plurality of
characteristics of each of the plurality of potential con-
tacts, and the plurality of different characteristics relat-
ing to a proposed communication as function param-
eters, wherein the combined cost function has at least
one term for each of the plurality of potential contacts
each term comprising a combination of a subset of the
plurality of different characteristics and a subset of the
plurality of different characteristics relating to a pro-
posed communication, and to select at least one potential
contact in dependence on the prioritized list; and

an output port configured to output a signal to identify or

control a communication with the selected at least one
potential contact.

14. The system according to claim 13, wherein the proces-
sor is further configured to optimize mutually exclusive com-
munication of a plurality of the contacts, and wherein the
combined cost function has a plurality of terms for each of the
plurality of potential contacts each term comprising a com-
bination of a subset of the plurality of different characteristics
and a subset of the plurality of different characteristics relat-
ing to a proposed communication.

15. The system according to claim 13, wherein the at least
one processor is further configured to determine a set of
communications counterparties available for concurrent
communications with the plurality of potential contacts, and
concurrently communicate between a plurality of the selected
at least one potential contact and the communications coun-
terparties selectively in dependence on a relationship of a set
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of characteristics describing the available communications
counterparties, and the data structure representing character-
istics of a plurality of potential contacts.

16. The system according to claim 13, wherein at least one
of a selection of a potential contact and the communication
with the contact is associated with a cost determined by the at
least one processor, and the at least one processor is further
configured to apply the associated cost as a function param-
eter of the combined cost function.

17. The system according to claim 13, wherein the at least
one processor is configured to predict a change in at least one
characteristic of the selected at least one potential contact,
and to update the data structure to reflect the change in the
respective characteristic of the selected at least one potential
contact, for use in a subsequent generation of a prioritized list.

18. The system according to claim 13, further comprising a
queue configured to concurrently store the received plurality
of different characteristics relating to a proposed communi-
cation, for each of a plurality of proposed communications.

19. A method, comprising:

storing a plurality of characteristics of a plurality of poten-

tial contacts in a database;

receiving a plurality of parameters relating to a plurality of

proposed communications;
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processing at least the plurality of characteristics of the
plurality of potential contacts and the plurality of param-
eters with an automated data processor, to generate a
prioritized list of potential mutually exclusive concur-
rent communications involving the plurality of potential
contacts, based on a combined cost function having at
least the plurality of characteristics, the plurality of
parameters, a communication cost with a respective
potential contact and an opportunity cost of a selection
of a respective potential contact as function parameters;
and

outputting data defining at least one set defining consistent

communications involving the proposed communica-
tions and a subset of the potential contacts, having an
optimized combined cost calculated based on the com-
bined cost function.

20. The method according to claim 19, wherein the opti-
mized combined cost is responsive to at least a cost factor of
at least one communication counterparty associated with the
plurality of parameters, and wherein the combined cost func-
tion further has a plurality of terms for each of the plurality of
potential contacts each comprising a combination of a subset
of'the plurality of characteristics and a subset of the plurality
of parameters.



