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(57) Abstract: A method comprising: determin-
ing a distribution of real agent performance
from previous real agent performance data; de-
termining a set of hypothetical agents with re-
spective hypothetical agent performances APi
ranging from a worst performance to a best per-
formance; calculating for each of the set of hy-
pothetical agents a posterior distribution taking
into account actual results of a respective actual
agent in multiple skills, using the distribution of
real agent performance and the set of hypothet-
ical agents with respective hypothetical agent
performances AP1i, to obtain a total probability
for each hypothetical agent of the set of the hy-
pothetical agents; repeating calculating the pos-
terior distribution steps for multiple of the hy-
pothetical agents to obtain the respective total
probabilities for the respective hypothetical
agents; determining one hypothetical agent with
a better value of total probability as the actual
agent's most probable global performance. This
method may also be applied to obtain caller
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Call Mapping Systems and Methods Using Bayesian Mean
Regression (BMR)

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS

[0001] This application claims priority from Provisional US Application 61/615,772 filed
03/26/2012, and from Provisional US Application 61/615,779 filed 03/26/2012, and from
Provisional US Application 61/615,788 filed on 3/26/2012, and U.S. application 13/843,807,
filed March 15, 2013, all of which are incorporated herein by reference in their entirety as if

fully set forth herein.

BACKGROUND

[0002] The present invention relates generally to the field of routing phone calls and other

telecommunications in a contact center system.

[0003] The typical contact center consists of a number of human agents, with each assigned
to a telecommunication device, such as a phone or a computer for conducting email or
Internet chat sessions, that is connected to a central switch. Using these devices, the agents
are generally used to provide sales, customer service, or technical support to the customers or

prospective customers of a contact center or a contact center’s clients.

[0004] Typically, a contact center or client will advertise to its customers, prospective
customers, or other third parties a number of different contact numbers or addresses for a
particular service, such as for billing questions or for technical support. The customers,
prospective customers, or third parties seeking a particular service will then use this contact
information, and the incoming caller will be routed at one or more routing points to a human
agent at a contact center who can provide the appropriate service. Contact centers that

respond to such incoming contacts are typically referred to as “inbound contact centers.”

[0005] Similarly, a contact center can make outgoing contacts to current or prospective
customers or third parties. Such contacts may be made to encourage sales of a product,
provide technical support or billing information, survey consumer preferences, or to assist in
collecting debts. Contact centers that make such outgoing contacts are referred to as

“outbound contact centers.”



WO 2013/148452 PCT/US2013/033261

[0006] In both inbound contact centers and outbound contact centers, the individuals (such
as customers, prospective customers, survey participants, or other third parties) that interact
with contact center agents using a telecommunication device are referred to in this
application as a “caller.” The individuals employed by the contact center to interact with

callers are referred to in this application as an “agent.”

[0007] Conventionally, a contact center operation includes a switch system that connects
callers to agents. In an inbound contact center, these switches route incoming callers to a
particular agent in a contact center, or, if multiple contact centers are deployed, to a particular
contact center for further routing. In an outbound contact center employing telephone
devices, dialers are typically employed in addition to a switch system. The dialer is used to
automatically dial a phone number from a list of phone numbers, and to determine whether a
live caller has been reached from the phone number called (as opposed to obtaining no
answer, a busy signal, an error message, or an answering machine). When the dialer obtains a

live caller, the switch system routes the caller to a particular agent in the contact center.

[0008] Routing technologies have accordingly been developed to optimize the caller
experience. For example, U.S. Patent No. 7,236,584 describes a telephone system for
equalizing caller waiting times across multiple telephone switches, regardless of the general
variations in performance that may exist among those switches. Contact routing in an
inbound contact center, however, is a process that is generally structured to connect callers to
agents that have been idle for the longest period of time. In the case of an inbound caller
where only one agent may be available, that agent is generally selected for the caller without
further analysis. In another example, if there are eight agents at a contact center, and seven
are occupied with contacts, the switch will generally route the inbound caller to the one agent
that is available. If all eight agents are occupied with contacts, the switch will typically put
the contact on hold and then route it to the next agent that becomes available. More generally,
the contact center will set up a queue of incoming callers and preferentially route the longest-
waiting callers to the agents that become available over time. Such a pattern of routing
contacts to cither the first available agent or the longest-waiting agent is referred to as
“round-robin” contact routing. In round robin contact routing, eventual matches and

connections between a caller and an agent are essentially random.
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[0009] Some attempts have been made to improve upon these standard yet essentially
random processes for connecting a caller to an agent. For example, U.S. Patent No. 7,209,549
describes a telephone routing system wherein an incoming caller’s language preference is
collected and used to route their telephone call to a particular contact center or agent that can
provide service in that language. In this manner, language preference is the primary driver of
matching and connecting a caller to an agent, although once such a preference has been

made, callers are almost always routed in “round-robin” fashion.
BRIEF SUMMARY OF SOME EMBODIMENTS

[0010] In embodiments, a method is provided comprising: determining or obtaining or
receiving, by one or more computers, a distribution of real agent performance from previous
real agent performance data for a respective skill k in a set of skills; determining, by the one
or more computers, a set of hypothetical agents with respective hypothetical agent
performances AP; ranging from a worst performance to a best performance for the respective
skill k; calculating for each of the set of hypothetical agents, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual agent in each of
the set of skills, using the distribution of real agent performance and the set of hypothetical
agents with respective hypothetical agent performances AP;, to obtain a total probability for
cach hypothetical agent of the set of the hypothetical agents; repeating, by the one or more
computers, the calculating the posterior distribution steps for multiple of the hypothetical
agents in the set of hypothetical agents to obtain the respective total probabilities for the
respective hypothetical agents; and determining, by the one or more computers, one of the
hypothetical agents with a better value of total probability TP as the actual agent’s most
probable global performance.

[0011] In embodiments, the agent performance is one selected from the group of sale or no
sale, revenue per call, and revenue generating units (RGU) per call, and handle time.

[0012] In embodiments, the agent skills k comprise two or more selected from the group of
sales of product or service A, sales of product or service B, and providing service advice for a
product C.

[0013] In embodiments, the most probable global performance determining step comprises
selecting one of the hypothetical agents with a best value of total probability TP as the actual

agent’s most probable global performance.
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[0014] In embodiments, the set of hypothetical agents comprises at least 10 hypothetical
agents. In embodiments, the set of hypothetical agents comprises at least 50 hypothetical
agents. In embodiments, the set of hypothetical agents comprises at least 100 hypothetical
agents.

[0015] In embodiments, the real agent performance is binomial and distribution of real
agent performance is truncated at least at one end thereof.

[0016] In embodiments, the calculating the posterior distribution comprises: calculating for
cach hypothetical agent, 1, in the set of hypothetical agents, by the one or more computers, for
a first skill k and the hypothetical agent performance AP; for the respective hypothetical
agent, 1, a probability of the evidence POE;y that the respective hypothetical agent 1 would
obtain S sales on N calls, that the respective actual agent in that skill k obtained; and
calculating, by the one or more computers, a total probability TP; for the hypothetical agent 1,
comprising multiplying AP; for the hypothetical agent by the POEj for each skill k for the
hypothetical agent 1.

[0017] In embodiments, the method may further comprise: using, by the one or more
computers, demographic data or psychographic data of the agents and demographic data or
psychographic data of the callers in a multi-element pattern matching algorithm in a pair-wise
fashion for a desired outcome to obtain a valuation for each of multiple of agent-caller pairs,
and combining, by the one or more computers, results of the pattern matching algorithm and
the respective most probable global performances of the respective agents to select one of the
agent-caller pairs.

[0018] In embodiments, a method is provided, comprising: determining or obtaining or
receiving, by one or more computers, a distribution of real caller propensity from previous
real caller propensity data for a respective caller partition in a set of caller partitions;
determining, by the one or more computers, a set of hypothetical callers with respective
hypothetical caller propensities CP; ranging from a worst propensity to a best propensity;
calculating for each of the set of hypothetical callers, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual caller in
multiple of the caller partitions, using the distribution of real caller propensity and the set of
hypothetical callers with respective hypothetical caller propensities CP;, to obtain a total

probability for each hypothetical caller of the set of the respective hypothetical callers;
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repeating, by the one or more computers, the calculating the posterior distribution steps for
multiple of the hypothetical callers in the set of hypothetical callers to obtain the respective
total probabilities for the respective hypothetical callers; and determining, by the one or more
computers, one of the hypothetical callers with a better value of total probability TP as the
actual callers’s most probable global propensity.

[0019] In embodiments, the caller propensity is one selected from the group of product or
service A or no purchase, purchase of product or service B or no purchase, purchase of
product or service C or no purchase, revenue generating units (RGU) per call, and handle
time.

[0020] In embodiments, the partition is based at least in part on one or more selected from
the group of demographic data, area code, zip code, NPANXX, VTN, geographic area, 800
number, and transfer number.

[0021] In embodiments, the calculating the posterior distribution comprises: calculating for
cach hypothetical caller, 1, in the set of hypothetical callers, by the one or more computers,
for a first partition and the hypothetical caller propensity CP; for the respective hypothetical
caller, 1, a probability of the evidence POEj that the respective hypothetical caller 1 would
have S sales, that the respective actual caller in that partition k had; and calculating, by the
one or more computers, a total probability TP; for the hypothetical caller 1, comprising
multiplying CP; for the hypothetical caller by the POEj for each partition k for the
hypothetical caller i.

[0022] In embodiments, a system is disclosed comprising: one or more computers
configured with program code that, when executed, causes performance of the following
steps: determining or obtaining or receiving, by the one or more computers, a distribution of
real agent performance from previous real agent performance data for a respective skill k in a
set of skills; determining, by the one or more computers, a set of hypothetical agents with
respective hypothetical agent performances AP; ranging from a worst performance to a best
performance for the respective skill k; calculating for each of the set of hypothetical agents,
by the one or more computers, a posterior distribution taking into account actual results of a
respective actual agent in the set of skills, using the distribution of real agent performance
and the set of hypothetical agents with respective hypothetical agent performances AP;, to

obtain a total probability for each hypothetical agent of the set of the hypothetical agents;
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repeating, by the one or more computers, the calculating the posterior distribution steps for
multiple of the hypothetical agents in the set of hypothetical agents to obtain the respective
total probabilities for the respective hypothetical agents; and determining, by the one or more
computers, one of the hypothetical agents with a better value of total probability TP as the
actual agent’s most probable global performance.

[0023] In embodiments, a system is disclosed, comprising: one or more computers
configured with program code that, when executed, causes performance of the following
steps: determining or obtaining or receiving, by the one or more computers, a distribution of
real caller propensity from previous real caller propensity data for a respective caller partition
in a set of caller partitions; determining, by the one or more computers, a set of hypothetical
callers with respective hypothetical caller propensities CP; ranging from a worst propensity to
a best propensity; calculating for each of the set of hypothetical callers, by the one or more
computers, a posterior distribution taking into account actual results of a respective actual
caller in multiple of the caller partitions, using the distribution of real caller propensity and
the set of hypothetical callers with respective hypothetical caller propensities CPj, to obtain a
total probability for each hypothetical caller of the set of the respective hypothetical callers;
repeating, by the one or more computers, the calculating the posterior distribution steps for
multiple of the hypothetical callers in the set of hypothetical callers to obtain the respective
total probabilities for the respective hypothetical callers; and determining, by the one or more
computers, one of the hypothetical callers with a better value of total probability TP as the
actual callers’s most probable global propensity.

[0024] In embodiments, a program product is provided comprising: a non-transitory
computer-readable medium configured with computer-readable program code, that when
executed, by one or more computers, causes the performance of the steps: determining or
obtaining or receiving, by the one or more computers, a distribution of real agent
performance from previous real agent performance data for a respective skill k in a set of
skills; determining, by the one or more computers, a set of hypothetical agents with
respective hypothetical agent performances AP; ranging from a worst performance to a best
performance for the respective skill k; calculating for each of the set of hypothetical agents,
by the one or more computers, a posterior distribution taking into account actual results of a

respective actual agent in each of the set of skills, using the distribution of real agent
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performance and the set of hypothetical agents with respective hypothetical agent
performances AP;, to obtain a total probability for each hypothetical agent of the set of the
hypothetical agents; repeating, by the one or more computers, the calculating the posterior
distribution steps for multiple of the hypothetical agents in the set of hypothetical agents to
obtain the respective total probabilities for the respective hypothetical agents; and
determining, by the one or more computers, one of the hypothetical agents with a better value

of total probability TP as the actual agent’s most probable global performance.

[0025] In embodiments, a program product is provided comprising: a non-transitory
computer-readable medium configured with computer-readable program code, that when
executed, by one or more computers, causes the performance of the steps: determining or
obtaining or receiving, by one or more computers, a distribution of real caller propensity from
previous real caller propensity data for a respective caller partition in a set of caller partitions;
determining, by the one or more computers, a set of hypothetical callers with respective
hypothetical caller propensities CP; ranging from a worst propensity to a best propensity;
calculating for each of the set of hypothetical callers, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual caller in
multiple of the caller partitions, using the distribution of real caller propensity and the set of
hypothetical callers with respective hypothetical caller propensities CP;, to obtain a total
probability for each hypothetical caller of the set of the respective hypothetical callers;
repeating, by the one or more computers, the calculating the posterior distribution steps for
multiple of the hypothetical callers in the set of hypothetical callers to obtain the respective
total probabilities for the respective hypothetical callers; and determining, by the one or more
computers, one of the hypothetical callers with a better value of total probability TP as the

actual callers’s most probable global propensity.

[0026] The examples can be applied broadly to different processes for matching callers and
agents. For instance, exemplary processes or models may include conventional queue routing,
performance based matching (e.g., ranking a set of agents based on performance and
preferentially matching callers to the agents based on a performance ranking or score), an
adaptive pattern matching algorithm or computer model for matching callers to agents (e.g.,
comparing caller data associated with a caller to agent data associated with a set of agents),

affinity data matching, combinations thereof, and so on. The methods may therefore operate
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to output scores or rankings of the callers, agents, and/or caller-agent pairs for a desired
optimization of an outcome variable (e.g., for optimizing cost, revenue, customer satisfaction,
and so on). In one example, different models may be used for matching callers to agents and
combined in some fashion with the exemplary multiplier processes, e.g., linearly weighted
and combined for different performance outcome variables (e.g., cost, revenue, customer

satisfaction, and so on).

[0027] According to another aspect, computer-readable storage media and apparatuses are
provided for mapping and routing callers to agents according to the various processes
described herein. Many of the techniques described here may be implemented in hardware,
firmware, software, or combinations thereof. In one example, the techniques are implemented
in computer programs executing on programmable computers that each includes a processor,
a storage medium readable by the processor (including volatile and nonvolatile memory
and/or storage elements), and suitable input and output devices. Program code is applied to
data entered using an input device to perform the functions described and to generate output
information. The output information is applied to one or more output devices. Moreover, each
program is preferably implemented in a high level procedural or object-oriented
programming language to communicate with a computer system. However, the programs can
be implemented in assembly or machine language, if desired. In any case, the language may

be a compiled or interpreted language.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1 is a diagram reflecting the general setup of a contact center and its

operation.

[0029] Figure 2 illustrates an exemplary routing system having a routing engine for routing

callers based on performance and/or pattern matching algorithms.

[0030] Figure 3 illustrates an exemplary routing system having a mapping engine for
matching callers to agents based on a probability multiplier process alone or in combination

with one or more additional matching processes.

[0031] Figures 4A and 4B illustrate an exemplary probability matching process and random

matching process, respectively.
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[0032] Figures SA and 5B illustrate exemplary probability matching processes for matching

a caller to an agent.

[0033] Figures 6A and 6B illustrate exemplary three-dimensional plots of agent
performance, client propensity, and the probability of a sale for particular caller-agent

pairings.

[0034] Figure 7 illustrates an exemplary probability matching process or computer model

for matching callers to agents based on probabilities of outcome variables.

[0035] Figure 8 illustrates an exemplary probability matching process or computer model

for matching callers to agents based on probabilities of outcome variables.

[0036] Figure 9 illustrates an exemplary probability matching process or computer model

for matching callers to agents based on probabilities of outcome variables.

[0037] Figure 10 illustrates a typical computing system that may be employed to implement

some or all processing functionality in certain embodiments of the invention.

[0038] Figure 11 illustrates an exemplary process for determining an actual agent’s global

performance based at least in part in posterior distribution calculations.

[0039] Figure 12 illustrates an exemplary process for determining a callers agent’s global

propensity based at least in part in posterior distribution calculations.

DETAILED DESCRIPTION

[0040] The following description is presented to enable a person of ordinary skill in the art
to make and use the invention, and is provided in the context of particular applications and
their requirements. Various modifications to the embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be applied to other
embodiments and applications without departing from the spirit and scope of the invention.
Moreover, in the following description, numerous details are set forth for the purpose of
explanation. However, one of ordinary skill in the art will realize that the invention might be
practiced without the use of these specific details. In other instances, well-known structures
and devices are shown in block diagram form in order not to obscure the description of the

invention with unnecessary detail. Thus, the present invention is not intended to be limited to
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the embodiments shown, but is to be accorded the widest scope consistent with the principles

and features disclosed herein.

[0041] While the invention is described in terms of particular examples and illustrative
figures, those of ordinary skill in the art will recognize that the invention is not limited to the
examples or figures described. Those skilled in the art will recognize that the operations of
the various embodiments may be implemented using hardware, software, firmware, or
combinations thereof: as appropriate. For example, some processes can be carried out using
processors or other digital circuitry under the control of software, firmware, or hard-wired
logic. (The term “logic” herein refers to fixed hardware, programmable logic and/or an
appropriate combination thereof, as would be recognized by one skilled in the art to carry out
the recited functions.) Software and firmware can be stored on computer-readable storage
media. Some other processes can be implemented using analog circuitry, as is well known to
one of ordinary skill in the art. Additionally, memory or other storage, as well as

communication components, may be employed in embodiments of the invention.

[0042] According to certain aspects of the present invention, systems. and methods are
provided for matching callers to agents within a call routing center based on similar rankings
or relative probabilities for a desired outcome variable. In one example, an exemplary
probability multiplier process include matching the best agents to the best callers, the worst
agents to worst callers, and so on, based on the probability of a desired outcome variable. For
instance, agents may be scored or ranked based on performance for an outcome variable such
as sales, customer satisfaction, cost, or the like. Additionally, callers can be scored or ranked
for an outcome variable such as propensity or statistical chance to purchase (which may be
based on available caller data, e.g., phone number, area code, zip code, demographic data,
type of phone used, historical data, and so on). Callers and agents can then be matched
according to their respective rank or percentile rank; for example, the highest ranking agent
matched with the highest ranking caller, the second highest ranked agent with the second

highest caller, and so on.

[0043] The exemplary probability multiplier process takes advantage of the inherent
geometric relationship of multiplying the different probabilities, for example, a 30% sales
rate agent with a 30% buying customer (giving you a total chance of 9%) as opposed to

matching a 20% or 10% sales rate agent with that same customer (resulting in a 6% or 3%

10
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chance). When used across all agents and callers, the process results in a higher overall
predicted chance of a particular outcome variable, such as sales, than a random matching

Proccess.

[0044] In one example, in addition to using relative ranks of agents and callers to match
callers to agents, a pattern matching algorithm using agent and/or caller demographic data
may be used. For instance, agents and callers may be matched based on demographic data via
a pattern matching algorithm, such as an adaptive correlation algorithm. The caller-agent
matches from the probability multiplier algorithm and pattern matching algorithms can be
combined, e.g., linearly combined with or without weightings, to determine a final match for

routing a caller to an agent.

[0045] Initially, exemplary call routing systems and methods are described for matching
callers to available agents. This description is followed by exemplary systems and methods
for ranking or ordering callers and agents based on an outcome variable, e.g., sales, customer
satisfactions, or the like, and matching agents to callers based on the relative rankings. For
instance, matching the highest ranking agent for a particular outcome variable with the
highest ranking caller for a particular outcome variable, matching the lowest ranking agent

with the lowest ranking caller, and so on.

[0046] Figure 1 is a diagram reflecting the general setup of a typical contact center
operation 100. The network cloud 101 reflects a specific or regional telecommunications
network designed to receive incoming callers or to support contacts made to outgoing callers.
The network cloud 101 can comprise a single contact address, such as a telephone number or
email address, or multiple contact addresses. The central router 102 reflects contact routing
hardware and software designed to help route contacts among call centers 103. The central
router 102 may not be needed where there is only a single contact center deployed. Where
multiple contact centers are deployed, more routers may be needed to route contacts to
another router for a specific contact center 103. At the contact center level 103, a contact
center router 104 will route a contact to an agent 105 with an individual telephone or other
telecommunications equipment 105. Typically, there are multiple agents 105 at a contact

center 103.

11
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[0047] Figure 2 illustrates an exemplary contact center routing system 200 (which may be
included with contact center router 104 of Figure 1). Broadly speaking, routing system 200 is
operable to match callers and agents based, at least in part and in one example, on a
probability multiplier process based on agent performance and caller propensity (e.g.,
statistical chance or likelihood) for a particular outcome variable. Routing system 200 may
further be operable to match callers based on pattern matching algorithms using caller data
and/or agent data alone or in combination with the probability multiplier process. Routing
system 200 may include a communication server 202 and a routing engine 204 for receiving

and matching callers to agents (referred to at times as “mapping” callers to agents).

[0048] In one example, and as described in greater detail below, routing engine 204 is
operable to determine or retrieve performance data for available agents and caller propensity
for an outcome variable from callers on hold. The performance data and caller propensity
data may be converted to percentile ranks for each and used to match callers to agents based
on the closest match of percentile ranks, respectively, thereby resulting in high performing

agents matched to callers with a high propensity to purchase, for example.

[0049] Agent data may include agent grades or rankings, agent historical data, agent
demographic data, agent psychographic data, and other business-relevant data about the agent
(individually or collectively referred to in this application as “agent data”). Agent and caller
demographic data can comprise any of: gender, race, age, education, accent, income,
nationality, ethnicity, area code, zip code, marital status, job status, and credit score. Agent
and caller psychographic data can comprise any of introversion, sociability, desire for
financial success, and film and television preferences. It is further noted that certain data,
such an area code, may provide statistical data regarding probable income level, education
level, ethnicity, religion, and so on, of a caller which may be used by the exemplary process

to determine a propensity of caller for a particular outcome variable, for example.

[0050] Additionally, in some examples, routing engine 204 may additionally include
pattern matching algorithms and/or computer models, which may adapt over time based on
the performance or outcomes of previous caller-agent matches. The additional pattern
matching algorithms may be combined in various fashions with a probability multiplier
process to determine a routing decision. In one example, a pattern matching algorithm may

include a neural network based adaptive pattern matching engine as is known in the art; for

12
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example, a resilient backpropagation (RProp) algorithm, as described by M. Riedmiller,
H.Braun: “A Direct Adaptive Method for Faster backpropagation Learning: The RPROP
Algorithm,” Proc. of the IEEE Intl. Cont’. on Neural Networks 1993, which is incorporated
by reference herein in its entirety. Various other exemplary agent performance and pattern
matching algorithms and computer model systems and processes which may be included with
contact routing system and/or routing engine 204 are described, for example, in U.S. Serial
No. 12/021,251, filed January 28, 2008, and U.S. Serial No. U.S. Patent application serial no.
12/202,091, filed August 29,2008, both of which are hereby incorporated by reference in
their entirety. Of course, it will be recognized that other performance based or pattern
matching algorithms and methods may be used alone or in combination with those described

here.

[0051] Routing system 200 may further include other components such as collector 206 for
collecting caller data of incoming callers, data regarding caller-agent pairs, outcomes of
caller-agent pairs, agent data of agents, historical performance data of agents, and the like.
Further, routing system 200 may include a reporting engine 208 for generating reports of
performance and operation of routing system 200. Various other servers, components, and
functionality are possible for inclusion with routing system 200. Further, although shown as a
single hardware device, it will be appreciated that various components may be located
remotely from each other (e.g., communication server 202 and routing engine 204 need not
be included with a common hardware/server system or included at a common location).
Additionally, various other components and functionality may be included with routing

system 200, but have been omitted here for clarity.

[0052] Figure 3 illustrates further detail of exemplary routing engine 204. Routing engine
204 includes a main mapping engine 304, which may include one or more mapping engines
therein for use alone or in combination with other mapping engines. In some examples,
routing engine 204 may route callers based solely or in part on performance data associated
with agents and caller data associated with the propensity or chances of a particular outcome
variable. In other examples, routing engine 204 may further make routing decisions based
solely or in part on comparing various caller data and agent data, which may include, ¢.g.,
performance based data, demographic data, psychographic data, type of phone/phone
number, BTN-data, and other business-relevant data. Additionally, affinity databases (not
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shown) may be used and such information received by routing engine 204 and/or mapping
engine 304 for making or influencing routing decisions. Database 312 may include local or
remote databases, third party services, and so on (additionally, mapping engine 304 may

receive agent data from database 314 if applicable for the particular mapping process).

[0053] In one example, relative agent performance may be determined by ranking or
scoring a set of agents based on performance for a particular outcome variable (such as
revenue generation, cost, customer satisfaction, combinations thereof, and the like). Further,
the relative agent performance may be converted to a relative percentile ranking. Processing
engine 320-1, for example, may determine or receive relative agent performance data for one
or more outcome variables. Additionally, processing engine 320-1 may receive or determine
a propensity of a caller for a particular outcome variable (such as propensity to purchase,
length of call, to be satisfied, combinations thereof, and the like). The propensity of a caller
may be determined from available caller data. The relative performance data of the agents
and propensity data of the callers may then be used to match a caller and an agent based on
corresponding ranking. In some examples, the performance and propensity data is converted
to relative percentile rankings for the callers and agents, and matching callers and agents

based on the closest respective relative percentiles.

[0054] Processing engine 320-2, in one example, includes one or more pattern matching
algorithms, which operate to compare available caller data with a caller to agent data
associated a set of agents and determine a suitability score of each caller-agent pair.
Processing engine 320-2 may receive caller data and agent data from various databases (e.g.,
312 and 314) and output caller-agent pair scores or a ranking of caller-agent pairs, for
example. The pattern matching algorithm may include a correlation algorithm such as a

neural network algorithm, genetic algorithm, or other adaptive algorithm(s).

[0055] Additionally, a processing engine may include one or more affinity matching
algorithms, which operate to receive affinity data associated with the callers and/or agents.
Affinity data and/or affinity matching algorithms may be used alone or in combination with

other processes or models discussed herein.

[0056] Routing engine 204 may further include selection logic (not shown) for selecting

and/or weighting one or more of the plurality of processing engines 320-1 and 320-2 for
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mapping a caller to an agent. For example, selection logic may include rules for determining
the type and amount of caller data that is known or available and selecting an appropriate
processing engine 320-1,320-2, etc., or combinations thereof. Selection logic may be
included in whole or in part with routing engine 204, mapping engine 304, or remotely to
both.

[0057] Further, as indicated in Figure 3 at 350, call history data (including, ¢.g., caller-
agent pair data and outcomes with respect to cost, revenue, customer satisfaction, and so on)
may be used to retrain or modify processing engines 320-1 and 320-2. For instance, the agent
performance data may be updated periodically (e.g., daily) based on historical outcomes to
re-rank the agents. Further, historical information regarding callers may be used to update

information regarding caller propensities for particular outcome variables.

[0058] In some examples, routing engine 204 or main mapping engine 304 may further
include a conventional queue based routing processes, which may store or access hold or idle
times of callers and agents, and operate to map callers to agents based on a hold time or
queue order of the callers (and/or agents). Further, various function or time limits may be
applied to callers on hold to ensure that callers are not held too long awaiting an agent. For
instance, if a caller’s time limit (whether based on a predetermined value or function related

to the caller) is exceeded the caller can be routed to the next available agent.

[0059] Additionally, an interface may be presented to a user allowing for adjustment of
various aspects of the exemplary systems and methods, for example, allowing adjustments of
the number of different models, degrees, and types of caller data. Further, an interface may
allow for the adjustment of the particular models used for different degrees or types, for
example, adjusting an optimization or weighting of a particular model, changing a model for
a particular degree or type of caller data, and so on. The interface may include a slider or
selector for adjusting different factors in real-time or at a predetermined time. Additionally,
the interface may allow a user to turn certain methods on and off, and may display an
estimated effect of changes. For instance, an interface may display the probable change in
one or more of cost, revenue generation, or customer satisfaction by changing aspects of the
routing system. Various estimation methods and algorithms for estimating outcome variables
are described, for example, in co-pending U.S. provisional Patent application serial no.

611084,201, filed on July 28, 2008, and which is incorporated herein by reference in its
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entirety. In one example, the estimate includes evaluating a past time period of the same (or
similar) set of agents and constructing a distribution of agent/caller pairs. Using each pair, an
expected success rate can be computed via the performance based matching, pattern matching
algorithm, etc., and applied to current information to estimate current performance (e.g., with
respect to one or more of sales, cost, customer satisfaction, etc.). Accordingly, taking
historical call data and agent information the system can compute estimates of changing the
balance or weighting of the processing methods. It is noted that a comparable time (e.g., time
of day, day of the week etc.) for the historical information may be important as performance

will likely vary with time.

[0060] Figure 4A schematically illustrates an exemplary probability multiplier process for
matching callers and agents and Figure 4B illustrates a random matching process (e.g., queue
based or the like). These illustrative examples assume that there are five agents and five
callers to be matched. The agents can be ranked based on performance of a desired outcome
variable. For instance, the agents may be scored and ordered based on a statistical chance of
completing a sale based on historical sales rate data. Additionally, the callers can be scored
and ranked based on a desired outcome variable, for example, on a propensity or likelihood to
purchase products or services. The callers may be ranked and ordered based on known or
available caller data including, for example, demographic data, zip codes, area codes, type of
phone used, and so on, which are used to determine a statistical or historical chance of the

caller making a purchase.

[0061] The agents and callers are then matched to each other based on the ranking, where
the highest ranked agent is matched to the highest ranked caller, the second highest ranked
agent matched to the second highest ranked caller, and so on. Matching the best to the best
and worst to the worst results in an increase product of the matched pairs compared to
randomly matching callers to agents as shown in Figure 4B. For instance, using illustrative
sales rates for agents A1-AS5 (e.g., based on past agent performance) and the chance of callers
C1-C5 making a purchase (e.g., based on caller data such as demographic data, caller data,

and so on), the product of the matches shown in Figure 4A is as follows:

(0.09%0.21) + (0.07%0.12) + (0.06*0.04) + (0.05%0.03) + (0.02*0.02) 0.0316
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[0062] In contrast, for a random matching, as illustrated in Figure 4B and using the same

percentages, the product is as follows:

(0.09%0.12) + (0.07%0.02) + (0.06%0.21) + (0.05*0.03) + (0.02%0.04) 0.0271

[0063] Accordingly, matching the highest ranking agent with the highest ranking caller and
the worst ranking agent with the worst ranking caller increases the overall product, and thus

chances of optimizing the desired outcome variable (e.g., sales).

[0064] Figure SA schematically illustrates an exemplary process for matching callers on
hold to an agent that becomes free. In this example, all agents A1-A5 on duty or all that
might become free within a reasonable hold time of callers C1-C5 are scored or ranked as
previously described. Additionally, callers C1-C5 are scored or ranked as previously
described. As an agent, e.g., agent A2 becomes free the process determines that caller C2 is
the same (or similar) rank as agent A2 and caller C2 is matched thereto. The remaining
callers on hold may then be re-ranked for matching when the next agent becomes free.
Additionally, as new callers are placed on hold the callers can be reranked in a real-time
fashion. The exemplary process operates in a similar fashion for multiple free agents and a

caller becomes free (both for inbound and outbound call centers).

[0065] It will be recognized that in most instances the number of agents and callers will not
be equal. Accordingly, the callers (and/or agents) can be ranked and converted to relative
percentile rankings for the callers; for example, a normalized ranking or setting the highest
ranked caller as the 100™ percentile and the lowest ranked caller as the 0™ percentile. The
agents may be similarly converted to relative percentile rankings. As an agent becomes free,
the agent may be matched to the caller having the closest relative percentile rank to the
agent’s relative percentile rank. In other examples, as an agent becomes free the agent can be
compared to the ranking of at least a portion of callers on hold to compute Z-scores for each
agent-caller pair. The highest Z-score may correspond to the smallest difference in relative
percentile rankings. Further, as noted herein, the Zscores may be used to combine the
matching with other algorithms such as pattern matching algorithms, which may also output a

Z-score.
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[0066] Figure 5B schematically illustrates exemplary methods for matching callers and
agents when an agent becomes free and multiple callers are on hold. In this example, the
callers (and in some examples the agents) are grouped in sub-groups of performance. For
instance, a range of caller performance may be divided into multiple sub-groups and callers
bucketed within each group. The top 20% of callers by performance might be grouped
together as C1,-C 1y as illustrated, followed by the next 20%, and so on. As an agent
becomes free, e.g., A2, a caller from an appropriate sub-group is matched to the caller, in this
example from C2;-C2y. Within the sub-group the caller may be chosen by a queue order,
best-match, a pattern matching algorithm, or the like. The appropriate sub-group from which

to route a caller may be determined based on the agent ranking or score, for example.

[0067] In one example, suppose it is desired to optimize a call center performance for
Outcome variable O. O can include one or more of sales rate, customer satisfaction, first call
resolution, or other variables. Suppose further that at some time there are N4 agents logged in

and N, callers in queue. Suppose that agents have performances in generating O of
A i=L.N,

and callers, partitioned by some property P, have a propensity to O of

C. i=L..N.

[0068] For example, in the case where O is sales rate and P is caller area code, A% is each
agent’s sales rate and C? is the sales rate for callers in a particular area code. Calculating the
percentile ranked agent performances (with respect to the set of logged in agents) and the
percentile ranked caller propensities (with respect to the set of callers in queue at some

instant of time) as follows:

A=l A7) =1

co=mlc’.c?) =1..N)
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where pr(a, B) is the percentile rank function which returns the rank of value a with respect

to the set of values B scaled into the range [0,100].

[0069] Suppose that all the agents are on calls when the £’th agent becomes available. Then
to determine which caller in the queue they should be connected to, compute the difference

between the percentile ranks of the newly free £’th agent and those of the callers in queue:
40 0 ( —1 )
Dj_APk_CPj J= ""’Nc

[0070] The value of j indexing the minimum element of the set {D,} gives the member of
the queue to connect to the A’th agent. A Z-score can also be derived from the D;. This has the
advantages that the highest value agent-caller pairing is the best fit of the set and that the
output from this algorithm can be combined with Z-score outputs from other algorithms since

they have the same scale.

Z,=\T,-u)o

where 4 and ¢ and the mean and standard deviation of 7 which is given by:
T,=MinD,}-D,

[0071] It will be recognized by those of skill in the art that the above example and
algorithm described for the case of two variables is not restricted to the case of two variables,
but can be extended in an obvious way to the case of more than two variables which are
monotonically related to the desired outcome. Furthermore the increase in call center
performance can be shown to increase with more variables, as will be understood and

contemplated by those of ordinary skill in the art.

[0072] Figure 6A illustrates an exemplary three-dimensional plot of agent performance
versus caller propensity along the x-axis and y-axis and the probability of a sale along the z-
axis. In this example, agent performance and caller propensity are defined as linear functions
ofx and y. For instance, without loss of generality, x € [0,1] and y € [0,1], such that the agent
propensity is:

a=cat+tmax
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where “ca” and “ma” represent the intercept and slope for the agent performance linear
function (note that in certain instances herein, multiple letters represent a single variable e.g.,
“ca” and “ma” are each single variables, and are offset by other letters to indicate a
multiplication operator). Similarly for the caller propensity:

c=cctmecy

where “cc” and “mc” represent the intercept and slope for the caller propensity linear
function. The multiplicative model probability of sale p of the product of a and c is:

p=ac

[0073] The average height d of a surface of the probability of a sale, which is graphically

illustrated in Figure 6A as surface 600, can be computed as follows:

1 ~3 i
d = f f pdxdy h — {2 ca +ma) (2 cc + mc)
(4] O 4

[0074] Determining the average height n of the diagonal of the surface height “pdiag” (a
single variable), which corresponds to multiplying similar percentile ranking agents against

callers is as follows:

pdiag = (ca + maA) (cc + mcA);

1 came  Cema manw
n = pdiagdA . ecacc+ + +
o 2 2 3

where A parametrises the diagonal function so one can integrate down the line.

[0075] The boost b, or the potential increase in performance or sales rate according to the
probability matching by corresponding rates, as illustrated by the diagonal shaded band 602

on surface 600, can be computed as follows:
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(ca o came | ooma | mamc
4 {cace + a +

- 1

b= n/d-1 = (2 ca + ma) (2 cc + me)

where the theoretical maximum boost of matching according to probability, for this
illustrative example, is 1/3. Accordingly, matching callers to agents on or near diagonal

shaded band 602 increases the probability of sales.

[0076] Figure 6B illustrates an exemplary analysis and plot for normal distribution of
callers and agents for agent performance and caller propensity (as opposed to a uniform
distribution of performance). Assuming the same definitions of agent performance and caller
propensity, a two dimensional Gaussian function can be used to represent the distribution of

call frequencies across the agents’ performance and callers’ propensities:

~(x-x0Y “ﬂ(}"—y fj}}?‘
gzc:g(x"},?)‘:()a_]”oa G‘):‘: e 2o°

[0077] The sales rate can then be represented by a function of a and ¢, where A and ¢ give
the amplitude and standard deviation of the Gaussian component respectively. Assuming that

the Gaussian is centered at {0.5, 0.5}, the probability can be written as:

pP= {1+/1g4.a’( , G) = {ca + max)ce + mcey) Ae 2o

[0078] The diagonal sales rate, d, can then be determined directly from the sales rate as:

[f
! i )
d{x, ca, ma,ce,me, o, x_):{' Ae~ 7 +] t(ca + max){ce+ mex)
t
\
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[0079] Integrating this with respect to x over [0,1] gives the sales rate for call agent pairs

occurring on the diagonal giving:

T
— & s
12
{ 1
Lm, (2’ Vo Ao er ( J((‘- ca + ma) (2 cc + me) +
2o

. - . ; 2
2 mamce (rz} +6ea{2ec+ mel+ H6ccma+4ma mc] — 6 A mame (r“}

[0080] The sales rate for random client agent pairings can be computed as:
totalsalesratefca_, ma_,cc_.mc .o, A_]= J J * salesrate{x, v, ca. ma, c¢, me, 6, A}d x dy

which expands to:

1 [ T
— {2 ca + ma) (2 cc + ma) [2!7‘,4 e erii————————] + ]}
4 2V2 o

and the boost of the algorithm can be computed as follows:

normalboost{ca ,ma_, ce_,mec , o _, A ] =

diagintegral[ca, ma, ce, me, o, A] / totalsalesrate{ca, ma, ca, mec, o, A] - 1
which results in a boost in sales of?

~

FAd

13
e 40 (1’)“" (% Vv 4@'{,1{(—-»)(( ca +ma)(2 CL+1’11L)+21‘I‘131“@!T“)

S

GealZec+mel+ 6cema+ 4dma m&:) - 0 Amame 0,.2]

~

+ 1

3 {2 ca+ ma)(2ce + me) [’2 a Aot erf[
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[0081] Accordingly, and similar to the normal distribution of Figure 6A, matching callers to
agents on or near diagonal shaded band 602 increases the probability of sales. Of course, it
will be understood that the exemplary functions, assumptions, and distributions of caller
performance and agent propensity are illustrative, and will vary based on, e.g., historical data,
feedback, and the like. Further, additional considerations and variables may be incorporated
into the general processes. Note also that while referring to Sales as the variable to optimize
in the above example, the same procedure can be applied to other variables or combinations
thereof which are to be optimized such as call handle time (e.g. cost), or first call resolution,

or many others.

[0082] To the extent that there is a discrepancy in any of the foregoing equations as
compared to Application Serial Number 12/490,949, the equations of Application Serial
Number 12/490,949 are the correct equations and take precedence. Figure 7 illustrates an
exemplary process for matching callers to agents within a call routing center. In this example,
agents are ranked based on a performance characteristic associated with an outcome variable
such as sales or customer satisfaction at 702. In some examples agent performance may be
determined for each agent from historical data over a period of time. In other examples, the
method may merely retrieve or receive agent performance data or agent ranking for the

agents.

[0083] In one example, agents are graded on an optimal interaction, such as increasing
revenue, decreasing costs, or increasing customer satisfaction. Grading can be accomplished
by collating the performance of a contact center agent over a period of time on their ability to
achieve an optimal interaction, such as a period of at least 10 days. However, the period of
time can be as short as the immediately prior contact to a period extending as long as the
agent’s first interaction with a caller. Moreover, the method of grading agents can be as
simple as ranking each agent on a scale of 1 to N for a particular optimal interaction, with N
being the total number of agents. The method of grading can also comprise determining the
average contact handle time of each agent to grade the agents on cost, determining the total
sales revenue or number of sales generated by each agent to grade the agents on sales, or
conducting customer surveys at the end of contacts with callers to grade the agents on
customer satisfaction. The foregoing, however, are only examples of how agents may be

graded; many other methods may be used.

23



WO 2013/148452 PCT/US2013/033261

[0084] Callers are ranked or scored based on an outcome variable based on caller data at
704. Callers may be ranked or scored based on a predicted chance of a particular outcome
based on known or available caller data. The amount and type of caller data may vary for
cach caller but can be used to determine a statistical chance for a particular outcome based on
historical outcomes. For instance, the only data known for a caller might be an area code,
which is associated with a particular propensity to purchase based on past interactions with
callers from the particular area code. In some examples, there may be no data associated with
the caller, in which case an average propensity or statistical chance for the particular outcome

when no data is known may be used.

[0085] Callers and agents are then matched based on their respective rankings at 706. For
example, matching the better agents to the better callers and so on as described. Additionally,
to account for an uneven number of callers and agents either or both rankings can be adjusted
or normalized and the callers and agents routed based on a closest match. For instance, the
rank of an agent may be divided by the number of agents, and similarly for the callers, and
the callers matched to agents based on a closest match (or within a certain range). The
process may then route, or cause the routing, of the caller to the agent at 708. In other
examples, the process may pass the match on to other apparatuses or processes that may use

the match in other processes or use to weight with other routing processes.

[0086] Figure 8 illustrates another exemplary process for matching callers to agents within
a call routing center. In this example, agents are ranked based on a performance characteristic
associated with an outcome variable such as sales or customer satisfaction and converted to a
relative percentile ranking at 702. For example, the raw performance values of the agents can
be converted into a relative percentile ranking; for example, a 9% sales rate might be
converted to an 85% performance ranking. In other examples, the raw performance values

can be converted to a standardized score or Z-score.

[0087] Callers are ranked or scored based on an outcome variable based on caller data and
converted to a relative percentile ranking at 804. Similar to that of the agents, raw predicted
values for the callers can be converted into a percentile ranking; for example, a 20%
propensity or likelihood to purchase might be converted to a 92% percentile ranking amongst

callers. In other examples, the raw values can be converted to a standardized score or Z-score.
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[0088] Callers and agents are then matched based on their respective relative percentile
rankings at 806. For example, the relative percentile ranking of a caller can be compared to
relative percentile ranking of agents and the caller matched to the closest agent available. In
examples where an agent becomes free and multiple callers are on hold the agent may be
matched to the closest matching caller. In other examples, a caller may be held for a
predetermined time for the best matching agent to become free and then matched and routed

to the closest matching agent.

[0089] It will be recognized that various other fashions of ranking callers and agents, and
matching callers to agents based on their respective rankings, are contemplated. For example,
generally speaking, the exemplary processes result in higher ranking callers being routed to

higher ranking agents and lower ranking callers being routed to lower ranking agents.

[0090] Figure 9 illustrates another exemplary process for matching callers to agents within
a call routing center based on both a probability multiplier process and a pattern matching
algorithm. The process includes determining relative agent performance of a set of agents for
an outcome variable at 902 and determining relative caller propensity of a set of callers for
the outcome variable at 904. The relative agent performance and relative caller propensity

may further be normalized or converted to relative percentile rankings at 906.

[0091] A portion or all of available agent data and caller data may be passed through a
pattern matching algorithm at 908. In one example, the matching algorithm includes an
adaptive pattern matching algorithm such as a neural network algorithm that is trained on

previous caller-agent pairing outcomes.

[0092] The matching algorithm may include comparing demographic data associated with
the caller and/or agent for each caller-agent pair and computing a suitability score or ranking
of caller-agent pairs for a desired outcome variable (or weighting of outcome variables).
Further, a Z-score can be determined for each caller-agent pair and outcome variable(s); for
instance, co-pending U.S. Patent Application No. 12/202,091, filed August 29,2009,
describes exemplary processes for computing Z-scores for caller-agent pairs and is

incorporated by reference herein in its entirety.

[0093] Exemplary pattern matching algorithms and computer models can include a

correlation algorithm, such as a neural network algorithm or a genetic algorithm. In one
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example, a resilient backpropagation (RProp) algorithm may be used, as described by M.
Riedmiller, H.Braun: “A Direct Adaptive Method for Faster backpropagation Learning: The
RPROP Algorithm,” Proc. of the IEEE Intl. Conf. on Neural Networks 1993, which is
incorporated by reference herein in its entirety. To generally train or otherwise refine the
algorithm, actual contact results (as measured for an optimal interaction) are compared
against the actual agent and caller data for each contact that occurred. The pattern matching
algorithm can then learn, or improve its learning of, how matching certain callers with certain
agents will change the chance of an optimal interaction. In this manner, the pattern matching
algorithm can then be used to predict the chance of an optimal interaction in the context of
matching a caller with a particular set of caller data, with an agent of a particular set of agent
data. Preferably, the pattern matching algorithm is periodically refined as more actual data on
caller interactions becomes available to it, such as periodically training the algorithm every

night after a contact center has finished operating for the day.

[0094] The pattern matching algorithm can be used to create a computer model reflecting
the predicted chances of an optimal interaction for each agent and caller matching. For
example, the computer model may include the predicted chances for a set of optimal
interactions for every agent that is logged in to the contact center as matched against every
available caller. Alternatively, the computer model can comprise subsets of these, or sets
containing the aforementioned sets. For example, instead of matching every agent logged into
the contact center with every available caller, exemplary methods and systems can match
every available agent with every available caller, or even a narrower subset of agents or
callers. The computer model can also be further refined to comprise a suitability score for

cach matching of an agent and a caller.

[0095] In other examples, exemplary models or methods may utilize affinity data associated
with callers and/or agents. For example, affinity data may relate to an individual caller’s
contact outcomes (referred to in this application as “caller affinity data”), independent of their
demographic, psychographic, or other business-relevant information. Such caller affinity data
can include the caller’s purchase history, contact time history, or customer satisfaction
history. These histories can be general, such as the caller’s general history for purchasing

products, average contact time with an agent, or average customer satisfaction ratings. These
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histories can also be agent specific, such as the caller’s purchase, contact time, or customer

satisfaction history when connected to a particular agent.

[0096] As an example, a certain caller may be identified by their caller affinity data as one
highly likely to make a purchase, because in the last several instances in which the caller was
contacted, the caller elected to purchase a product or service. This purchase history can then
be used to appropriately refine matches such that the caller is preferentially matched with an
agent deemed suitable for the caller to increase the chances of an optimal interaction. Using
this embodiment, a contact center could preferentially match the caller with an agent who
does not have a high grade for generating revenue or who would not otherwise be an
acceptable match, because the chance of a sale is still likely given the caller’s past purchase
behavior. This strategy for matching would leave available other agents who could have
otherwise been occupied with a contact interaction with the caller. Alternatively, the contact
center may instead seek to guarantee that the caller is matched with an agent with a high
grade for generating revenue; irrespective of what the matches generated using caller data

and agent demographic or psychographic data may indicate.

[0097] In one example, affinity data and an affinity database developed by the described
examples may be one in which a caller’s contact outcomes are tracked across the various
agent data. Such an analysis might indicate, for example, that the caller is most likely to be
satisfied with a contact if they are matched to an agent of similar gender, race, age, or even
with a specific agent. Using this example, the method could preferentially match a caller with
a specific agent or type of agent that is known from the caller affinity data to have generated

an acceptable optimal interaction.

[0098] Affinity databases can provide particularly actionable information about a caller
when commercial, client, or publicly-available database sources may lack information about
the caller. This database development can also be used to further enhance contact routing and
agent-to-caller matching even in the event that there is available data on the caller, as it may
drive the conclusion that the individual caller’s contact outcomes may vary from what the
commercial databases might imply. As an example, if an exemplary method was to rely
solely on commercial databases in order to match a caller and agent, it may predict that the
caller would be best matched to an agent of the same gender to achieve optimal customer

satisfaction. However, by including affinity database information developed from prior
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interactions with the caller, an exemplary method might more accurately predict that the
caller would be best matched to an agent of the opposite gender to achieve optimal customer

satisfaction.

[0099] Callers can then be matched to agents at 910 based on a comparison of relative
rankings determined in 906 and the pattern matching algorithm at 908. For instance,
outcomes of both processes may be combined, ¢.g., via a linear or non-linear combination, to

determine the best matching caller-agent pair.

[0100] The selection or mapping of a caller to an agent may then be passed to a routing
engine or router for causing the caller to be routed to the agent at 912. The routing engine or
router may be local or remote to a system that maps the caller to the agent. It is noted that
additional actions may be performed, the described actions do not need to occur in the order
in which they are stated, and some acts may be performed in parallel.

[0101] Exemplary call mapping and routing systems and methods are described, for
example, in U.S. Patent Application Nos. 12/267,471, entitled "Routing Callers to Agents
Based on Time Effect Data," filed on November 7,2008; 12/490,949, entitled "Probability
Multiplier Process for Call Center Routing," filed on June 24, 2009; and 12/266,418, entitled,
"Pooling Callers for Matching to Agents Based on Pattern Matching Algorithms," filed on
November 6, 2008, all of which are incorporated herein by reference.

[0102] Bayesian Mean Regression: Systems and methods are provided herein that can be
used to improve or optimize the mapping and routing of callers to agents in a contact center,
where the mapping and routing of callers may use performance based routing techniques, or
any matching algorithm which uses agent performance as an independent variable. In one
aspect of the present invention, systems and methods are used with Bayesian Mean
Regression (BMR) techniques to measure and/or estimate agent performance. See the
following texts for Bayesian Mean Regression: A FIRST COURSE IN BAYESIAN
STATISTICAL METHODS, Sprinter texts in Statistics, by Peter D. Hoff, November 19,
2010; INTRODUCTION TO BAYESIAN STATISTICS, 2™° Edition, by William M.
Bolstad, August 15, 2007; BAYESIAN STATISTICS: AN INTRODUCTION, by Peter M.
lee, September 4, 2012.

[0103] The example and description below is generally described in terms of agent

performance (AP), however, an analogous problem exists for estimating caller propensities,
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for instance to purchase various different products and services, and the same methodology
applies. Accordingly, to avoid repeating terms, examples will be expressed in terms of agent
performances (AP) with it being understood that this could refer to caller propensity (CP)
equally.

[0104] An exemplary call mapping and routing system can utilize three different
mathematical types of target data. Binomial, for instance conversion rate (CR) that is sale/no
sale, multinomial, e.g., a number of RGU's sold per call and continuous, ¢.g., revenue
generating units (RGU) per call, and handle time. All the techniques described here apply to
all 3 kinds of data though they need differences in the mathematical techniques used,
particularly in the BMR case, as will be recognized by those of ordinary skill in the art.
Again, to avoid cluttering the argument with repetition, term CR is used throughout but this
should be understood to be a stand in for binomial, multinomial, or continuous data.

[0105] Typically a call routing center wishes to arrive at the most accurate measurements of
agent performances (AP) that are possible given the available data. When one has large
amounts of call data in a single skill the calculation is simple (e.g., CR = # sales/# calls), but
problems may arise when there is relatively little data and when agents handle multiple
"skills," each of which may have differing CR's. With little data it may be more accurate to
take an AP value that is a weighted mixture of the raw AP and the mean AP. In the limit of
no data one would then just take the mean. Conversely, with lots of data one would calculate
AP from the real agent's data and ignore the mean. But the question arises as to how one
handles the regressing to the mean and what is the mathematically optimal method of
handling the regression to the mean. As described below, BMR is an example of handling
the regression to the mean.

[0106] Bayesian Analysis in one example, may comprise a method that is an adaption of
the Bayesian statistical method. The essential idea of Bayesian analysis is to combine
previous knowledge ("the prior") with current evidence or data. In one example, a set of
hypothetical agents which cover the range of possibilities from very high to very low
performance is used. The "prior" is the probability of being an agent of a certain performance
- a low probability of being very bad or very good, a higher probability to be average. The
example then examines the likelihood that each of our hypothetical agents would have

performed as an actual agent did. Multiplying the "prior" probability by the probability of the
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evidence for each hypothetical agent one can find the hypothetical agent with the highest
product of prior and evidential probabilities. The actual agent is most likely to be this
hypothetical agent with the highest product.

[0107] An exemplary algorithm may be carried out as followed:

[0108] 1. Estimate the distribution of global (i.e. across skills) AP's. There may be
some constraint; for example in embodiments, a distribution that may conform to CR, 0 <=
CR <=1, e.g. a truncated normal distribution, to incorporate this prior knowledge. Moments
of the distribution may be estimated from previous AP data or other sources. An example
distribution might be a bell curve with the apex at 0.1, with the distribution curve truncated at
0 and at 1. Such an example distribution curve might reflect that most agents have sales of
10 out of 100 calls, e.g., an apex of the distribution at 0.1.

[0109] 2. Construct a set of a large number of hypothetical agents, with performances
spanning the possible range of agent performance. In practice, one may generate a large
number, for example, 5001, of hypothetical agents with performances ranging from the worst
possible performance (possibly zero) to the greatest possible performance 100, ¢.g., a sale on
every call. In embodiments, the performances of the hypothetical agents may be evenly
spaced, e.g., 0,0.02,0.04, ..... , 99.96, 9998, 100. In other embodiments, the
performances may not be evenly spaced. For each hypothetical agent, for example the i'th
agent, one knows two quantities: the probability of being such an agent, as determined from
the distribution of global AP’s of step one above, e.g., PA;, and the performance of that
hypothetical agent, for example F;, obtained from the evenly spaced performances of the
hypothetical agents.

[0110] 3. For each real agent with real performance data for a given skill k, e.g., S
sales on N calls, that an actual agent in that skill k obtained, do the following:

a. For each hypothetical agent and within each skill, calculate the probability
of the evidence, e.g., the likelihood of the observed result, from the real agent's data. That is
for hypothetical agent i, given her performance of F;, what is the probability that such a
hypothetical agent would get the S sales on N calls that the actual agent did in that given
skill. Call this the Probability Of the Evidence (the Likelihood of the Observed Result for
that Agent) POE;x, being the Probability of the Evidence in the k'th skill for the i'th
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hypothetical agent. The method is performed and the system loops through each of the
skills, s, e.g., selling washing machines, selling dryers, selling vacuum cleaners, etc.

[0111] b. Calculate a total probability TP; for hypothetical agent i, being the (prior)
probability of being that hypothetical agent x the probabilities of the evidences in each skill,
that is TP; - PA; x POE;; x POE;; x, ..., x POE; s where there are s skills.

c. Repeat 3a & 3D for all hypothetical agents, which span the range of
possible performances as set up in step 2 above. One of these will have the greatest value of
TP and that hypothetical agent's performance can be looked up in the array generated in step
[0112] In embodiments, this is the real agent's most probable true global performance.
[0113] This method provides a manner in which to combine the available data on each
agent to estimate AP, and in fact, may be the theoretically optimal way of combining all the
data available on each agent to estimate AP.

[0114] Referring to Fig. 11, embodiments of a method process are illustrated to calculate an
actual agent’s most probable global performance. In embodiments, the method comprises an
operation represented by block 1100 of determining or obtaining or receiving, by one or more
computers, a distribution of real agent performance from previous real agent performance
data for a respective skill k in a set of skills. In embodiments, the agent performance is one
selected from the group of sale or no sale, revenue per call, revenue generating units (RGU)
per call, and handle time. In embodiments, the real agent performance is binomial and
distribution of real agent performance is truncated at least at one end thereof.

[0115] Block 1110 represents an operation of determining, by the one or more computers, a
set of hypothetical agents with respective hypothetical agent performances AP; ranging from
a worst performance to a best performance for the respective skill k. In embodiments, the set
of hypothetical agents comprises at least 10 hypothetical agents. In embodiments, the set of
hypothetical agents comprises at least 50 hypothetical agents. In embodiments, the set of
hypothetical agents comprises at least 100 hypothetical agents.

[0116] Block 1120 represents an operation of calculating for each of the set of hypothetical
agents, by the one or more computers, a posterior distribution taking into account actual
results of a respective actual agent in each of the set of skills, using the distribution of real
agent performance and the set of hypothetical agents with respective hypothetical agent

performances AP;, to obtain a total probability for each hypothetical agent of the set of the
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hypothetical agents. In embodiments, the calculating the posterior distribution may comprise
calculating for each hypothetical agent, i, in the set of hypothetical agents, by the one or more
computers, for a first skill k and the hypothetical agent performance AP; for the respective
hypothetical agent, i, a probability of the evidence POEi that the respective hypothetical
agent 1 would obtain S sales on N calls, that the respective actual agent in that skill k
obtained; and calculating, by the one or more computers, a total probability TP; for the
hypothetical agent 1, comprising multiplying AP; for the hypothetical agent by the POEj; for
ecach skill k for the hypothetical agent i.

[0117] Block 1130 represents an operation of repeating, by the one or more computers, the
calculating the posterior distribution steps for multiple of the hypothetical agents in the set of
hypothetical agents to obtain the respective total probabilities for the respective hypothetical
agents.

[0118] Block 1140 represents an operation of determining, by the one or more computers,
one of the hypothetical agents with a better value of total probability TP as the actual agent’s
most probable global performance. In embodiments, the most probable global performance
determining step comprises selecting one of the hypothetical agents with a best value of total

probability TP as the actual agent’s most probable global performance.

[0119] In embodiments, the method may be used in combination with any other agent-
caller matching algorithm. For example, the method may further comprise the steps of using,
by the one or more computers, demographic data or psychographic data of the agents and
demographic data or psychographic data of the callers in a multi-element pattern matching
algorithm in a pair-wise fashion for a desired outcome to obtain a valuation for each of
multiple of agent-caller pairs, and combining, by the one or more computers, results of the
pattern matching algorithm and the respective most probable global performances of the
respective agents to select one of the agent-caller pairs.

[0120] Referring to Fig. 12, embodiments of a method process are illustrated to calculate an
actual caller’s most probable global propensity. In embodiments, the method comprises an
operation represented by block 1200 of determining or obtaining or receiving, by one or more
computers, a distribution of real caller propensity from previous real caller propensity data
for a respective caller partition in a set of caller partitions. In embodiments, the caller

propensity is one selected from the group of purchase of product or service A or no purchase,
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purchase of product or service B or no purchase, purchase of product or service C or no
purchase, save a continuing subscription, revenue per purchase, revenue generating units
(RGU) per call, handle time and customer satisfaction, to name a few

[0121] Block 1210 represents an operation of determining, by the one or more computers, a
set of hypothetical callers with respective hypothetical caller propensities CP; ranging from a
worst propensity to a best propensity.

[0122] Block 1220 represents an operation of calculating for each of the set of hypothetical
callers, by the one or more computers, a posterior distribution taking into account actual
results of a respective actual caller in multiple of the caller partitions, using the distribution of
real caller propensity and the set of hypothetical callers with respective hypothetical caller
propensities CP;, to obtain a total probability for each hypothetical caller of the set of the
respective hypothetical callers. In embodiments, the partition is based at least in part on one
or more selected from the group of demographic data, area code, zip code, NPANXX, VTN,
geographic area, 800 number, and transfer number. In embodiments, the calculating the
posterior distribution step may comprise calculating for each hypothetical caller, i, in the set
of hypothetical callers, by the one or more computers, for a first partition and the hypothetical
caller propensity CP; for the respective hypothetical caller, i, a probability of the evidence
POEj that the respective hypothetical caller i would have S sales, that the respective actual
caller in that partition k had; and calculating, by the one or more computers, a total
probability TP; for the hypothetical caller i, comprising multiplying CP; for the hypothetical
caller by the POEj for each partition k for the hypothetical caller i.

[0123] Block 1230 represents an operation of repeating, by the one or more computers, the
calculating the posterior distribution steps for multiple of the hypothetical callers in the set of
hypothetical callers to obtain the respective total probabilities for the respective hypothetical
callers.

[0124] Block 1240 represents an operation of determining, by the one or more computers,
one of the hypothetical callers with a better or best value of total probability TP as the actual

callers’s most probable global propensity.

[0125] As noted previously, in embodiments, the method may be used in combination with
any other agent-caller matching algorithm. For example, embodiments may further comprise

the steps using, by the one or more computers, demographic data or psychographic data of
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the agents and demographic data or psychographic data of the callers in a multi-element
pattern matching algorithm in a pair-wise fashion for a desired outcome to obtain a valuation
for each of multiple of agent-caller pairs, and combining, by the one or more computers,
results of the pattern matching algorithm and the respective most probable global propensities

of the respective callers to select one of the agent-caller pairs.

[0126] Many of the techniques described here may be implemented in hardware or
software, or a combination of the two. Preferably, the techniques are implemented in
computer programs executing on programmable computers that each includes a processor, a
storage medium readable by the processor (including volatile and nonvolatile memory and/or
storage elements), and suitable input and output devices. Program code is applied to data
entered using an input device to perform the functions described and to generate output
information. The output information is applied to one or more output devices. Moreover, each
program is preferably implemented in a high level procedural or object-oriented
programming language to communicate with a computer system. However, the programs can
be implemented in assembly or machine language, if desired. In any case, the language may

be a compiled or interpreted language.

[0127] Each such computer program is preferably stored on a storage medium or device
(e.g., CD-ROM, hard disk or magnetic diskette) that is readable by a general or special
purpose programmable computer for configuring and operating the computer when the
storage medium or device is read by the computer to perform the procedures described. The
system also may be implemented as a computer-readable storage medium, configured with a
computer program, where the storage medium so configured causes a computer to operate in

a specific and predefined manner.

[0128] Figure 10 illustrates a typical computing system 1000 that may be employed to
implement processing functionality in embodiments of the invention. Computing systems of
this type may be used in clients and servers, for example. Those skilled in the relevant art will
also recognize how to implement the invention using other computer systems or
architectures. Computing system 1000 may represent, for example, a desktop, laptop or
notebook computer, hand-held computing device (PDA, cell phone, palmtop, etc.),
mainframe, server, client, or any other type of special or general purpose computing device as

may be desirable or appropriate for a given application or environment. Computing system
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1000 can include one or more processors, such as a processor 1004. Processor 1004 can be
implemented using a general or special purpose processing engine such as, for example, a
microprocessor, microcontroller or other control logic. In this example, processor 1004 is

connected to a bus 1002 or other communication medium.

[0129] Computing system 1000 can also include a main memory 1008, such as random
access memory (RAM) or other dynamic memory, for storing information and instructions to
be executed by processor 1004. Main memory 1008 also may be used for storing temporary
variables or other intermediate information during execution of instructions to be executed by
processor 1004. Computing system 1000 may likewise include a read only memory (“ROM”)
or other static storage device coupled to bus 1002 for storing static information and

instructions for processor 1004.

[0130] The computing system 1000 may also include information storage system 1010,
which may include, for example, a media drive 1012 and a removable storage interface 1020.
The media drive 1012 may include a drive or other mechanism to support fixed or removable
storage media, such as a hard disk drive, a floppy disk drive, a magnetic tape drive, an optical
disk drive, a CD or DVD drive (R or RW), or other removable or fixed media drive. Storage
media 1018 may include, for example, a hard disk, floppy disk, magnetic tape, optical disk,
CD or DVD, or other fixed or removable medium that is read by and written to by media
drive 1012. As these examples illustrate, the storage media 1018 may include a computer-

readable storage medium having stored therein particular computer software or data.

[0131] In alternative embodiments, information storage system 1010 may include other
similar components for allowing computer programs or other instructions or data to be loaded
into computing system 1000. Such components may include, for example, a removable
storage unit 1022 and an interface 1020, such as a program cartridge and cartridge interface, a
removable memory (for example, a flash memory or other removable memory module) and
memory slot, and other removable storage units 1022 and interfaces 1020 that allow software

and data to be transferred from the removable storage unit 1018 to computing system 1000.

[0132] Computing system 1000 can also include a communications interface 1024.
Communications interface 1024 can be used to allow software and data to be transferred

between computing system 1000 and external devices. Examples of communications
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interface 1024 can include a modem, a network interface (such as an Ethernet or other NIC
card), a communications port (such as for example, a USB port), a PCMCIA slot and card,
etc. Software and data transferred via communications interface 1024 are in the form of
signals which can be electronic, electromagnetic, optical or other signals capable of being
received by communications interface 1024. These signals are provided to communications
interface 1024 via a channel 1028. This channel 1028 may carry signals and may be
implemented using a wireless medium, wire or cable, fiber optics, or other communications
medium. Some examples of a channel include a phone line, a cellular phone link, an RF link,

a network interface, a local or wide area network, and other communications channels.

2% ¢

[0133] In this document, the terms “computer program product,” “computer-readable
medium” and the like may be used generally to refer to physical, tangible media such as, for
example, memory 1008, storage media 1018, or storage unit 1022. These and other forms of
computer-readable media may be involved in storing one or more instructions for use by
processor 1004, to cause the processor to perform specified operations. Such instructions,
generally referred to as “computer program code” (which may be grouped in the form of
computer programs or other groupings), when executed, enable the computing system 1000
to perform features or functions of embodiments of the present invention. Note that the code
may directly cause the processor to perform specified operations, be compiled to do so,

and/or be combined with other software, hardware, and/or firmware elements (e.g., libraries

for performing standard functions) to do so.

[0134] In an embodiment where the elements are implemented using software, the software
may be stored in a computer-readable medium and loaded into computing system 1000 using,
for example, removable storage media 1018, drive 1012 or communications interface 1024.
The control logic (in this example, software instructions or computer program code), when
executed by the processor 1004, causes the processor 1004 to perform the functions of the

invention as described herein.

[0135] It will be appreciated that, for clarity purposes, the above description has described
embodiments of the invention with reference to different functional units and processors.
However, it will be apparent that any suitable distribution of functionality between different
functional units, processors or domains may be used without detracting from the invention.

For example, functionality illustrated to be performed by separate processors or controllers
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may be performed by the same processor or controller. Hence, references to specific
functional units are only to be seen as references to suitable means for providing the
described functionality, rather than indicative of a strict logical or physical structure or

organization.

[0136] The above-described embodiments of the present invention are merely meant to be
illustrative and not limiting. Various changes and modifications may be made 27 without
departing from the invention in its broader aspects. The appended claims encompass such

changes and modifications within the spirit and scope of the invention.
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What is claimed is:

1. A method, comprising:

determining or obtaining or receiving, by one or more computers, a distribution of
real agent performance from previous real agent performance data for a respective skill k in a
set of skills;

determining, by the one or more computers, a set of hypothetical agents with
respective hypothetical agent performances AP; ranging from a worst performance to a best
performance for the respective skill k;

calculating for each of the set of hypothetical agents, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual agent in each of
the set of skills, using the distribution of real agent performance and the set of hypothetical
agents with respective hypothetical agent performances AP;, to obtain a total probability for
cach hypothetical agent of the set of the hypothetical agents;

repeating, by the one or more computers, the calculating the posterior distribution
steps for multiple of the hypothetical agents in the set of hypothetical agents to obtain the
respective total probabilities for the respective hypothetical agents; and

determining, by the one or more computers, one of the hypothetical agents with a

better value of total probability TP as the actual agent’s most probable global performance.

2. The method as defined in claim 1, wherein the agent performance is one selected from
the group of sale or no sale, revenue per call, revenue generating units (RGU) per call, handle

time and customer satisfaction.

3. The method as defined in claim 1, wherein the agent skills k comprise two or more
selected from the group of sales of product or service A, sales of product or service B, and

providing service advice for a product C.

4. The method as defined in claim 1, wherein the most probable global performance
determining step comprises selecting one of the hypothetical agents with a best value of total

probability TP as the actual agent’s most probable global performance.
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5. The method as defined in claim 1, wherein the set of hypothetical agents comprises at

least 10 hypothetical agents.

6. The method as defined in claim 1, wherein the set of hypothetical agents comprises at

least 50 hypothetical agents.

7. The method as defined in claim 1, wherein the set of hypothetical agents comprises at

least 100 hypothetical agents.

8. The method as defined in claim 1, wherein the real agent performance is binomial and

distribution of real agent performance is truncated at least at one end thereof.

9. The method as defined in claim 1, wherein the calculating the posterior distribution
comprises:

calculating for each hypothetical agent, i, in the set of hypothetical agents, by the one
or more computers, for a first skill k and the hypothetical agent performance AP; for the
respective hypothetical agent, i, a probability of the evidence POEj that the respective
hypothetical agent 1 would obtain S sales on N calls, that the respective actual agent in that
skill k obtained; and

calculating, by the one or more computers, a total probability TP; for the hypothetical
agent 1, comprising multiplying AP; for the hypothetical agent by the POEj for each skill k
for the hypothetical agent i.

10. The method of claim 1, further comprising:

using, by the one or more computers, demographic data or psychographic data of the
agents and demographic data or psychographic data of the callers in a multi-element pattern
matching algorithm in a pair-wise fashion for a desired outcome to obtain a valuation for

cach of multiple of agent-caller pairs, and
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combining, by the one or more computers, results of the pattern matching algorithm
and the respective most probable global performances of the respective agents to select one of

the agent-caller pairs.

11. A method, comprising:

determining or obtaining or receiving, by one or more computers, a distribution of
real caller propensity from previous real caller propensity data for a respective caller partition
in a set of caller partitions;

determining, by the one or more computers, a set of hypothetical callers with
respective hypothetical caller propensities CP; ranging from a worst propensity to a best
propensity;

calculating for each of the set of hypothetical callers, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual caller in
multiple of the caller partitions, using the distribution of real caller propensity and the set of
hypothetical callers with respective hypothetical caller propensities CP;, to obtain a total
probability for each hypothetical caller of the set of the respective hypothetical callers;

repeating, by the one or more computers, the calculating the posterior distribution
steps for multiple of the hypothetical callers in the set of hypothetical callers to obtain the
respective total probabilities for the respective hypothetical callers; and

determining, by the one or more computers, one of the hypothetical callers with a

better value of total probability TP as the actual callers’s most probable global propensity.

12. The method as defined in claim 11, wherein the caller propensity is one selected from
the group of purchase of product or service A or no purchase, purchase of product or service
B or no purchase, purchase of product or service C or no purchase, revenue per purchase,

revenue generating units (RGU) per call, and handle time.
13.  The method as defined in claim 11, wherein the partition is based at least in part on

one or more selected from the group of demographic data, area code, zip code, NPANXX,

VTN, geographic area, 800 number, and transfer number.
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14.  The method as defined in claim 11, wherein the calculating the posterior distribution
comprises:

calculating for each hypothetical caller, 1, in the set of hypothetical callers, by the one
or more computers, for a first partition and the hypothetical caller propensity CP; for the
respective hypothetical caller, i, a probability of the evidence POEjy that the respective
hypothetical caller i would have S sales, that the respective actual caller in that partition k
had; and

calculating, by the one or more computers, a total probability TP; for the hypothetical
caller i, comprising multiplying CP; for the hypothetical caller by the POE;x for each partition
k for the hypothetical caller i.

15. A system, comprising:
one or more computers configured with program code that, when executed, causes
performance of the following steps:

determining or obtaining or receiving, by the one or more computers, a distribution of
real agent performance from previous real agent performance data for a respective skill k in a
set of skills;

determining, by the one or more computers, a set of hypothetical agents with
respective hypothetical agent performances AP; ranging from a worst performance to a best
performance for the respective skill k;

calculating for each of the set of hypothetical agents, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual agent in the set
of skills, using the distribution of real agent performance and the set of hypothetical agents
with respective hypothetical agent performances AP;, to obtain a total probability for each
hypothetical agent of the set of the hypothetical agents;

repeating, by the one or more computers, the calculating the posterior distribution
steps for multiple of the hypothetical agents in the set of hypothetical agents to obtain the
respective total probabilities for the respective hypothetical agents; and

determining, by the one or more computers, one of the hypothetical agents with a

better value of total probability TP as the actual agent’s most probable global performance.
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16.  The system as defined in claim 15, wherein the agent performance is one selected
from the group of sale or no sale, revenue per call, revenue generating units (RGU) per call,

and handle time.

17.  The system as defined in claim 15, wherein the agent skills k comprise two or more
selected from the group of sales of product or service A, sales of product or service B, and

providing service advice for a product C.

18.  The system as defined in claim 15, wherein the most probable global performance
determining step comprises selecting one of the hypothetical agents with a best value of total

probability TP as the actual agent’s most probable global performance.

19.  The system as defined in claim 15, wherein the set of hypothetical agents comprises at

least 10 hypothetical agents.

20.  The system as defined in claim 15, wherein the set of hypothetical agents comprises at

least 50 hypothetical agents.

21. The system as defined in claim 15, wherein the set of hypothetical agents comprises at

least 100 hypothetical agents.

22.  The system as defined in claim 15, wherein the real agent performance is binomial

and distribution of real agent performance is truncated at least at one end thereof.

23.  The system as defined in claim 15, wherein the calculating the posterior distribution
step comprises:

calculating for each hypothetical agent, i, in the set of hypothetical agents, by the one
or more computers, for a first skill k and the hypothetical agent performance AP; for the
respective hypothetical agent, i, a probability of the evidence POEj that the respective
hypothetical agent 1 would obtain S sales on N calls, that the respective actual agent in that

skill k obtained; and
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calculating, by the one or more computers, a total probability TP; for the hypothetical
agent 1, comprising multiplying AP; for the hypothetical agent by the POE; for each skill k
for the hypothetical agent i.

24.  The system of claim 15, further comprising the one or more computers configured

with program code for performing the steps:

using, by the one or more computers, demographic data or psychographic data of the
agents and demographic data or psychographic data of the callers in a multi-element pattern
matching algorithm in a pair-wise fashion for a desired outcome to obtain a valuation for

cach of multiple of agent-caller pairs, and

combining, by the one or more computers, results of the pattern matching algorithm
and the respective most probable global performances of the respective agents to select one of

the agent-caller pairs.

25. A system, comprising:
one or more computers configured with program code that, when executed, causes
performance of the following steps:

determining or obtaining or receiving, by the one or more computers, a distribution of
real caller propensity from previous real caller propensity data for a respective caller partition
in a set of caller partitions;

determining, by the one or more computers, a set of hypothetical callers with
respective hypothetical caller propensities CP; ranging from a worst propensity to a best
propensity;

calculating for each of the set of hypothetical callers, by the one or more computers, a
posterior distribution taking into account actual results of a respective actual caller in
multiple of the caller partitions, using the distribution of real caller propensity and the set of
hypothetical callers with respective hypothetical caller propensities CP;, to obtain a total
probability for each hypothetical caller of the set of the respective hypothetical callers;

repeating, by the one or more computers, the calculating the posterior distribution
steps for multiple of the hypothetical callers in the set of hypothetical callers to obtain the

respective total probabilities for the respective hypothetical callers; and
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determining, by the one or more computers, one of the hypothetical callers with a

better value of total probability TP as the actual callers’s most probable global propensity.

26. The system as defined in claim 25, wherein the caller propensity is one selected from
the group of product or service A or no purchase, purchase of product or service B or no
purchase, purchase of product or service C or no purchase, revenue per purchase, revenue

generating units (RGU) per call, and handle time.

27.  The system as defined in claim 25, wherein the partition is based at least in part on
one or more selected from the group of demographic data, area code, zip code, NPANXX,

VTN, geographic area, 800 number, and transfer number.

28.  The system as defined in claim 25, wherein the calculating the posterior distribution
step comprises:

calculating for each hypothetical caller, 1, in the set of hypothetical callers, by the one
or more computers, for a first partition and the hypothetical caller propensity CP; for the
respective hypothetical caller, 1, a probability of the evidence POEj that the respective
hypothetical caller i would have S sales, that the respective actual caller in that partition k
had; and

calculating, by the one or more computers, a total probability TP; for the hypothetical
caller i, comprising multiplying CP; for the hypothetical caller by the POE;x for each partition
k for the hypothetical caller i.

44



WO 2013/148452

Contact Center
103

Agent
105

i
1

i

1/12

Network Cloud
101

Central Router
102

e

PCT/US2013/033261

Contact Center
103

Contact Center
103

Contact Center
Router
104

Agent
105

Agent

Agent
105

105

Agent
105

FIG. 1



WO 2013/148452 PCT/US2013/033261

2/12
PBX
4.#

S ,_____..m.,__*_“___,.-_._,f.%@!
| SatMap |
202~ | |
% ~-{ CommServ 1[
i ' | |
| |
| |
% | v 204 t
b SatMap i
‘i : Engine i
N |
i | |
Lo : !
| i (= I
[ Reporting Report H!
| = Collector --—- > Engine | " Servers |
| 206 208~

<«—— (Call Control Flow
---—-+ Accounting and Reporting Data Flow

Primary LAN

FIG. 2



PCT/US2013/033261

WO 2013/148452

3/12

uoisIoap
Buiyolew

/ 1-028
auibua

(seuibus o
reuonippe) O H
o

¢-0ce
auibua
Bulyoyew
uleyed

Y 1483
Jendnynuw ejep Ayuiye
Ayiaeqold “ ‘ejep wabe
' ‘sapesb Juaby
.......... pog =TT

urenas AjreQ

(A%
BIRp 13|jBD




WO 2013/148452 PCT/US2013/033261

4/12

(eseyoind o} “69)
Ajisuadoud buisealoaq

w

o - o ™ < Tol

= O (@] O (®) Q

Q
m
<
o
L

a

= — o] 30} < n

) < << < < <<

D

<

sajes 0} Bunejas “6-9)
aouew.Jouad Buiseasoeq

(aseyoind o} ““6°3)
Ausuadoud Buiseasseq

0 = ~N ¥ 37} N
= (o -~ o e o
Q@ - - — NG —
© ~— o [ap] < To)
O (@] Q O ®)] O
L
- o2 ~ [5) o o
= < < < < <
g - o © < o)
< < < < < <

(sojes 0} Buneias 69)
aoueulopad Buiseardaq




PCT/US2013/033261

5/12

WO 2013/148452

g6 'Old

Ausuadoud jo aBues pauiwssiepald
UIyNM 19pI0 8nanb uo paseq “B'a
Nz~ 20 dnoiB-gns Wwouy J8|[ed Yjim paydlew
‘981) S8WO0004 gV Iuabe sy

VG "Old

yuBJ 189500 10 awes Buiaey
pjoy uo g0 Jajed Yim paydiel
‘981) SBWO008Q gy Juabe sy

Ausuadoud buiseaioaq

Pt LA A prTTTIT !
NGO- 'S0 PooSvY SO booSY )
RS, [~ o A
N { ; v 2 ) “
YO~ +O “ 14 g a 128; ' 14 ;
AR ' mUm m e
oo Lo a Tt "
Neo—-'e0 LY 13 o €0 booev
Y - ' =} o | :
Q e}
— : : o
¢0— 2o v Y m r48) v
3
NiD- 1D P o) A
s18|12D sjuaby s19||eD sjuaby

aouewlopad Buiseasdsq




PCT/US2013/033261

WO 2013

6/12




PCT/US2013/033261

WO 2013/148452

7/12

g9 'Old

souBWIIONSd
juaby

b_mcmum:n_
Wwalo

01,




PCT/US2013/033261

8 "Old

808
Jusbe 0 ls|jed aInoy

L "Old

80.
lusbe o) J18jje0 BINOY

908

90L
(s)ojgeieA BWODINO 8U) IO}

(uoiBai-gns uyum ‘yorew 1sesoyo b-a) sejnuaoiad

{RIUNS UO PasEq SJUBBE 0] SIBIED UIIEW (1510M 0} 1SIOM $1SBQ 0} }S8Q) SHURJ JO SIBP.O

Jejiws uo paseq sjusbe o} si18jjed Yoy

8/12

voL
8|qBIBA BWOINO UB

10} (8dAy suoyd ‘oydesBowsp “6°9) BiEP 13|1BD
U0 Paseq pjoy U0 Si8|[ed Yuel J0 JBapIO

08
8|qQBLEBA BLIOJIN0 LB 10} PIoYy

uo sJ8|ed Jo sejnusdiad J1ajed suiwL}eQ

208 (42
B|QBLIBA BWODIN0 UB YIIM B|geLBA BWOJIN0 UB YIM

pa}eIn0Sse D1ISHBI0BBYD douBWIOuad PaJBIDOSSE J1ISUBI0BIBYD sourwIoMad
104 sejiusoied juabe sulwislaq B U0 paseq sjuabe yuel 1o 18piQ0

WO 2013/148452



WO 2013/148452 PCT/US2013/033261

9/12

Determine relative agent performance of a set
of agents for an outcome variable
902

Determine relative caller propensity of a set
of callers for an outcome variable
904

Normalize rankings of callers and agents
e.g., convert rankings to relative
percentiles or Z-scores
906

y
Pass caller data and agent data through matching
algorithm(s) (e.g., to determine suitability score,
probable outcome, second Z-scores, etc.)
908

Match callers to agents based on combination of
ranking comparison and matching algorithm(s)
910

Y

Route caller to agent
912

FIG. 9




WO 2013/148452

—_

BUS

[hS]

10/12

KIOOO

PROCESSOR
1004

> MEMORY 1008

PCT/US2013/033261

STORAGE DEVICES
1010
MEDIA DRIVE €| MEDIA 1018
1012
r=
STORAGE
STORAGE
UNIT I/F o~
1030 UNIT 1022

COMMUNICATIONS
I/F 1024

CHANNEL 102

FIG. 10



WO 2013/148452 PCT/US2013/033261
11/12

1100

Determining or obtaining or receiving, by one or more computers, a distribution
of real agent performance from previous real agent performance data

1110

h4
Determining, by the one or more computers, a set of hypothetical agents with

respective hypothetical agent performances AP, ranging from a worst
performance to a best performance

A

1120

~

Calculating for each of the set of hypothetical agents, by the one or more
computers, a posterior distribution taking into account actual results of a
respective actual agent in muitiple skills, using the distribution of real agent
performance and the set of hypothetical agents with respective hypothetical
agent performances AP,, to obtain a total probability for each hypothetical agent
of the set of the respective hypothetical agents

4

1130

h

Repeating, by the one or more computers, the calculating the posterior
distribution steps for multiple of the hypothetical agents in the set of
hypothetical agents to obtain the respective total probabilities for the respective
hypothetical agents

1140

.

Determining, by the one or more computers, one of the hypothetical agents with
a better value of total probability TP as the actual agent’s most probable global
performance

FIG. 11



WO 2013/148452 PCT/US2013/033261

12/12

/\1500

Determining or obtaining or receiving, by one or more computers, a distribution
of real caller propensity from previous real caller propensity data

A

A

Determining, by the one or more computers, a set of hypothetical callers with
respective hypothetical caller propensity CP, ranging from a worst propensity to
a best propensity

A

Y

Calculating for each of the set of hypothetical callers, by the one or more
computers, a posterior distribution taking into account actual results of a
respective actual caller in multiple skills, using the distribution of real caller
propensity and the set of hypothetical callers with respective hypaothetical caller
propensity CPi, to obtain a total probability for each hypothetical caller of the set
of the respective hypothetical callers

A

h

Repeating, by the one or more computers, the calculating the posterior
distribution steps for multiple of the hypothetical callers in the set of hypothetical
callers to obtain the respective total probabilities for the respective hypothetical

callers

A

h 4

Determining, by the one or more computers, one of the hypothetical callers with
a better value of total probability TP as the actual callers’s most probable global
propensity

FIG. 12




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2013/033261

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4M 3/523 (2013.01)
USPC - 379/242

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC(8) -HO4M 3/00, 3/50, 3/51, 3/523 (2013.01)
USPC - 379/242, 265.02, 265.05, 265.13

Minimum documentation searched (classification system followed by classification symbols)

CPC-HO04M 3/00, 3/50, 3/51, 3/523 (2013.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Orbit, Google Patents, Google Scholar

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

document

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2009/0190748 A1 (CHISHT! et al) 30 July 2009 (30.07.2009) entire document 1-28
Y NTZOUFRAS. Bayesian Modeling Using WINBUGS. Wiley-Interscience. 18.10.2007. Retrieved | 1-28
on [31.05.2013]. Retrieved from the Internet: <URL:
http://zoe.bme.gatech.edu/~bv20/bmed2803/Bank72/chapter05.pdf> entire document
Y WO 2011/081514 A1 (MD SANI) 07 July 2011 (07.07.2011) entire document 8,22
A US 2009/0234710 A1 (BELGAIED HASSINE et al) 17 September 2009 (17.09.2009) entire 1-28

D Further documents are listed in the continuation of Box C.

[]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

03 June 2013

Date of mailing of the international search report

T4JUN 2013

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 5§71-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - wo-search-report

