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ABSTRACT OF THE DISCLOSURE

Techniques for estimating a performance of a pairing strategy in a contact center system are
disclosed. ITn one particular embodiment, the techniques may be realized as a method
comprising receiving a plurality of contact types, receiving a plurality of agent sets, receiving
afirst plurality of contact—agent interaction sets and associated outcomes, generating a plurality
of weights based on the first plurality of contact—agent interaction sets, the plurality of contact
types, and the plurality of agent sets, receiving a second plurality of contact-agent interaction
sets and associated outcomes, applying the plurality of weights to the second plurality of
contact—agent interaction sets, and estimating a performance of a pairing strategy based on the
applying, wherein the pairing strategy is configured to cause a connection to be established

between a contact and an agent in a switch of the contact center system.
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TECHNIQUES FOR ESTIMATING EXPECTED PERFORMANCE IN A TASK
ASSIGNMENT SYSTEM

FIELD OF THE DISCLOSURE
This disclosure generally relates to performance in a task assignment system, and, more
particularly, to techniques for estimating expected performance of task assignment strategics

in a task assignment system.

BACKGROUND OF THE DISCLOSURE

A typical task assignment system assigns a finite number of tasks to a finite number of
workers (“agents”) over a period of time. One example of a task assignment system is a contact
center (e.g., acall center). In a call center, a finite number of agents are available during a given
shift or other period of time, and a finite number of callers call into the call center during the
shift. Each caller, with various nceds and reasons for calling, represents a task assigned to one
of the call center agents.

A typical task assignment strategy determines which tasks are assigned to which agents.
Typically, a task assignment strategy is derived from insights that certain types of agents
perform better with certain types of tasks, and these agents are assigned specific tasks based on
these insights. In the example of a call center, the insight may be that agents skilled at sales
should be preferentially assigned to sales queues of callers seeking to make a purchase, while
agents skilled at technical support should be preferentially assigned to technical support queues
of callers seeking a solution to a technical problem.

Although typical task assignment strategics may be effective at improving the
performance of typical task assignment systems in some instances, in other instances they may
have no substantial impact on performance at best or degrade performance at worst. Typically,
mstances under which typical task assignment strategies may be ineffective are those that do
not account for the comparative advantage of agents assigned to different types of tasks.

In view of the foregoing, it may be understood that there may be a need for a system
that enables estimation of the expected performance of different task assignment strategies for
the assignment of a finite number of tasks to a finite number of agents over a period of time in

a task assignment system.

SUMMARY OF THE DISCLOSURE
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Techniques for estimating expected performance of a task assignment strategy in a task
assignment system are disclosed. In one particular embodiment, the techniques may be realized
as a method comprising receiving, by at least one computer processor communicatively
coupled to a task assignment system, a plurality of historical agent task assignments;
determining, by the at least one computer processor, a sample of the plurality based on a
strategy for pairing agents with tasks; determining, by the at least one computer processor, an
expected performance of the strategy based on the sample; outputting, by the at least one
computer processor, the expected performance; and optimizing, by the at least one computer
processor, the performance of the task assignment system based on the expected performance.

In accordance with other aspects of this particular embodiment, the task assignment
system may be a contact center, and wherein the strategy may assign contacts to contact center
agents.

In accordance with other aspects of this particular embodiment, the method may further
comprise oversampling, by the at least one computer processor, the plurality of historical agent
task assignments by determining a plurality of samples comprising at least one overlapping
historical agent task assignment of the plurality of historical agent task assignments.

In accordance with other aspects of this particular embodiment, the method may further
comprise determining, by the at least one computer processor, a bias in the sample; and
accounting, by the at least one computer processor, for the bias in the expected performance.

In accordance with other aspects of this particular embodiment, the bias may be
attributable to an overrepresentation of a subset of agents in the sample or an overrepresentation
of a subset of task types in the sample.

In accordance with other aspects of this particular embodiment, determining the
expected performance may comprise determining, by the at least one computer processor, a
plurality of samples of the plurality of historical agent task assignments.

In accordance with other aspects of this particular embodiment, the method may further
comprise partitioning, by the at least one computer processor, the plurality of historical agent
task assignments into a first subset of historical agent task assignments and a holdout subset of
historical agent task assignments different from the first subset; and generating, by the at least
one computer processor, the strategy based on the first subset, wherein the sample is a subset
of the holdout subset, and wherein determining the expected performance is based on the

holdout subset.
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In accordance with other aspects of this particular embodiment, the method may further
comprise over-representing in the holdout subset historical agent task assignments attributable
to a second strategy for pairing agents with tasks different from the strategy.

In accordance with other aspects of this particular embodiment, determining the
expected performance may be based on a plurality of holdout subsets.

In accordance with other aspects of this particular embodiment, the method may further
comprise determining a standard error associated with the expected performance based on the
plurality of holdout subsets.

In accordance with other aspects of this particular embodiment, the sample may be
associated with an amount of performance difference between expected performance of the
sample and peak performance of the strategy.

In another particular embodiment, the techniques may be realized as a system
comprising at least one computer processor communicatively coupled to a task assignment
system, wherein the at least one computer processor is configured to perform the steps in the
above-discussed method.

In another particular embodiment, the techniques may be realized as an article of
manufacture comprising a non-transitory processor readable medium and instructions stored
on the medium, wherein the instructions are configured to be readable from the medium by at
least one computer processor communicatively coupled to a task assignment system and
thereby cause the at least one computer processor to operate to perform the steps in the above-
discussed method.

In another particular embodiment, the techniques may be realized as a method
comprising: receiving, by at least one computer processor communicatively coupled to a task
assignment system, a plurality of historical agent task assignments; determining, by the at least
one computer processor, a weighting of at least one of the plurality based on a strategy for
pairing agents with tasks; determining, by the at least one computer processor, an expected
performance of the strategy based on the weighting; and outputting, by the at least one
computer processor, the expected performance, wherein the expected performance of the
strategy demonstrates that performance of a task assignment system may be optimized if the
task assignment system is configured to use the strategy.

In accordance with other aspects of this particular embodiment, the task assignment
system may be a contact center, and wherein the strategy assigns contacts to contact center

agents.
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In accordance with other aspects of this particular embodiment, at least one weighting
may be zero or epsilon.

In accordance with other aspects of this particular embodiment, the method may further
comprise determining, by the at least one computer processor, a bias in the sample; and
accounting, by the at least one computer processor, for the bias in the expected performance.

In accordance with other aspects of this particular embodiment, the bias may be
attributable to an overweighting of a subset of agents or an overweighting of a subset of task
types.

In accordance with other aspects of this particular embodiment, determining the
expected performance comprises combining at least two weighted outcomes corresponding to
at least two weighted pairings in the sample.

In another particular embodiment, the techniques may be realized as a system
comprising at least one computer processor communicatively coupled to a task assignment
system, wherein the at least one computer processor is configured to perform the steps in the
above-discussed method.

In another particular embodiment, the techniques may be realized as an article of
manufacture comprising a non-transitory processor readable medium and instructions stored
on the medium, wherein the instructions are configured to be readable from the medium by at
least one computer processor communicatively coupled to a task assignment system and
thereby cause the at least one computer processor to operate to perform the steps in the above-
discussed method.

The present disclosure will now be described in more detail with reference to particular
embodiments thereof as shown in the accompanying drawings. While the present disclosure is
described below with reference to particular embodiments, it should be understood that the
present disclosure is not limited thereto. Those of ordinary skill in the art having access to the
teachings herein will recognize additional implementations, modifications, and embodiments,
as well as other fields of use, which are within the scope of the present disclosure as described

herein, and with respect to which the present disclosure may be of significant utility.

BRIEF DESCRIPTION OF THE DRAWINGS
To facilitate a fuller understanding of the present disclosure, reference is now made to
the accompanying drawings, in which like elements are referenced with like numerals. These
drawings should not be construed as limiting the present disclosure, but are intended to be

illustrative only.
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FIG. 1 shows a block diagram of a task assignment system according to embodiments
of the present disclosure.

FIG. 2 shows a block diagram of a contact center according to embodiments of the
present disclosure.

FIG. 3A depicts a schematic representation of a task assignment model according to
embodiments of the present disclosure.

FIG. 3B depicts a schematic representation of a contact pairing model according to
embodiments of the present disclosure.

FIG. 4A shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4B shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4C shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4D shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4E shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4F shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4G shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4H shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 41 shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4] shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 4K shows a schematic representation of a task assignment strategy expected
performance estimation according to embodiments of the present disclosure.

FIG. 5 shows a schematic representation of a task assignment payout matrix according
to embodiments of the present disclosure.

FIG. 6A shows a flow diagram of an expected performance estimation method

according to embodiments of the present disclosure.

5
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FIG. 6B shows a flow diagram of an expected performance estimation method
according to embodiments of the present disclosure.

FIG. 7 depicts a flow diagram of an expected performance estimation method according
to embodiments of the present disclosure.

FIG. 8 depicts a flow diagram of an expected performance estimation method according
to embodiments of the present disclosure.

FIG. 9 depicts a flow diagram of an expected performance estimation method according

to embodiments of the present disclosure.

DETAILED DESCRIPTION

A typical task assignment system assigns a finite number of tasks to a finite number of
workers (“agents”) over a period of time. One example of a task assignment system is a contact
center (e.g., acall center). In a call center, a finite number of agents are available during a given
shift or other period of time, and a finite number of callers call into the call center during the
shift. Each caller, with various nceds and reasons for calling, represents a task assigned to one
of the call center agents.

A typical task assignment strategy determines which tasks are assigned to which agents.
Typically, a task assignment strategy is derived from insights that certain types of agents
perform better with certain types of tasks, and these agents are assigned specific tasks based on
these insights. In the example of a call center, the insight may be that agents skilled at sales
should be preferentially assigned to sales queues of callers seeking to make a purchase, while
agents skilled at technical support should be preferentially assigned to technical support queues
of callers seeking a solution to a technical problem.

Although typical task assignment strategics may be effective at improving the
performance of typical task assignment systems in some instances, in other instances they may
have no substantial impact on performance at best or degrade performance at worst. Typically,
mstances under which typical task assignment strategies may be ineffective are those that do
not account for the comparative advantage of agents assigned to different types of tasks. A
general description of comparative advantage may be found in, e.g., Cowen and Tabarrok,
Modern Principles: Microeconomics, 2d ed. (2011) at pp. 16-19.

In view of the foregoing, it may be understood that there is a need for a system that
enables estimation of the expected performance of different task assignment strategics for the
assignment of a finite number of tasks to a finite number of agents over a period of time in a

task assignment system.
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FIG. 1 shows a block diagram of a task assignment system 100 according to
embodiments of the present disclosure. The description herein describes network elements,
computers, and/or components of a system and method for estimating expected performance
in a task assignment system that may include one or more modules. As used herein, the term
“module” may be understood to refer to computing software, firmware, hardware, and/or
various combinations thercof. Modules, however, are not to be interpreted as software which
is not implemented on hardware, firmware, or recorded on a non-transitory processor readable
recordable storage medium (i.e., modules are not software per se). It is noted that the modules
arc exemplary. The modules may be combined, integrated, separated, and/or duplicated to
support various applications. Also, a function described herein as being performed at a
particular module may be performed at one or more other modules and/or by one or more other
devices instead of or in addition to the function performed at the particular module. Further,
the modules may be implemented across multiple devices and/or other components local or
remote to one another. Additionally, the modules may be moved from one device and added to
another device, and/or may be included in both devices.

As shown in FIG. 1, the task assignment system 100 may include a task assignment
module 110. The task assignment system 100 may include a switch or other type of routing
hardware and software for helping to assign tasks among various agents, including queuing or
switching components or other Internet-, cloud-, or network-based hardware or software
solutions.

The task assignment module 110 may receive incoming tasks. In the example of FIG.
1, the task assignment system 100 receives m tasks over a given period, tasks 130A—130m.
Each of the m tasks may be assigned to an agent of the task assignment system 100 for servicing
or other types of task processing. In the example of FIG. 1, » agents arc available during the
given period, agents 120A—120n. m and » may be arbitrarily large finite integers greater than
or equal to one. In a real-world task assignment system, such as a contact center, there may be
dozens, hundreds, etc. of agents logged into the contact center to interact with contacts during
a shift, and the contact center may receive dozens, hundreds, thousands, etc. of contacts (e.g.,
calls) during the shift.

In some environments, known as “L0O” environments, one of the m tasks (e.g., task
130A) may be ready for assignment to an agent, and one of the » agents (e.g., agent 120A) may
be ready to receive an assigned task. In an LO environment, there is no choice of task or agent

available, and a task assignment strategy may assign task 130A to agent 130A.
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In other environments, known as “L1” environments, one of the m tasks (e.g., task
130A) may be ready for assignment to an agent, and multiple agents (e.g., agent 120A and
120B) may be ready to receive an assigned task. In an L1 environment, there is a choice among
multiple available agents, and a task assignment strategy may assign task 130A to cither agent
120A or 120B.

In yet other environments, known as “L2” environments, multiple tasks (e.g., tasks
130A and 130B) may be ready assignment to an agent, and onc of the » agents (e.g., agent
120A) may be ready to receive an assigned task. In an L2 environment, there is a choice among
multiple available tasks, and a task assignment strategy may assign either task 130A or 130B
to agent 120A.

In still other environments, known as “L3” environments, multiple tasks (e.g., tasks
130A and 130B) may be ready assignment to an agent, and multiple agents (e.g., agent 120A
and 120B) may be ready to receive an assigned task. In an L3 environment, there is a choice
among multiple available agents and tasks, and a task assignment strategy may pair off some
or all of the available tasks to some or all of the available agents (e.g., in a sequence of
assignments or a single batch assignment).

These environments L.O-L3, and various transitions among them, are described in detail
for the contact center context in, e.g., U.S. Patent Application No. 15/395,469.

In some embodiments, a task assignment strategy module 140 may be communicatively
coupled to and/or configured to operate in the task assignment system 100. The task assignment
strategy module 140 may implement one or more task assignment strategies (or “pairing
strategies™) for assigning individual tasks to individual agents (e.g., pairing contacts with
contact center agents).

A variety of different task assignment strategies may be devised and implemented by
the task assignment strategy module 140. In some embodiments, a first-in/first-out (“FIFO”)
strategy may be implemented in which, for example, the longest-waiting agent receives the
next available task (in L1 environments) or the longest-waiting task is assigned to the next
available task (in L2 environments). Other FIFO and FIFO-like strategics may make
assignments without relying on information specific to individual tasks or individual agents.

In other embodiments, a performance-based routing (PBR) strategy may be used for
prioritizing higher-performing agents for task assignment may be implemented. Under PBR,
for example, the highest-performing agent among available agents receives the next available
task. Other PBR and PBR-like strategies may make assignments using information about

specific agents but without necessarily relying on information about specific tasks or agents.

8
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In yet other embodiments, a behavioral pairing (BP) strategy may be used for optimally
assigning tasks to agents using information about both specific tasks and specific agents.
Various BP strategics may be used, such as a diagonal model BP strategy or a network flow BP
strategy. These task assignment strategies and others are described in detail for the contact
center context in, e.g., U.S. Patent No. 9,300,802 and U.S. Patent Application No. 15/582,223.

In some embodiments, a historical assignment module 150 may be communicatively
coupled to and/or configured to operate in the task assignment system 100 via other modules
such as the task assignment module 110 and/or the task assignment strategy module 140. The
historical assignment module 150 may be responsible for various functions such as monitoring,
storing, retrieving, and/or outputting information about agent task assignments that have
alrecady been made. For example, the historical assignment module 150 may monitor the task
assignment module 110 to collect information about task assignments in a given period. Each
record of a historical task assignment may include information such as an agent identifier, a
task and/or task type identifier, and outcome information.

In some embodiments and for some contexts, additional information may be stored. For
example, in a call center context, the historical assignment module 150 may also store
information about the time a call started, the time a call ended, the phone number dialed, and
the caller’s phone number. For another example, in a dispatch center (e.g., “truck roll”) context,
the historical assignment module 150 may also store information about the time a driver (i.e.,
field agent) departs from the dispatch center, the route recommended, the route taken, the
estimated travel time, the actual travel time, the amount of time spent at the customer site
handling the customer’s task, etc.

In some embodiments, the historical assignment module 150 may generate a pairing
model or similar computer processor-generate model based on a set of historical assignments
for a period of time (e.g., the past week, the past month, the past year, etc.), which may be used
by the task assignment strategy module 140 to make task assignment recommendations or
instructions to the task assignment module 110. In other embodiments, the historical
assignment module 150 may send historical assignment information to another module such as
the task assignment strategy module 140 or the expected performance estimation module 160
to generate a pairing model and/or a pairing strategy based on a pairing model.

In some embodiments, an expected performance estimation module 160 may be
communicatively coupled to and/or configured to operate in the task assignment system 100
via other modules such as the task assignment module 110 and/or the historical assignment

module 150. The expected performance estimation module 160 may estimate the expected

9
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performance of a task assignment strategy (e.g., in conjunction with a pairing model) using
historical assignment information, which may be received from, for example, the historical
assignment module 150. The techniques for estimating expected performance and other
functionality performed by the expected performance estimation module 160 for various task
assignment strategies and various contexts are described in later sections throughout the present
disclosure.

In some embodiments, the expected performance estimation module 160 may output or
otherwise report or use the estimated expected performance. The estimated expected
performance may be used to assess the quality of the task assignment strategy to determine, for
example, whether a different task assignment strategy (or a different pairing model) should be
used, or to predict the expected overall performance (or performance gain) that may be
achieved within the task assignment system 100 when it is optimized or otherwise configured
to use the task assignment strategy.

As noted above, a variety of contexts may use embodiments similar to the task
assignment system 100, including but not limited to contact centers and dispatch centers. One
such example for contact centers is described below with reference to FIG. 2.

FIG. 2 shows a block diagram of a contact center 200 according to embodiments of the
present disclosure. Contact center 200 is similar to the task assignment system 100 (FIG. 1)
sofar as it is a specialized context for assigning tasks (namely, “contacts™) to agents in the
contact center. In an inbound environment, contacts call or otherwise connect to a switch or
other component of the contact center 200 (via, e.g., live text chat, video chat, email, social
media). In an outbound environment, contacts may call (or call back) or otherwise be connected
via an outbound dialer or other component of the contact center 200 and contemporancously
or subsequently assigned to an agent.

Similar to the task assignment system 100, contact center 200 has # agents 220A-—220n
and m contacts 230A—230m that arrive for assignment to the agents over a given period. Switch
210 or a similar routing component such as a PBX/ACD or load balancer may connect
individual contacts to individual agents.

Similar to task assignment strategy module 140, a contact pairing strategy module 240
(e.g., a BP module and/or a benchmarking module) may make pairing recommendations or
mstructions to the Switch 210 in accordance with a contact pairing strategy.

Similar to historical assignment module 150, a historical contact pairing module 250
may monitor, store, retrieve, and/or output information about agent contact pairings that have

already been made. The historical contact pairing module 250 may generate a pairing model,
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which may be used by the contact pairing strategy module 240 to make task assignment
recommendations or instructions to the switch 210. In other embodiments, the historical contact
pairing module 250 may send historical assignment information to another module such as the
contact pairing strategy module 240 or the expected performance estimation module 160 to
generate a pairing model for use with a pairing strategy. FIGS. 3A and 3B, described in detail
below, depict examples of such pairing models for simplified task assignment systems.

FIG. 3A depicts a schematic representation of a task assignment model 300A according
to embodiments of the present disclosure. The task assignment model 300A models a simple
task assignment system for illustrative purposes with three agents ap—az and three task types to—
to. In some embodiments, agents and/or task types may be ordered according to some
information about the agents or the task types (e.g., a diagonal BP model). In other
embodiments, the agents and task types may appear in the model without a particular ordering
(e.g., a payout matrix or a network flow BP model).

In the task assignment model 300A, each cell represents a possible assignment of a
particular task type t; with a particular agent az. Each cell contains an interaction term (fumction)
g(az, t;) for the agent and task type. For example, an assignment of task type t1 to agent a is
shown to have an interaction term of g(az, t1). The specific functional definition of any given
interaction term depends on the task assignment strategy to be used, the context for the task
assignment system, the data available for the given agent and task type used to construct the
task assignment model 300A, etc.

In some embodiments, the interaction term may represent a cost or value of a particular
pairing (e.g., expected conversion rate in a sales queue, expected customer satisfaction rating
in a customer support queue, expected cost of a truck roll in a dispatch center, etc.). In each
case, the expected value may be estimated or otherwise determined using a combination of
information about the agent and the type of task.

FIG. 3B depicts a schematic representation of a contact pairing model 300B according
to embodiments of the present disclosure. Like the task assignment model 300A (FIG. 3A), the
contact pairing model 300B models a simple contact center for illustrative purposes with three
agents ap—a> and three contact types co—c2, which may be the tasks in a contact center context.
Each cell of the contact pairing model 300B indicates the value of the interaction term for each
possible pairing of individual agents and contact types. The contact pairing model 300B may
be suitable for a diagonal BP strategy as described in, e.g., U.S. Patent No. 9,300,802.

Consistent with a diagonal model, the preferred pairings fall along the equivalent of a

“y=x" 45° diagonal line through the contact pairing model 300B, namely: ap with co, a1 with
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¢1, and a» with co. Each of these cells found along the diagonal is shown to have an interaction
term that evaluates to 1.

In some situations, optimal choice of agents (L1) or contacts (L2) is not always
available to select the preferred agent for every contact (1) or to select the preferred contact
for every agent (L.2). In situations with limited choice, the pairing strategy may select the best-
available option. For example, the next best pairings as shown in the contact pairing model
300B are in the cells relatively close to the y=x diagonal. Each of these cells is shown to have
an interaction term that evaluates to 0.5. Moving farther still from the ideal diagonal pairs are
the least-preferred pairs: ao with ¢z and a2 with co, both of which have interaction terms that
evaluate to 0.

A pairing model such as contact pairing model 300B for a contact center is one example
context for a task assignment system. Other contexts mentioned above included a repair
technician dispatched on a truck roll from a dispatch center, and a consulting associate tasked
to a specific project by her consulting firm. More examples of contexts include case
assignments (e.g., insurance claims) to agents (e.g., insurance claim adjusters), and recognizing
retail customers for pairing with individual salesclerks in a retail store. These contexts serve as
example task assignment systems, and embodiments of the present disclosure are not limited
to these contexts.

Unlike task assignment model 300A and contact pairing model 300B, typical work
assignment strategies assign workers (or “agents”) to tasks based on potentially naive
intuitions. For example, in a contact center, tasks may be assigned to an agent based on agent
performance (e.g., PBR). Similarly, a repair technician may be assigned a truck route calculated
to minimize the length of the truck route. As another example, a consulting firm might assign
an associate to a specific project based on the associate’s tenure.

In all these cases, what is lacking is an assessment of the effect of assignment of an
individual worker to an individual task on the remainder of the workers and tasks within an
overall system. For example, in a contact center environment, assignment of one task to a high-
performing agent may necessitate assigning a different task to a low-performing agent, without
due regard for the types of tasks being assigned to high- and low-performing agents. In
aggregate the entire contact center’s performance may be reduced. Similarly, assigning a
certain route to a repair technician may result in assignments of other routes to other repair
technicians such that the overall system performance may be reduced.

As a result, while an individual agent may indeed perform well with an assigned task,

another agent assigned a residual task may perform materially worse. Counterintuitively,

12

Date Regue/Date Received 2023-03-28



10

15

20

25

30

attempting to optimize each task assignment independently may, in fact, lower the overall
performance of the task assignment system rather than increase it.

Embodiments of this disclosure provide techniques for more accurately estimating the
performance of task assignment strategics. The techniques assign tasks to agents in a manner
that accounts for the cumulative effect of subsequent assignments over a period of time to
optimize overall system performance rather than optimizing the performance if any individual
assigned task. For example, the task assignment strategy may leverage a comparative
advantage of using some agents for some types of tasks while using other agents for other types
of tasks.

FIGS. 4A—4K show schematic representations of expected performance estimations for
task assignment strategics, stepping through several techniques for estimating performance
estimation. These examples primarily depict estimating expected performance of a diagonal
model BP strategy in a task assignment system under different conditions. The techniques use
historical task assignment data to estimate expected performance and validate the strategy.

Specifically, as described in more detail below, FIGS. 4A—4C illustrate a validation
technique for estimating expected performance of a diagonal BP model using historical
assignment data. FIGS. 4E and 4F accompany the explanation below for a technique for
improving the accuracy of the estimation technique described with reference to FIGS. 4A-4C
when there is an agent-selection bias in the underlying historical assignment data. FIGS. 4G
and 4H accompany the explanation below for a technique for improving the accuracy of the
estimation technique described with reference to FIGS. 4A—C when there is a task-selection
bias in the underlying historical assignment data. FIGS. 41 and 4J accompany the explanation
below for a technique to compare the estimated expected performance of the task assignment
strategy being validated to the task assignment strategy that resulted in the underlying historical
assignment data. Finally, FIG. 4K accompanies the explanation below for a technique to
visualize the distribution of freedom of choice found in the underlying historical assignment
data to improve the real-world expectations of an estimated expected performance of the task
assignment strategy being validated.

FIG. 4A shows a schematic representation of a task assignment strategy expected
performance estimation 400A according to embodiments of the present disclosure. In this task
assignment system, there may be an arbitrary finite number of agents and task types. Under the
BP strategy diagonal model, cach agent may be assigned an agent percentile ranking between
0 and 1, and each task type may be assigned a task percentile ranking between 0 and 1. The

ideal or optimal pairings, at which a diagonal BP strategy is expected to operate at peak
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performance with ideal choice, are shown as a dashed diagonal line along y=x (i.e., the line
along which Task Percentile equals Agent Percentile).

Historical assignment data may be received. In the schematic representation of expected
performance estimation 400A, each of the historical assignments is shown on a graph. Points
indicated with the letter “O” represent pairings that had desirable outcomes, and points
indicated with the letter “X” represent pairings that had undesirable outcomes. For example, in
a contact center sales queue, an “O” may indicate a historical task in which a sale was made,
and an “X” may indicate a historical task in which a sale was not made (a binomial outcome
variable). In other examples, multinomial or continuous outcome variables may be used.

If a task assignment system uses a FIFO pairing strategy or another essentially random
or relatively uniformly distributed pairing strategy, a set of historical assignments may be
relatively umiformly distributed throughout a graph such as expected performance estimation
400A. In other words, under FIFO, there is an equal probability that a task for a given type may
be assigned to any of the agents, with roughly equal utilization. Some historical assignments
may appear close to the diagonal line (preferred pairings under the diagonal BP strategy), while
other historical assignments may appear farther from the diagonal line (non-preferred pairings),
and so on.

In expected performance estimation 400A, the full set of 29 historical assignments are
shown. The set contains 12 pairings with desirable outcomes (the O’s) and 17 pairings with
undesirable outcomes (the X’s). In some embodiments, the estimated expected performance of
the baseline or underlying task assignment strategy (e.g., FIFO as in this example) may be
computed as the proportion of desirable outcomes found in the set: 12/29=41%.

A diagonal BP strategy secks to improve upon other pairing strategies by preferentially
pairing tasks to agents that are most similar in percentile ranking, such that if these pairs were
plotted on a chart, they would lic as close as possible to the y=x diagonal line (i.e., Task
Percentile = Agent Percentile).

In some embodiments, the expected performance of a task assignment strategy may be
estimated (e.g., validated) using historical assignment data. In some embodiments, the
validation may be performed using the same historical assignments used to construct the
pairing model. In other embodiments, one set of historical assignments may be used to
construct the pairing model, and a different set of historical assignments may be used to validate
the model.

An insight for validating a task assignment strategy with historical assignment data is

that the set of historical assignments can be sampled (or weighted, etc.) according to how likely
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it would have occurred had the task assignment system been running the pairing strategy being
validated instead of the underlying pairing strategy that produced the historical assignments.

In the case of a diagonal BP strategy, there is a convenient geometric representation of
a validation technique used in some embodiments and illustrated by FIGS. 4B and 4C. Namely,
the closer a historical pairing lies to the ideal diagonal line, the more likely it is that such a
historical pairing would have occurred using the diagonal BP strategy being validated. A
partition may be established for excluding historical assignments from the sample that exceed
a certain distance from the diagonal.

For a good diagonal pairing model, there should be proportionally more desirable
outcomes within the sample as the acceptable distance (a threshold distance, or threshold
“closeness of fit”) for the sample approaches closer to the diagonal line. FIG. 4A shows the
entire validation set of historical pairings, FIG. 4B shows a relatively large sample (relatively
far acceptable/threshold distance from the diagonal), and FIG. 4C shows a relatively narrow
sample (relatively short acceptable/threshold distance from the diagonal).

FIG. 4B shows a schematic representation of a task assignment strategy expected
performance estimation 400B according to embodiments of the present disclosure. In expected
performance estimation 400B, the plot of historical tasks is shown again, except two regions
beyond a specified distance from the diagonal have been grayed out. In expected performance
estimation 400B, the remaining sample contains 21 historical assignments, including 10
pairings with desirable outcomes (the O’s). Therefore, the estimated expected performance of
the diagonal BP strategy given this distance from the ideal, peak performance may be
determined to be 10/21=48%.

Comparing the expected performance of =48% to the underlying performance of ~41%
shown with reference to expected performance estimation 400A (FIG. 4A), the expected
improvement (or expected “gain”) provided by this diagonal BP strategy over the underlying
strategy may be approximately 17%. This expected gain estimate assumes that the typical
amount of (limited) choice available in this task assignment system tends to yield pairings
distributed throughout this relatively wide band of pairings.

FIG. 4C shows a schematic representation of a task assignment strategy expected
performance estimation 400C according to embodiments of the present disclosure. Expected
performance estimation 400C depicts a narrower band of pairings (i.e., shorter acceptable
distance from the diagonal to include in the sample) than expected performance estimation
400B (FIG. 4B), and the excluded regions are larger. In expected performance estimation 400C,

the subset of 12 historical assignments contained 8 pairings with desirable outcomes (the O’s).
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Therefore, the estimated expected performance of the diagonal BP strategy may be determined
to be 8/12=67%, or an approximately 63% gain over the underlying strategy for this amount of
(Iess limited) choice, which tends to yield pairings distributed throughout this relatively narrow
band.

In the example of FIGS. 4A—4C, the expected performance increased as the band for
sampling narrowed, an indicator that this diagonal BP model may be effective for optimizing
or otherwise increasing the performance of the task assignment system as compared to the
underlying task assignment strategy (e.g., FIFO).

In some embodiments, arbitrarily many samples may be measured at varying distances
from the diagonal, starting with the full set and ending with an infinitesimally small distance
from the diagonal.

As the band narrows, approaching closer to an infinitesimally small band around the
diagonal (representing peak performance with ideal, optimal choice for every pairing), more
and more historical tasks are excluded as being pairings that the diagonal BP strategy would
likely not have made (being too far from the preferred pairings closer to the diagonal). This
effect is apparent in FIGS. 4A—4C: FIG. 4A included 29 historical assignments (the full set),
FIG. 4B sampled 21 of the historical assignments, and FIG. 4C sampled only 12.

FIG. 4D shows a schematic representation of a task assignment strategy cxpected
performance estimation 400D according to embodiments of the present disclosure. Expected
performance estimation 400D shows a correlation curve when plotting out the expected
performance (e.g., ratio of desirable outcomes to sample size) against varying degrees of
threshold closeness of fit. The correlation curve starts near top left and drops off toward bottom
right, indicating that a sample’s performance increases as the threshold closeness of fit narrows
toward the preferred task assignment strategy (e.g., pairing tasks with agents that fall close to
the diagonal).

In a real-world task assignment system using a BP task assignment strategy, actual task
assignments may be found throughout the pairing space, with many pairings relatively close to
the optimal diagonal, and with other pairings relatively far from the optimal diagonal. The
distribution of assignments at varying degrees of threshold closeness of fit can help estimate
how well the BP task assignment strategy achieves peak performance. Comparing this
distribution of real-world (e.g., BP “On” data) to the expected performance estimation 400D
may allow for an increasingly accurate estimate of overall expected performance. In some
embodiments, the expected performance may be a simple average of the performance of

samples across varying degrees of closeness of fit. In other embodiments, the expected

16

Date Regue/Date Received 2023-03-28



10

15

20

25

30

performance may be a weighted average of the performance of samples across varying degrees
of closeness of fit and weighted according to the distribution of pairings found in collections
of “On” data when the task assignment system was using a preferred pairing strategy (e.g., a
BP strategy). In other embodiments, other formulae may be applied to estimate the expected
performance or gain in the task assignment system using the correlation curve of expected
performance estimation 400D.

As more and more historical tasks are excluded from increasingly narrow samples, the
amount of data available to determine estimated gain decreases, so the accuracy of the
estimation decreases as well. Indeed, at some sufficiently narrow band, all of the historical
assignment data may be excluded, resulting in an empty sample with an undefined (“0/0™)
expected performance.

Consequently, it may be beneficial in some embodiments to compute the expected
accuracy of the expected performance estimates (e.g., standard error) for each band tested. In
these embodiments, the accuracy or error information would be available to help assess the
reliability of a given expected performance estimation.

As above, in these embodiments, an arbitrarily large number of estimations and
accuracy/error measurements may be made stepping through increasingly narrow bands,
excluding more and more historical tasks as the band approaches closer and closer to optimal
pairing until none remain.

The example shown in FIGS. 4A—4C used a single set of historical data. In some
embodiments, this validation process can be repeated for arbitrarily many different sets of
historical data. In some embodiments, cach of the one or more historical assignment sets may
be a “holdout set” or “validation set” that is wholly or at least partially different from the
“training set” used to create the pairing strategy. In other embodiments, some or all of the
historical assignment sets may be “in-samples” taken from a larger set of historical assignments
used to create the pairing strategy.

In some embodiments, for either holdout sets or in-sample sets, these samples may be
oversampled, counting a single historical assignment multiple times across multiple samples,
for situations where such oversampling techniques are useful for determining more accurate
expected performance estimations. For a simplistic example, if a holdout set contains five
historical assignments labeled A—E, the first sample may contain historical assignments A, B,
and C; the second sample may contain historical assignments B, C, and D; the third sample
may contain historical assignments C, D, and E; and so on. In this example, historical

assignment B is oversampled, included in at least the first and second samples. In another
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example, such as when oversampling for a narrowing threshold closeness of fit, the first
(largest) sample may contain historical assignments A—E; the second (smaller) sample may
contain historical assignments B—D; and so on, to the smallest sample that may contain only
historical assignment B.

Embodiments of the present disclosure may use one or more of a variety of different
validation techniques, such as k-fold, random, time, random time, random rolling, off data,
train on/off, train off, lift curve, etc. In some embodiments, the validation techniques may also
include normalization for time-based changes in the call center system environment.
Generalized k-fold validation techniques and some of these other techniques are described in
detail in, e.g., James ef al., An Introduction to Statistical Learning (2013), at pp. 29-33 and
17686, and Hastie et al., The Elements of Statistical Learning, 2d ed. (2008), at pp. 219-57.

In the preceding example, the underlying task assignment strategy may have been
FIFO, which resulted in historical assignments that were distributed relatively uniformly
throughout the space of possible pairings. However, in some task assignment systems, a
different task assignment strategy may have been used that introduces utilization bias to the
agents and/or tasks. FIGS. 4E and 4F show an example of agent utilization bias due to PBR,
and FIGS. 4G and 4H show an example of task utilization bias due to a task prioritization
strategy (e.g., prioritized or “VIP” call routing in a call center).

FIG. 4E shows a schematic representation of a task assignment strategy expected
performance estimation 400D according to embodiments of the present disclosure. In this
example, most of the historical assignments are clustered toward the right side of the graph,
around agents having higher percentile rankings. In this example, agent percentile is
proportional to agent performance, and this agent utilization bias is due to having used PBR as
the underlying pairing strategy for the historical assignments. In other embodiments or contact
center environments, percentiles may correspond to metrics other than performance. For
example, agent percentile may be proportional to each agent’s ability to influence the outcome
of a call regardless of the agent’s overall performance (e.g., amount of revenue generated).

Consequently, there is proportionally less data available for agents at lower percentiles.
Thus, if left uncorrected, this bias could also skew or bias expected performance estimations
as explained below with reference to FIG. 4F.

FIG. 4F shows a schematic representation of a task assignment strategy expected
performance estimation 400E according to embodiments of the present disclosure. Expected

performance estimation 400E depicts the same historic assignments as expected performance
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estimation 400D, with the regions outside the band, farther from the diagonal, have been
excluded.

The subset of included historic assignments also have a biased distribution, skewed
toward higher-ranking agents. A naive approach to estimating expected performance for this
band would note that there are 9 desirable outcomes out of a total of 11 historic agent tasks.
However, many of these desirable outcomes are clustered around higher-performing agents and
so may lead to an unrealistically high expected performance estimation.

Therefore, in some embodiments, expected performance may be estimated more
accurately by weighting each vertical slice of historic assignments proportionally according to
the number of historic assignments found within a given slice. Reweighting the subset of
historic assignments in this way (i.e., “Agent Percentile Correction” or “AP Correction”) may
remove the bias from the underlying PBR strategy, yielding a more accurate estimate of
expected performance.

FIG. 4G shows a schematic representation of a task assignment strategy expected
performance estimation 400F according to embodiments of the present disclosure. In this
example, most of the historical assignments are clustered toward the top of the graph, around
tasks having higher percentile rankings. In this example, this task utilization bias is due to
having used a task prioritization strategy as the underlying pairing strategy for the historical
assignments.

Consequently, there is proportionally less data available for tasks at lower percentiles.
Thus, if left uncorrected, this bias could also skew or bias expected performance estimations
as explained below with reference to FIG. 4H.

FIG. 4H shows a schematic representation of a task assignment strategy expected
performance estimation 400G according to embodiments of the present disclosure. Expected
performance estimation 400G depicts the same historic assignments as expected performance
estimation 400F, with the regions outside the band, farther from the diagonal, have been
excluded.

The subset of included historic assignments also have a biased distribution, skewed
toward higher-ranking tasks. A naive approach to estimating expected performance for this
band would note that there are 9 desirable outcomes out of a total of 11 historic agent tasks.
However, many of these desirable outcomes are clustered around higher-performing agents and
so may lead to an unrealistically high expected performance estimation.

Therefore, in some embodiments, expected performance may be estimated more

accurately by weighting each horizontal slice of historic assignments proportionally according
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to the number of historic assignments found within a given slice. Reweighting the subset of
historic assignments in this way (i.e., “Task Percentile Correction” or “TP Correction”, or for
a contact center context, “Contact Percentile Correction” or “CP Correction”) may remove the
bias from the underlying task/contact prioritization strategy, yielding a more accurate estimate
of expected performance.

In some embodiments, it may be useful to measure how well (or how poorly) the
underlying task assignment strategy optimizes performance relative to the task assignment
strategy under validation. FIGS. 41 and 4J depict an example of one such technique applied to
a diagonal BP pairing strategies.

FIG. 41 shows a schematic representation of a task assignment strategy expected
performance estimation 400H according to embodiments of the present disclosure. The x-axis
is labeled “Realization of Peak Performance” and proceeds from “High” near the origin to
“Low” on the right. For a diagonal BP model, high realization of peak performance indicates
sampling historical assignments relatively close to the ideal, optimal diagonal line, at which
hypothetical peak performance may be achieved. Low realization of peak performance
indicates sampling historical assignments in a wider band spread out farther from the diagonal.

The y-axis is labeled “Sample Size” and proceeds from 0 near the origin to » (here, the
size of the full set of # historical assignments) at the top. For a diagonal BP model, the sample
size shrinks as the band size becomes increasingly narrow. As the band size approaches peak
performance along the diagonal, the sample size eventually drops to 0. As the band size
approaches low performance, the sample size eventually reaches », encompassing the entire
set of historical assignments.

If the underlying task assignment strategy had been FIFO, whereby the historical
assignments may be relatively evenly distributed throughout each band, it may often be the
case that sample size decreases proportionally to the square of the width of the band as the
width decreases toward peak performance. As such, FIFO is a neutral strategy that represents
a baseline performance level within the task assignment system. In expected performance
estimation 400H, the dashed curve represents this baseline performance level for each sample
size.

In this example, the solid curve “bows above” the dashed baseline performance curve,
such that the sample size increases rapidly for relatively high realizations of peak performance
(relatively narrow bands). In these environments, historical assignments may appear to be
clustered proportionally closer to the diagonal. In these environments, the underlying strategy

that generated the historical assignments may already be achieving a relatively high realization
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of peak performance when compared to the task assignment strategy being validated. Thus, the
expected gain over the underlying (incumbent) strategy may be relatively low as compared to
FIFO.

FIG. 4] shows a schematic representation of a task assignment strategy expected
performance estimation 4001 according to embodiments of the present disclosure. The expected
performance estimation 4001 is similar to the expected performance estimation 400H (FIG. 41),
expect in this example, the curve “bows below” the dashed baseline performance curve, such
that the sample size increases slowly for relatively high realizations of peak performance
(relatively narrow bands). In these environments, historical assignments may appear to be
clustered in regions proportionally farther from the diagonal. In these environments, the
underlying strategy that generated the historical assignments may be performing worse than
FIFO, which may be mathematically equivalent to a strategy that performs worse than random.
Thus, the expected gain over the underlying (incumbent) strategy may be relatively high as
compared to FIFO.

In some embodiments, it may be useful to estimate or otherwise predict which band or
range of bands most likely models the “real-world” task assignment system. In the real-world
task assignment system, the task assignment system will experience varying degrees of possible
choice over time as the supply of available agents to meet the demand of waiting tasks
constantly fluctuates. The real-world distribution of choice likely peaks somewhere between
ideal, optimal choice (peak performance) and completely constrained, limited choice (e.g.,
always one-to-one, or “L0”).

FIG. 4K illustrates a technique to visualize the distribution of freedom of choice found
in the underlying historical assignment data to improve the real-world expectations of an
estimated expected performance of the task assignment strategy being validated.

FIG. 4K shows a schematic representation of a task assignment strategy expected
performance estimation 400J according to embodiments of the present disclosure. In these
embodiments, information about the distribution or frequency of varying degrees of choice
may be associated with the historical assignment information, and a band or range of bands
may be determined to model the real-world task assignment system more closely than other
bands/samples. Having identified this band or range of bands, these embodiments may output
the estimated expected performance and/or standard error for the identified band or range of
bands as being the most probable expected performance.

In some embodiments, a workforce recommendation may be made to increase or

decrease agent staffing to increase the average amount of choice available to a pairing strategy
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for selecting agents or tasks, respectively. In some embodiments, a pairing strategy may delay
pairings when the amount of choice available is considered too low, allowing time for more
tasks and/or agents to become ready for pairing.

The preceding examples primarily discussed diagonal BP strategics. In some
embodiments, an expected performance may be estimated for other types of BP strategies such
as a network flow BP strategy.

FIG. 5 shows a schematic representation of a task assignment payout matrix 500
according to embodiments of the present disclosure. Similar to task assignment model 300A
(FIG. 3A) and contact pairing model 300B (FIG. 3B), payout matrix 500 shows three agents
ao—az and three task types to—t2. Each cell contains the value of an interaction term g(a;, t) for
a given agent and task type assignment.

In this example, three preferred pairings have an expected value of 1 and fall along the
diagonal, and the other less-preferred pairings have an expected value of 0.5 or 0. Unlike the
example of contact pairing model 300B (FIG. 3B), the expected values of pairings do not
consistently decrease as the pairings get farther from the diagonal. For example, the pairing of
task t1 to agent a» (expected value of 0) is closer to the diagonal than the pairing of task t> to
agent a> (expected value of 0.5).

In some embodiments, a diagonal pairing strategy may still provide outstanding
performance improvements and balanced agent utilization even for environments such as the
highly simplified illustrative example of task assignment payout matrix 500. In other
embodiments, a different pairing strategy, such as a network flow (or linear programming)-
based BP strategy may provide greater performance optimization while still achieving a desired
balance of agent utilization, such as for environments analogous to task assignment payout
matrix 500 for which no ordering of agents and tasks provide a consistent increase in expected
values as pairings’ distance to the diagonal gets shorter (i.e., the closeness of fit gets closer).
The task assignment payout matrix 500 may be used in conjunction with a network flow BP
strategy as described in, e.g., U.S. Patent Application No. 15/582,223.

As with a diagonal BP strategy, a network flow BP strategy may also be validated using
historical assignment data. However, because there is no geometric analogy for a network flow
BP strategy like distance from the diagonal linc in a diagonal BP strategy, these validation
techniques are not readily illustrated in figures as they were in FIGS. 4A—4H. In some
embodiments, the historical assignments may be sampled (or oversampled) repeatedly at one

or more approximations to the network flow BP strategy’s peak performance given ideal or
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optimal amount of choice. For example, historical assignment samples size 3 (or 4 or more)
may be determined.

For example, a sample of historical assignments may include a preferred pairing of ao
to t, with a desirable outcome, a non-preferred pairing of a1 to t; with a desirable outcome, and
a non-preferred pairing of a> to to with an undesirable outcome. The underlying performance
of this sample may be determined as the proportion of desirable outcomes in the sample, or
2/3=67%.

Given a choice of three as in sample size three, non-preferred pairings according to
network flow S00B may be excluded. Consequently, only one historical assignment, a1 to t
with a desirable outcome, is in the sample, or 1/1=100%.

In these embodiments, the amount of data available in any one sample is highly
constrained (e.g., only 3 historical assignments) in contrast with dozens or many thousands of
historical assignments that may be find in the full set. Thus, it may be especially important to
repeatedly sample the historical assignments to determine frequencies of preferred pairings and
the weighted proportions of those that had desirable outcomes.

As with the diagonal BP strategy, it may be useful to determine whether the underlying
strategy is already partially optimized and/or to correct for overrepresentation or bias of agents
and/or tasks in the historical assignment data.

Although the techniques vary in the details depending on the type of task assignment
strategy being created and validated (e.g., diagonal BP strategy validation techniques compared
with network flow BP strategy validation techniques), these techniques may involve sampling
or weighting historical assignment data. In some embodiments, these techniques may involve
repeated sampling, oversampling, bias correction, approximation toward peak performance or
optimal choice, expected performance estimation, expected gain estimation (comparisons to
underlying historical performance), accuracy/error measurements, expected real-world gain
estimation (e.g., comparisons to underlying distribution of available choice), etc. FIGS. 6A-9
depict flow diagrams for various expected performance estimation methods described above.

FIG. 6A shows a flow diagram of an expected performance estimation method 600A
according to embodiments of the present disclosure. At block 610, expected performance
estimation method 600A may begin.

At block 610, a plurality of historical assignments may be received. In some
embodiments, the plurality of historical assignments may be received from a historical
assignment module such as historical assignment module 150 (FIG. 1) or a historical contact

pairing module 250 (FIG. 2). In some embodiments, the plurality of historical assignments may
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be an in-sample of the plurality of historical assignments that were also used to build, generate,
construct, train, refine, or otherwise determine a task assignment (pairing) model or task
assignment (pairing) strategy. In other embodiments, the plurality of historical assignments be
an out-sample (holdout set, validation set, etc.) that include historical assignments that were
not used for model building. After receiving the plurality of historical assignments, the
expected performance estimation method 600A may proceed to block 620A.

At block 620A, a sample of the plurality of historical assignments based on a strategy
for pairing agents with tasks may be determined. In some embodiments, the sample may be
determined by an expected performance estimation module such as expected performance
estimation module 160 (FIGS. 1 and 2). In some embodiments, the sample may be determined
by analyzing the plurality of historical assignments, including historical assignments in the
sample that are sufficiently likely to have occurred using the task assignment strategy and
excluding historical assignments from the sample that are sufficiently umlikely to have
occurred. For example, in the case of a diagonal BP strategy, including pairings that fall within
a band or specified distance from the diagonal line. After determining the sample of the
plurality of historical assignments based on the pairing strategy, expected performance
estimation method 600A may proceed to block 630A.

At block 630A, an expected performance of the pairing strategy based on the sample
may be determined. In some embodiments, the determination or estimation of expected
performance may be computed as the proportion of desirable outcomes (e.g., positive outcomes
for binomial variables, or sufficiently positive outcomes for multinomial or continuous
variables) to the total number of historical pairings in the sample. In other embodiments, the
expected performance estimation may be corrected or otherwise adjusted to account for bias
that may exist in the underlying historical assignment data, such as overrepresentation of a
subset of agents (e.g., under PBR) or overrepresentation of a subset of task types (e.g., under a
task prioritization strategy). In some embodiments, the expected performance estimation may
account for the frequencies at which some of the historical assignments may have been
oversampled (e.g., counted multiple times within the same sample in accordance with a sample
determination technique). After determining the expected performance of the pairing strategy,
expected performance estimation method 600A may proceed to block 640.

At block 640, the determined or estimated expected performance may be outputted. In
some embodiments, expected performance estimation module 160 may out the estimated

expected performance to the task assignment module 110 (FIG. 1), the switch 210 (FIG. 2), or
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another component or module within a task assignment system or otherwise communicatively
coupled to the task assignment system.

In some embodiments, after outputting the estimated expected performance determined
at block 630, the expected performance estimation method 600A may return to block 620 to
determine a different sample. In other embodiments, the expected performance estimation
method 600A may return to block 610 to receive a different plurality of historical assignments
(e.g., a different in-sample or a different holdout set). In other embodiments, the expected
performance estimation method 600A may end.

FIG. 6B shows a flow diagram of an expected performance estimation method 600B
according to embodiments of the present disclosure. The expected performance estimation
method 600B is similar to the expected performance estimation method 600A except that
historical assignments may be weighted instead of being included or excluded in a sample.

The expected performance estimation method 600B may begin at block 610. At block
610, a plurality of historical assignments may be received as in expected performance
estimation method 600A. After receiving the plurality of historical assignments, the expected
performance estimation method 600B may proceed to block 620B.

At block 620B, a weighting of at least one of the plurality of historical assignments
based on a strategy for paring agents with tasks may be determined. In some embodiments, a
weighting may be assigned to all of the historical assignments reccived at block 610. In some
embodiments, a weighting of zero may be assigned to some of the historical assignments. In
these embodiments, a zero-weight may be similar to excluding the historical pairing from a
sample as in block 620A (FIG. 6A) of the expected performance estimation method 600A. In
some embodiments, a weighting may indicate a likelihood that the historical assignment would
have occuired under the pairing strategy being validated. After determining a weighting of at
least onc of the plurality of historical assignments, the expected performance estimation
method 600B may proceed to block 630B.

At block 630B, an expected performance of the strategy based on the weighting may
be determined. For example, the expected performance may be computed as a weighted
average of the value associated with each of the weighted historical assignments. As in block
630A of the expected performance estimation method 600A, the expected performance
estimation may be adjusted in various embodiments and situations, such as to correct for bias
in the underlying historical assignment data. After determining the expected performance, the

expected performance estimation method 600B may proceed to block 640.
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At block 640, the expected performance may be outputted as in the expected
performance estimation method 600A. In various embodiments, the expected performance
estimation method 600B may retumn to block 610 for a next plurality of historical assignments,
620B for a next weighting determination, or the expected performance estimation method 600B
may end.

FIG. 7 depicts a flow diagram of an expected performance estimation method 700
according to embodiments of the present disclosure. The expected performance estimation
method 700 may begin at block 710.

At block 710, a plurality of historical assignments may be received. After receiving the
plurality of historical assignments, the expected performance estimation method 700 may
proceed to block 720.

At block 720, the plurality of historical assignments may be partitioned into a training
subset and a validation subset (holdout subset, out-sample). After partitioning the plurality of
historical assignments, the expected performance estimation method 700 may proceed to block
730.

At block 730, a pairing strategy may be generated based on the training subset. For
example, the historical assignments may be used to identify patterns automatically within the
task assignment system, and/or the historical assignments may be used to compute values/costs
for a pairing model or payout matrix. After generating the pairing strategy, the expected
performance estimation method 700 may proceed to block 740.

At block 740, expected performance of the pairing strategy may be determined based
on the validation subset. In some embodiments, the expected performance may be determined
using any of the validation techniques described hercin such as expected performance
estimation methods 600A and 600B (e.g., determining a sample or weightings of the validation
set, respectively; determining expected performance based on the sample or weightings,
respectively; and, in some embodiments, repeatedly sampling or weighting the historical
assignment data). After determining the expected performance of the pairing strategy, the
expected performance estimation method 700 may proceed to block 750.

At block 750, the expected performance may be outputted. After outputting the
expected performance, some embodiments may return to block 720 to obtain a next validation
set or to block 740 to determine a next expected performance based on the validation subset.
In other embodiments, the expected performance estimation method 700 may end.

FIG. 8 depicts a flow diagram of an expected performance estimation method 800

according to embodiments of the present disclosure. The expected performance estimation
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method 800 is similar to expected performance estimation method 700 (FIG. 7), except that it
explicitly describes embodiments that may repeat some of the blocks for multiple validation
sets. At block 810, the expected performance estimation method 800 may begin.

At block 810, a plurality of historical assignments may be received. After receiving the
plurality of historical assignments, the expected performance estimation method 800 may
proceed to block 820. At block 820, the plurality of historical assignments may be partitioned
into a training subset and a validation subset. After partitioning the plurality of historical
assignments, the expected performance estimation method 800 may proceed to block 830. At
block 830, expected performance of the pairing strategy may be determined based on the
validation set. After determining the expected performance, the expected performance
estimation method 800 may proceed to block 840.

At block 840, a determination may be made as to whether to repeat part of the method
for a next validation subset. If yes, the expected performance estimation method 800 may return
to, for example, block 820 to partition a next validation subset and/or a next training subset,
and to block 830 to determine expected performance based on the next validation subset. If no,
the expected performance estimation method 800 may proceed to block 850.

At block 850, the combined expected performances (e.g., an average expected
performance or a weighted average expected performance) for at least two of the plurality of
validation subsets may be outputted. After outputting the combined expected performances, the
expected performance estimation method 800 may end.

FIG. 9 depicts a flow diagram of an expected performance estimation method 900
according to embodiments of the present disclosure. The expected performance estimation
method 900 is similar to the process described with reference to FIGS. 4A—4H and SA-5B, in
which samples are repeatedly determined for estimating expected performance at increasing
approximations of an ideal, peak strategy (e.g., progressively narrow bands for a diagonal BP
strategy or progressively increasing sample sizes for a network flow BP strategy. At block 910,
the expected performance estimation method 900 may begin.

At block 910, a plurality of historical assignments may be received. After receiving the
plurality of historical assignments, the expected performance estimation method 900 may
proceed to block 920.

At block 920, a sample of the plurality of historical assignments may be determined
based on a degree of realization relative to peak performance of a pairing strategy (e.g., a

particular band size or distance from the diagonal for a diagonal BP strategy or a particular
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sample size for a network flow BP strategy). After determining a sample, the expected
performance estimation method 900 may proceed to block 930.

At block 930, an expected performance of the pairing strategy may be determined based
on the sample, using any of the previously described techniques. After determining the
expected performance, the expected performance estimation method 900 may proceed to block
940.

At block 940, a decision may be made whether to repeat for a next degree of realization.
If yes, the expected performance estimation method 900 may return to block 920 to determine
a next sample based on a next degree of realization (e.g., a narrower band in a diagonal BP
strategy, or a larger sample size in a network flow BP strategy), and proceed to block 930 to
determine another expected performance based on this next sample and next degree of
realization. If no, the expected performance estimation method 900 may proceed to block 950.

At block 950, the expected performance based on the plurality of samples and an
expected degree of realization relative of peak performance may be outputted. For example, a
chart may be provided plotting the estimated expected performance along the y-axis for each
degree of realization on the x-axis. In other embodiments, the expected performance estimates
may be combined (e.g., an average or weighted average). In other embodiments, a
determination of “real-world” realization of peak performance may be estimated, and the
expected performance at the real-world degree of realization may be outputted. After outputting
the expected performance, the expected performance estimation method 900 may end.

At this point it should be noted that estimating expected performance in a task
assignment system in accordance with the present disclosure as described above may involve
the processing of input data and the generation of output data to some extent. This input data
processing and output data generation may be implemented in hardware or software. For
example, specific electronic components may be employed in an expected performance
estimation module or similar or related circuitry for implementing the functions associated with
estimating expected performance in a task assignment system in accordance with the present
disclosure as described above. Altematively, one or more processors operating in accordance
with instructions may implement the functions associated with estimating expected
performance in a task assignment system in accordance with the present disclosure as described
above. If such is the case, it is within the scope of the present disclosure that such instructions
may be stored on one or more non-transitory processor readable storage media (e.g., a magnetic
disk or other storage medium), or transmitted to one or more processors via one or more signals

embodied in one or more carrier waves.
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The present disclosure is not to be limited in scope by the specific embodiments
described herein. Indeed, other various embodiments of and modifications to the present
disclosure, in addition to those described herein, will be apparent to those of ordinary skill in
the art from the foregoing description and accompanying drawings. Thus, such other
embodiments and modifications are intended to fall within the scope of the present disclosure.
Further, although the present disclosure has been described herein in the context of at least one
particular implementation in at least one particular environment for at least one particular
purpose, those of ordinary skill in the art will recognize that its usefulness is not limited thereto
and that the present disclosure may be beneficially implemented in any number of
environments for any number of purposes. Accordingly, the claims set forth below should be

construed in view of the full breadth and spirit of the present disclosure as described herein.
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CLAIMS

1. A method comprising:

receiving, by at least one computer processor communicatively coupled to and
configured to perform contact-agent pairing operations in a contact center system, a
plurality of contact types;

receiving, by the at least one computer processor, a plurality of agent sets;

receiving, by the at least one computer processor, a first plurality of contact-agent
interaction sets and associates outcomes;

generating, by the at least one computer processor, a plurality of weights based on
the first plurality of contact-agent interaction sets, the plurality of contact types, and the
plurality of agent sets;

receiving, by the at least one computer processor, a second plurality of contact-
agent interaction sets and associated outcomes;

applying, by the at least one computer processor, plurality of weights to the
second plurality of contact-agent interaction sets; and

estimating, by the at least one computer processor, a performance of a pairing
strategy based on the applying, wherein the pairing strategy is configured to cause a
connection to be established between a contact and an agent in a switch of the contact

center system.

2. The method of claim 1, wherein the plurality of weights consists of 0 and 1.

3. The method of claim 1, wherein the pairing strategy is a behavioral pairing
strategy.

4. The method of claim 3, wherein the behavioral pairing strategy is a diagonal
pairing strategy.

5. The method of claim 1, wherein the first and second pluralities of contact-agent

interaction sets are not identical.
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6. The method of claim 1, wherein the plurality of weights is based on a target

utilization of at least one agent set of the plurality of agent sets.

7. The method of claim 1, wherein each of the plurality of weights represents a

closeness of fit to the pairing strategy.

8. A system comprising:

at least one computer processor communicatively coupled to and configured to
perform contact-agent pairing operations in a contact center system, wherein the at least
one computer processor is further configured to:

receive a plurality of contact types;

receive a plurality of agent sets;

receive a first plurality of contact-agent interaction sets and associated outcomes;

generate a plurality of weights based on the first plurality of contact-agent
interaction sets, the plurality of contact types, and the plurality of agent sets;

receive a second plurality of contact-agent interaction sets and associated
outcomes;

apply the plurality of weights to the second plurality of contact-agent interaction
sets; and

estimate a performance of a pairing strategy based on the applying, wherein the
pairing strategy is configured to cause a connection to be established between a contact

and an agent in a switch of the contact center system.

9. The system of claim 8, wherein the plurality of weights consists of 0 and 1.

10.  The system of claim 8, wherein the pairing strategy is a behavioral pairing

strategy.

11.  The system of claim 10, wherein the behavioral pairing strategy is a diagonal
pairing strategy.
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12.  The system of claim 8, wherein the first and second pluralities of contact-agent

interaction sets are not identical.

13.  The system of claim 8, wherein the plurality of weights is based on a target

utilization of at least one agent set of the plurality of agent sets.

14.  The system of claim 8, wherein each of the plurality of weights represents a

closeness of fit to the pairing strategy.

15.  An article of manufacture comprising:

a non-transitory computer processor readable medium; and

instructions stored on the medium;

wherein the instructions are configured to be readable from the medium by at
least one computer processor communicatively coupled to and configured to perform
contact-agent pairing operations in a contact center system and thereby cause the at least
one computer processor to operate so as to:

receive a plurality of contact types;

receive a plurality of agent sets;

receive a first plurality of contact-agent interaction sets and associated outcomes;

generate a plurality of weights based on the first plurality of contact-agent
interaction sets, the plurality of contact types, and the plurality of agent sets;

receive a second plurality of contact-agent interaction sets and associated
outcomes;

apply the plurality of weights to the second plurality of contact-agent interaction
sets; and

estimate a performance of a pairing strategy based on the applying, wherein the
pairing strategy is configured to cause a connection to be established between a contact

and an agent in a switch of the contact center system.

16.  The article of manufacture of claim 15, wherein the plurality of weights consists
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of 0 and 1.

17.  The article of manufacture of claim 15, wherein the pairing strategy is a

behavioral pairing strategy.

18.  The article of manufacture of claim 17, wherein the behavioral strategy is a

diagonal pairing strategy.

19.  The article of manufacture of claim 15, wherein the first and second pluralities of

contact-agent interaction sets are not identical.

20.  The article of manufacture of claim 15, wherein the plurality of weights is based

on a target utilization of at least one agent set of the plurality of agent sets.
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