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TECHNIOUES FOR BEHAVIORAL PAIRING IN A CONTACT CENTER SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
This mtemational patent application claims priority to U.S. Patent Application No.
15/582,223, filed Aprit 28, 2017 and claims priority to U.S. Patent Application No. 15/691,106,
filed August 30, 2017, which is a continuation of U5, Patent Application No. 15/582.223, filed
Apnil 28, 2017, each of which is hereby incorporated by reference m their entirety as if fully

set forth herein.

FIELD OF THE BISCLOSURE
Thus disclosure generally relates to pairing contacts and agents in contact centers and,

more particiarly, to techoiques for behavioral pairing in a contact center system.

BACKGROUND OF THE DISCLOSURE

A typical contact center algorithmically assigns contacts arriving at the contact center
to agents avatlable to handle those contacts. At times, the contact center may have agenis
available and waiting for assignment to inbound or outbound contacts (e.g., telephone calls,
Internet chat sessions, email}. At other times, the contact center may have contacts watting in
one or more queunes for an agent to becorne available for assignment.

In some typical contact centers, contacts are assigned to agents ordered based on time
of ammval, and agents receive contacts ordered based on the time when those agents became
available. This strategy may be referred to as a “furst-in, first-out”, “FIFO”, or “round-robm”
strategy. In other typical contact centers, other strategics may be used, such as “performance-

based routing”, or a “PBR” strategy.
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In other, more advanced contact centers, contacts are paired with agents using a
“behavioral pairing”, or a “BP” strategy, under which contacts and agenis may be deliberately
(preferentially) paired 1n a fashion that enables the assignment of subsequent contact-agent
pairs such that when the benefits of all the assignments under a BP strategy are totaled they
may exceed those of FIFO and other strategics such as performance-based routing (“FPBR”)
strategics. BP is designed to t encourage balanced utilization {or a degree of utilization skew)
of agents within a skill queuve while nevertheless simultaneously improving overall contact
center performance bevond what FIFO or PBR methods will allow. This is a remarkable
achicvement inasmuch as BP acts on the same ¢alls and same agents as FIFO or PBR methods,
utifizes agents approximately evenly as FIFO provides, and vet improves overall contact center
performance. BP is described i, e g, U8 Patent No. 9,300,802, which is incorporated by
reference herein. Additional information about these and other features regarding the pairing
or matching modules (sometimes also referred to as “SATMAP”, “routing system”, “routing
engine”, etc.) 18 described in, for example, U.S. Patent No. 8,879,715, which 1s incorporated
by reference herein.

A BP strategy may use a one-dimensional ordering of agents and contact types m
conjunction with a diagonal strategy for determinmg preferred pairings. However, this strategy
may restrict or otherwise hunit the type and number of variables that a BP strategy could
optimize, or the amount to which one or more variables could be optimized, given more degraes
of freedom.

In view of the foregoing, it may be understood that there is a need for a system that
enables tmproving the efficiency and performance of pairing strategies that are designed to

choose among multiple possible pairings such as a BP strategy.
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SUMMARY OF THE DISCLOSURE
Techniques for behavioral pairing 1 a contact center system are disclosed. In one
particudar embodiment, the technigues may be realized as a method for behavioral pairing n a

contact center svstem compnsing: determinming, by at least one computer processor

A

communicatively coupled to and configured to operate in the contact center system, a plurality

of agents available for connection to a contact; determining, by the at least one computer

processor, a plurality of preferred contact—agent pairings among possible pairings between the

contact and the phurality of agents; selecting, by the at least one computer processor, one of the

plurality of preferred contact-agent pairings according o a probabilistic model; and cutputiing,

10 by the at least one computer processor, the selected one of the plurality of preferred contact-
agent pairings for connection in the contact center systemn.

In accordance with other aspects of this particular embodiment, the probabilistic model
may be a network flow model for balancing agent utilization, a network flow model for
applying an amount of agent utilization skew, a network flow mode! for optimizing an overall

15 expected value of at least one contact center metric. Also, the at least one contact center metric
may be at least one of revenue generation, customer satisfaction, and average handle time.

In accordance with other aspects of this particular embodiment, the probabilistic model
may be a network flow model constrained by agent skills and contact skill needs. Also, the
network flow model may be adjusted to minimize agent utilization imbalance according to the

20 constramnts of the agent skills and the contact skill needs.

In accordance with other aspects of this particular embodiment, the probabilistic modet
may incorporate expected pavofl values based on an analysis of at least one of historical
contact-agent outcome data and contact attribute data.

In another particular embodiment, the technigues may be realized as a system for

[\
A

behavioral patring in a comfact center system comprising at fcast onc computer processor
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configured to operate 1n the contact center system, wherein the at [east 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 for behavioral pairing in a contact center system comprising a non-{ransitory

L3

processor readable medium and nstructions stored on the mediurn, wherein the instructions
are configured to be readable from the meduem by at least one computer processor configured
to operate n the contact center system and thereby cause the at least one computer processor
to operate to perform the steps 1 the above-discussed method.

The present disclosure will now be described in more detail with reference to particular
10 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

15 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 prescnt disclosure, reference s now made to
the accompanying drawings, in which like clements are referenced with like numerals. These
20 drawings should not be construed as limiting the present disclosure, but are intended to be
iHustrative only.
FIG. 1 shows a block diagram of a contact center according to embodiments of the
present disclosure.

FIG. 2 shows an example of a BP payout matnix according to embodiments of the

[\
A

present disclosure.
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FIG. 3 depicts an example of a naive BP utilization matrix according to embodiments
of the present disclosure.

FIG. 4A shows an example of a BP skill-based payout matrix according to embodiments
of the present disclosure.

FIG. 4B shows an cxample of a BP network flow according to embodiments of the
present disclosure.

FIG. 4C shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 45 shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 4E shows an example of a BP network flow according to embodimaents of the
present disclosure.

FIG. 4F shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 4G shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 5A depicts an example of a BP skili-based pavout matrix according to
embodiments of the present disclosure.

FIG. 5B shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 5C shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 3D shows an example of a BP network flow according to embodiments of the

present disclosure.
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FIG. 5E shows an example of a BP nctwork flow according to embodiments of the
present disclosure.

FIG. 5F shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 5G shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 5H shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 51 shows an example of a BP network flow according to embodiments of the
present disclosure.

FIG. 6 depicts a flow diagram of a BP skill-based payout matnix method according to
embodiments of the present disclosure.

FIG. 7A shows a flow diagram of a BP network flow method according to embodiments
of the present disclosure.

FIG. 7B shows a flow diagram of a BP network flow method according to embodiments
of the present disclosure.

FIG. 8 shows a flow diagram of a BP network tlow method according to embodiments
of the present disclosure.

FIG. 9 shows a flow diagram of a BP network flow method according to embodiments

of the present disclosure.

DETAILED DESCRIPTION
A typical contact center algorithmically assigns contacts arriving at the contact center
to agents available to handle those contacts. At times, the contact center may have agents

available and waiting for assignment to inbound or outbound contacts {e.g., telepbone calls,
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Internet chat scssions, email}. At other times, the contact center may have contacts waiting in
one of more gueues for an agent to become available for assignment,

In some typical contact centers, contacts are assigned to agents ordered based on time
of ammval, and agents receive contacts ordered based on the time when those agents became
available. This strategy may be referred to as a “first-in, first-out”, “FIFO”, or “round-robm”
strategy. In other typical contact centers, other strategics may be used, such as “performance-
based routing”, or a “PBR” strategy.

In other, more advanced contact centers, contacts are paired with agents using a
“behavioral pairing”, or a “BP” strategy, under which contacts and agents may be deliberately
(preferentially) paired 1n a fashion that enables the assignment of subsequent contact-agent
pairs such that when the benefits of all the assignments under a BP strategy are totaled they
may exceed those of FIFO and other strategies such as performance-based routing (“PBR”)
strategics. BP 1s designed to encourage balanced utilization {or a degree of utilization skew) of
agents within a skill quene while nevertheless simultancously improving overall contact center
performance beyond what FIFO or PBR methods will allow. This is a remarkable achievement
because BP acts on the same calls and same agents as FIFO or PBR methods, utilizes agents
approximately evenly as FIFO provides, and vet improves overall contact center performance.
BP is descobed i, e.g., U S, Patent No. 9,300,802, which is mcorporated by reference herein.
Additional information about these and other features regarding the pawring or matching
modules (sometimes also referred to as “SATMAP”, “routing system”, “routing engine”, ¢tc.)
is described m, for example, U.S. Patent No. 8,879,715, which s incorporated by reference
herein.

A BP strategy may use a one-dimensional ordering of agents and contact types in
conjunction with a diagonal strategy for determinmg preferred pairings. However, this strategy

may restrict or otherwise hunit the type and number of variables that a BP strategy could
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optimize, or the amount to which one or more variables could be optimized, given more degrees
of freedom.

In view of the foregoing, it may be understood that there is a need for a system that
enables improving the efficiency and performance of pairing strategies that are designed to
choose among multiple possible pairings such as a BP strategy. Such a svstem may offer myriad
benefits, including, in some embodiments, optimization based on comparative advantages at
runtime; maintenance of uniform or approximately uniform utilization of agents; consolidation
of models across skills 1nto a single coberent model or a smaller mumber of coherent models;
creation of more complex, sophisticated, and capable models; ete. As described in detail below,
the technigues may be multidimensional (e 2., multivariate) in nature, and may use linear
progranwning, quadratic programuming, or other optimization techmiques for deternuining
preferred contact-agent pairings. Examples of these techniques are described in, for example,
Cormen et al | Introduction to Algorithms, 3rd ed., at 70868 and 843897 {Ch. 26 “Maximum
Flow” and Ch. 29 “Linear Programming”} (2009}, and Nocedal and Wnght, Numerical
Opftimization, at 448-96 (2006}, which are hereby incorporated by reference herein.

FIG. 1 shows a block diagram of a contact center system 100 according to embodiments
of the present disclosure. The description herein descnibes network elements, computers, and/or
components of a system and method for simulating contact center systems that may include
onge 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 processor readable recordable storage medium (7.e., modules are not software
per se). It is noted that the modules are exemplary. The modules may be combined, integrated,
separated, and/or duplicated to support various applications. Also, a tunction described herein

as being performed at a particular module may be performed at one or more other modules
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and/or by one or more other devices nstead 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 1o another device, and/or may be included in both devices.

As shown in FIG. 1, the contact center system 100 may include a central switch 110,
The central switch 110 may receive incoming contacts {e.g., callers) or sapport outbound
connections to contacts via a telecommunications network (not shown). The central switch 110
may include contact routing hardware and software for helping to route contacts among one or
morg contact centers, of 1o one or more PBX/ACDs or other queuing or switching components,
mclading other Internet-based, cloud-based, or otherwise networked contact-agent hardware
ot softwarc-based contact center solutions.

The central switch 110 may not be necessary such as if there is only one contact center,
or if there is only one PBX/ACD routing component, in the contact center aystem 100, If more
than one contact conter 1s part of the contact center system 100, each contact center may include
at lcast one contact conter switch {e.g., contact center switches 120A and 120B). The contact
center switches 120A and 120B may be communicatively coupled to the central switch 110. In
embodiments, various topologies of routing and network components may be configured to
implement the contact center svstem.

Each contact center switch for each contact center may be communicatively coupled to
a phurality {or “pool”} of agents. Each contact center switch may support a certain nomber of
agents {or “seats”) to be logged in at one time. At any given time, a logged~m agent may be
available and waiting o be connected to a contact, or the logged-in agent may be unavailable
for any of a number of reasons, such as being connected to ancther contact, performing certain

post-call functions such as logging information about the call, or taking a break.
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In the example of FIG. 1, the central switch 110 routes contacts to one of two contact
centers via contact center switch 120A and contact center swiich 120B, respectively. Each of
the contact center switches 120A and 120B are shown with two agents each. Agents 130A and

130B may be logged mto contact center switch 120A, and agents 130C and 130D mayv be

L3

logged into contact center switch 1208,
The contact center systemn 100 may also be communicatively coupled to an integrated

service from, for example,

B

a third party vendor. In the example of FIG. 1, BP module 140 may
be communicatively coupled to one or more switches in the switch system of the contact conter
system 100, such as central switch 110, contact center switch 120A, or contact center switch

10 120B. In some embodiments, switches of the contact center system 100 may be
cormmunicatively coupled to multiple BP modules. fn some embodiments, BP module 140 may
be embedded within a component of a contact center system {e.g., embedded in or otherwise
mtegrated with a switch, or a “BP switch™). The BP module 140 may receive information from
a switch (e.g., contact center swiich 120A) about agents logged mnto the swiich {(e.g., agents

15 130A and 130B) and about mcoming contacts via another switch {(e.g., central switch 110) or,
i some embodiments, from a network {e.g., the Intemet or a telecommunications network}
{not shown}.

A contact center may include nwltiple pairing modules (e.g., a2 BP module and a FIFO
module) (not shown), and one or more pairing modules may be provided by one or more

20 different vendors. In some embodiments, one or more pairing modules may be components of
BP module 140 or one or more switches such as central switch 110 or contact center switches
120A and 120B. In some embodiments, a BP module may determine which pairing module
may handle pairing for a particular contact. For example, the BP module may alternate between

enabling pairing via the BP module and enabling pairing with the FIFO module. In other

[\
A

embodiments, one pairing module {e.g . the BP module) may be configured to emulate other

10
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pairing strategies. For example, a BP module, or a BP component integrated with BP
components in the BP module, may determine whether the BP module may use BP pairing or
emulated FIFO pairing for a particular contact. In this case, “BP on” may refer to times when
the BP module is applyving the BP paining strategy, and “BP off” may refer to other times when
the BP module is applying a differcnt pairing strategy {e.g., FIFO}.

In some embodiments, regardless of whether pairing strategies are handled by separate
modules, or it some pairing strategies are emulated within a single pairing module, the single
patring module may be configured to monitor and store information about pairings made under
any or all pairing strategies. For example, a BP module may observe and record data about
FIFQ pairings made by a FIFO module, or the BP module may observe and record data about
cmulated FIFO pairings made by a BP module operating in FIFO emulation mode.

FIG. 2 shows an example of a BP payout matrix 200 according to embodiments of the
present disclosure. In this simphified, hypothetical computer-generated model of a contact
center system, there are three agents (Agents 201, 202, and 203), and there are three contact
types {Contact Types 211, 212, and 213}, Each cell of the matnix indicates the “payont,” or the
expected outcome or expected vabue of a contact-agent interaction between a particular agent
and a contact of the indicated contact type. In real-world contact center systems, there could be
dozens of agents, hundreds of agents, or more, and there could be dozens of contact types,
hundreds of contact types, or more.

In BP payout matrix 200, the payout for an interaction between Agent 201 and a contact
of Contact Type 211 18 .30, or 30%. The other pavouts for Agent 201 are .28 tor Contact Type
212 and .15 for Contact Type 213. The pavouis for Agent 202 are 30 for Contact Type 211, .24
for Contact Type 212, and .10 for Contact Type 213, The pavouts for Agent 203 are 23 for

Contact Type 211, .20 for Contact Type 212, and .09 for Contact Type 213,

11
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A payout could represent the expected value for any of a variety of different metrics or
optimized vanables. Examples of optimized variables mclude conversion rates on sales,
customer retention rates, customer satisfaction rates, average handle time measurements, etc.,

or combinations of two or more metrics. For example, if BP payout mainx 200 models a

L3

retention queuc in a contact center system, cach payout may represent the likelihood that an
agent will “save” or retain a customer of a particular contact type, e.g., there 1s a .30 (or 30%)
chance that Agent 201 will save a contact determined to be of Contact Tvpe 211,

In some embodiments, the BP pavout matrix 200 or other similar computer-generated
model of the contact center system may be generated using histoncal contact-agent mteraction
10 data. Forexample, they BP payout matrix 200 may meorporate arolling window several weeks,

several months, several vears, etc. of historical data to predict or otherwise estimate the payouts
for a given imieraction between an agent and a contact type. As agent workforces change, the
model may be updated to reflect the changes to the agent workforee, mchuding hiring new
agents, letting existing agents go, or training existing agents on new skilis. Contact types may
15 be gencrated based on information about expected contacts and existing customers, such as
customer relationship management {CRM) data, customer attribute data, third-party consumer
data, contact cenier data, etc., which may include various types of data such as demographic
and psvchographic data, and behavioral data such as past purchases or other historical customer
mformation. The BP payout matrix 200 may be updated in real time or periodically, such as
20 hourly, nightly, weekly, etc. to incorporate new contact-agent mteraction data as it becomes
available.

FIG. 3 depicts an cxample of a naive BP utilization matnx 300 according to

embodiments of the present disclosure. As for the BP pavout matrix 200 (FIG. 2}, this

simpiified, hyvpotheuical computer-generated model of a contact center system, there are three

[\
A

agents (Agents 201, 202, and 203), and there arc three contact tvpes (Contact Types 211, 212,

12
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and 213). In real-world contact center systems, there could be dozens of agents, hundreds of
agents, or more, and there could be dozens of contact types, hundreds of contact types, or more,

Under a BP strategy, agents are preferentially paired with contacts of particular contact
types according to the computer-generated BP models. In an L1 envivonment, the contact quene
is cmpty, and multiple agents arc available, idle, or otherwise ready and waiting for connection
to a contact. For example, i a chat context, an agent may have a capacity to chat with multiple
contacts concurrently. In these environments, an agent may be ready for connection to one or
more additional contacts while multitasking 10 one or more other channels such as cmail and
chat concurrently.

In some embodiments, when a contact arrtves at the quene or other component of the
comntact center svstem, the BP strategy analvzes information about the comtact to determine the
contact’s type {(e.g., a contact of Contact Type 211, 212, or 213). The BP strategy determines
which agents are available for connection to the contact and selects, recommends, or otherwise
outputs a pairing instruction for the most preferred available agent.

In an L.2 cnvironment, multiple contacts arc waiting in queue for connection to an agent,
and none of the agents is available, free, or otherwise ready for connection to a contact. The
BP strategy analvzes information about cach contact to determine cach contact’s type {e.g., one
ot comtacts of Contact Types 211, 212, or 213). In some embodiments, when an agent becomes
available, the BP strategy determines which contacts are available for connection to the agent
and selects, recommends, or otherwise outputs a pairing mstruction for the most preferred
available contact.

As shown in the header row of the naive BP utilization matrix 300, cach agent has an
expected availability or a target utilization. In this example, the BP strategy is targeting a
balanced agent utilization of 1/3 (%337} for cach of the three Agents 201, 202, and 203. Thus,

over time, cach agent is cxpected to be utilized equally. or approximately equally. This

13
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configuration of BP is similar to FIFO insofar as both BP and FIFO target an unbiased, or
balanced, agent utilization.

This configuration of BP is disstmilar to performance-based routing (PBR) insofar as
PBR targets a skewed, or unbalanced, agent utilization, intentionally assigning a
disproportionate  number of contacts to relatively  higher-performing  agents.  Other
configurations of BP may be simular to PBR msofar as other BP configurations may also target
a skewed agent utilization. Additional information about these and other features regarding
skewing agent or contact utilization {(e.g., “kappa” and “rho” functionality) is described in, for
example, U.8. Patent Application Nos. 14/956,086 and 14/956,074, which arc hereby
mcorporated by reference herein.

As shown in the header column of the naive BP utidization matrix 300, cach contact
type has an expected availabifity (e.g., frequency of arrival) or a target utilization. In this
example, contacts of Contact Type 211 are expected to armve 50% (¢ .507) of the time, contacts
of Contact Type 212 are expecied to arrive 30% (©.307) of the time, and contacts ot type Contact
Type 212 are expected to arnive the remaining 20% (&.207) of the time.

Each cell of the matrix indicates the target vtihization, or expected frequency, of a
contact—agent interaction between a particular agent and a contact of the indicated contact type.
In the example of naive BP utilization matrix 300, agents are expected to be assigned cqually
to cach contact type according to cach contact type’s frequency. Contacts of Contact Type 211
are expected to arrive in the queue 50% of the time, with approximately one-third of these
contacts assigned to each of Agents 201, 202, and 203, Overall, contact—agent inferactions
between Contact Type 211 and Agent 201 are expected to ocour approximately 16% (167} of
the time, between Contact Type 211 and Agent 202 approximately 16% of the time, and
between Contact Type 211 and Agent 203 approximately 16% of the time. Similarly,

interactions between contacts of Contact Type 212 (30% frequency) and cach of the Agents

14
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201-203 are expected to occur approximately 10% (.017) of the time ecach, and interactions
between contacts of Contact Type 213 (20% frequency) and cach of the Agents 201-203 are
expected to occur approxamately 7% (.077) of the time.

The naive BP vtilization matox 300 also represents approximately the same distribution
of comtact—agent intcractions that would arise under a FIFO painng strategy, under which each
contact—-agent mteraction would be equally likely (normalized for the frequency of each contact
tvpe}. Under naive BP and FIFO, the targeted (and expected) utilization of each agent is equal:
one-third of the contact—agent interactions to each of the three Agents 201-203.

Taken together, the BP payout matrix 200 {FIG. 2} and the naive BP utilization matrix
300 enable determuning an expected overall performance of the contact center system, by
corputing an average payout weighted according to the frequency distribution of cach contact—
agent interaction shown in the naive BP utilization matrix 300: (30+30+ 25} 50 1/3) +
{28+ 24+ 203 3031/3) + 15+ 10+ 09 200(1/3) =~ 0.24. Thus, the expected performance of
the contact center system under naive BP or FIFQ 1s approximately 0.24 or 24%. If the payouts
represent, for example, retention rates, the expected overall performance would be a 24% save
rate.

FIGS. 4A—-4G show an example of a more sophusticated BP payvout matrix and network
flow. In this simplificd, hypothetical contact center, agents or contact types may have differont
combinations of one or more skills (7.e.. skill sets), and lincar programming-based network
flow optimization technigues may be applied to increase overall contact center performance
while maintaining a balanced utilization across agents and confacts.

FIG. 4A chows an example of a BP skili-based pavout matrix 400A according to
embodiments of the present disclosure. The hypothetical contact center system represented
BP skill-based pavout matrix 4004 is similar to the contact center system represented i BP

pavout matrix 200 (FIG. 2} insofar as there are three agents {Agents 401, 402, and 403) having
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an expected availability/utilization of approximately one-third or .33 cach, and there are three
contact types (Contact Types 411, 412, and 413) having an expected frequency/utilization of
approximately 25% {15+ .10}, 45% ( 15+.30), and 30% {20+ .10), respectively.

However, m the present example, each agent has been assigned, tramned, or otherwise
made available to a particular skill {or, in other example contact conter systems, sets of nmltiple
skills}. Examples of skills include broad skills such as technical support, billing support, sales,
retention, etc.; language skills such as English, Spanish, French, eic.; narrower skills such as
“Level 2 Advanced Technical Support,” technical support for Apple Phone users, technical
support for Google Android users, etc.; and any varigty of other skills.

Agent 401 1s available for contacts requiring at least Skill 421, Agent 402 1s available
for contacts requining at least Skill 422, and Agent 403 is gvailable for contacts requiring at
least Skill 423,

Also i the present example, contacts of cach type may arrive requiring ong or more of
Skills 421-423. For example, a caller to a call center may interact with an Interactive Voice
Response (IVR) svstem, touch-tone menu. or live operator to determine which skills the
particular caller/contact requires for the upcoming mteraction. Ancther way to consider a
“skill” of a contact type is a particular need the contact has, such as buying something from an
agent with a sales skill, or troubleshooting a technical issue with an agent having a technical
support skall,

In the present example, 15 or 15% of contacts are expected to be of Contact Type 411
and require Skill 421 or Skall 422; .15 or 15% of contacts are expected 1o be of Contact Type
412 and require Skill 421 or 422; 20 or 20% of contacts are expected to be of Contact Type
413 and require Skill 421 or 422; 10 or 10% of contacts are expected to be of Contact Type

411 and require Skill 422 or Skill 423; 30 or 30% of contacts are expected to be of Contact
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Tvpe 412 and require Skill 422 or Skl 423; .10 or 10% of contacts are expected to be of
Contact Type 413 and require Skill 422 or Skall 423,

In some embodiments, Agents may be required to have the union of all skills determined
to be required by a particular contact {e.g., Spanish language skill and 1Phone technical support
skill}. In some embodiments, some skills may be preferred but not required (7.e., if no agents
having the skill for iPhone technical support are available immediately or within a threshold
amount of fime, a contact may be paired with an available Android technical support agent
mstead).

Each cell of the matrix indicates the pavout of a contact-agent interaction between a
particudar agent with a particular skill or skill set and a contact with a particular type and need
{(skill} or set of needs (skill set}. In the present example, Agent 401, which has Skill 421, may
be paired with contacts of any Contact Type 411, 412 or 413 when they require at keast Skill
421 (with payouts .30, 28, and .15, respectively). Agent 402, which has Skidl 422, may be
paired with contacts of any Contact Type 411, 412, or 413 when they require at least Skill 422
(with payouts 30, 24, .10, 30, 24, and .10, respectivelv}. Agent 403, which has Skill 423,
may be paired with contacts of any Congact Type 411, 412, or 413 when they require at least
skiil 423 (with pavouts .25, .20, and 09, respectively).

Empty cclls represent combinations of contacts and agents that would not be paired
voder this BP pairing strategy. For example, Agent 401, which has Skill 421, would not be
patred with contacts that do not require at least Skill 421, In the present example, the 18-cell
pavout matnx includes 6 empty cells, and the 12 nov-empty cells represent 12 possible
patrings.

FIG. 4B shows an example of a BP network flow 400B according to embodiments of
the present disclosure. BP network flow 400B shows Agents 401-403 as “sources” on the left

side of the network {or graph) and Contact Tvpes 411-413 for cach skill set as “sinks” on the
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right side of the network. Each edge in BP network flow 400B represents a possible pairing
between an agent and 3 contact having a particelar type and set of needs (skills). For example,
edge 401 A represents a contact-agent interaction between Agent 401 and contacts of Contact
Type 411 requirmg Skill 421 or Skall 422, Edges 4018, 401C, 402A-F, and 403 A-C represent
the other possible contact-agent pairings for their respective agents and contact types/skills as
shown.

FIG. 4C shows an example of a BP network flow 400C according to embodiments of
the present disclosure. BP network flow 400C is a network/graph representation of BP payout
matrix 400A (FIG. 4A). BP network flow 400C is identical to BP network flow 400B (FIG.
4B) except, for clarity, the identifiers for cach edge are not shown, and instead 1t shows the
payout for cach edze, ez, 30 on edge 401A, 28 on edge 4018, and .15 on edge 401C for
Agent 401, and the corresponding pavouts for each edge for Agents 402 and 403.

FIG. 4P shows an example of a BP network flow 400D according to embodiments of
the present disclosure. BP network flow 400D 15 identical to BP network flow 400C (FIG. 4C)
except, for clarity, the skills for cach agent 401-403 are not shown, and instead it shows the
relative “supplics” provided by ¢ach agent and “demands” required by cach contact type/skill
combination. Each agent provides a “supply” equivalent to the expected availability or target
utilization of cach agent (one-third cach, for a total supply of 1 or 100%;). Each countact
type/skill demands an amount of agent supply equivalent o the expected frequency or target
atilization of each contact type/skill { 15, 15, 20, 10, 30, 10, respectively, for a total demand
of 1 or 100%). In this example, the total supply and demand are normalized or otherwise
configured to equal one ancther, and the capacity or bandwidth along cach edge is considered
mfinite or otherwise snlimited (i.e., an edge may deseribe “who can be pawed with whom,” not
“how much,” or “how many times”}. In other embodiments, there may be a supplv/demand

imbalance, or there may be quotas or otherwise limited capacitics set for some or all edges.
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FIG. 4E shows an example of a BP network flow 400E according to embodiments of
the present disclosure. BP network How 400 is identical to BP network flow 400D (FIG. 4D)
except, for case of representation, the supplies and demands have been scaled by a factor of

3000. In doing so, the supply for cach agent is shown to be 1000 instead of one-third, and the

L3

total supply is shown to be 3000, Similarly, the relative demands for each contact type/skill set
has been scaled and total 3000 as well. In some embodiments, no scaling occurs. In other
embodiments, the amount of scaling may vary and be greater or smaller than 3000,

FIG. 4F shows an example of a BP network flow 400F according to embodiments of
the present disclosure. BP network flow 400F 15 identical to BP network flow 4CG0E (FIG. 4E)
160 except, for clarity, the payouts along each edge are not shown, and nstead it shows one solution

for the BP network flow 400F. In some embodiments, a “maximum flow” or “max flow”
algorithm, or other hinear programming algorithm, may be applied to the BP network flow 400F
to determine one or more solutions for optimizing the “flow” or “allocation” of the supplies
{sources) to satisty the demands {(sinks), which may balance utilization of agents and contacts.
15 In some embodiments, the objective may also be to maximize the overall expected
value for the metric or metrics to be optimized. For example, in a sales queue, the metric to
optimize may be conversion rate, and the max flow objective is to maximize the overall
cxpected conversion rate. o environments where multiple max flow solutions are available,
one technigue for selecting a solution may be to select the “maximun cost” or “max cost”
20 sohution, 7.e., the solation that results in the highest overall payotfs under max flow,

In this example, Agents 401-403 represent the sources, and Contact Types 411-413
with various skill set combinations represent the sinks. In some contact cenifer environments,
such as an L2 (contact surplus) environment, the network flow may be reversed, so that contacts

waiting in gueue are the sources providing supplics, and the possible agents that may become

[\
A

available arc the sinks providing demands.
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BP network flow 400F shows an optimal flow solution determined by a BP module or
similar component. According to this solution, of which there could be several to choose
among, of to be selected at random, edge 401 A (from Agent 401 to Contact Type 411 with
Skills 421 and 422} has an optimal flow of (; edge 401B (from Agent 401 to Contact Type 412
with Skills 421 and 422) has an optimal flow of 400; and edge 401C (from Agent 401 to Contact
Type 413 with Skills 421 and 422} has an optimal flow of 600. Simularly, the optimal flows for
cdges 402A-F for Agent 402 are 430, 30, 0, 300, 200, and 0, respectively; and the optimal
flows for edges 403A-C for Agent 403 are 0, 700, and 300, respectively. As explamed m detail
below, this optimal flow solution describes the relative proportion of contact-agent interactions
{or the relative likelihoods of selecting particular contact-agent mteractions) that will achieve
the target utilization of agents and contacts while also maximizing the expected overall
performance of the contact center system according to the payouts for each pair of agent and
contact type/skill set.

FIG. 4G shows an example of a BP network flow 400G according to embodiments of
the present disclosure. BP network flow 400G 1s identical to BP network flow 400F (FI1G . 4F)
except, for clarity, edges for which the optimal flow sclution was determined to be € have been
removed. Under a BP strategy, an agent will not be preferably paired with a contact type for
which the optimal flow solution was determuned to be 0, despite having complementary skills
and a nonzero payout.

In this example, edges 401A | 402C, 402F, and 403A have been removed. The remaining
edges represent preferred pairmgs. Thus, in an L1 {agent surplus) environment, when a contact
arrives, it may be preferably paired with one of the agents for which their is a preferred pairing
available. For example, a contact of Contact Type 411 with Skills 421 and 422 mayv always be
preferably paived with Agent 402, demanding 450 units of Agent 402°s total supply

{availability}. For another example, a contact of Contact Type 412 with Skills 421 and 422 may
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be preferably paired with Agent 401 some of the time and with Agent 402 some of the time.
This contact has a total demand of 450 (based on the expected frequency that this type of
contact/skill will arrive}, and it demands 400 units of supply from Agent 401, and the remaining
50 units of supply from Agent 402

In some embodiments, when this contact of tvpe/skill arrives, the BP moduie or similar
component may select either Agent 401 or 402 according to the relative demands (400 and 50}
made of cach agent. For example, a pseudorandom number generator may be used to select
Agent 401 or 402 randomly, with the random sclection weighted according to the relative
demands. Thus, for each contact of this type/skill, there 15 2 400/450 (=89%) chance of selecting
Agent 401 as the preferred pairing, and 50/450 (=11%) chance of selecting Agent 402 as the
preferred patring. Over time, as many contacts of this type/skill bave been paired using the BP
strategy, approximately 89% of them may have been preferably paired to Agent 401, and the
remaining 11% of them may have been preferably paired to Agent 402, In some embodiments,
an agent’s overall target utilization, or target utilization per contact type/skill, may be the
agent’s “bandwidth” for receiving a proportional percentage of contacts.

For this BP network flow 400G with this sclution, the total supply from all of the agents
is expected to meet the total demand trom all of the contacts. Thus, the target utilization Chere,
a balanced utilization) of all agents mav be achicved, while also achieving a higher expected
overall performance i the contact center system according to the payouts and the relative
allocations of agents to contacts along the edges with those payouts.

FIGS. SA-1 show an example of another BP pavout matrix and network flow. For some
configurations of agents and contact types with various combinations of skills, it is possible
that the optimal or max flow for a given BP network flow may not completely balance supply
and demand. The present example is sinular to the example of FIGS. 4A-4G, except this

configuration of agents and contact types intiallv leads to an imbalanced supply and demand.
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In this simplified, hypothetical contact center, quadratic programming-based technigues for
adjusting target utilization may be applied in conjunction with lincar programming-based
network flow optimization techniques to increase overall contact center performance while
maintainmg an ophimally skewed utilization across agents and contacts to accommodate the
imbalanced configuration of agents and contact tvpes.

FIG. 5A depicts an example of a BP skill-based pavout matrix 500A according to
embodiments of the present disclosure. The hypothetical contact center svstem represented in
BP skill-based payout matrix 500A is sumilar to the contact center system represented i BP
skill-based payout matrix 400A (FIG. 4} insofar as there are three agents {Agents 501, 502, and
503) having an inifial expected avalability/utilization of approximately one-third or 33 cach.
There are two contact types (Comtact Types 511 and 512) having an expected
frequency/utilization of approximately 40% ( 30+.10) and 60% {.30+.30), respectively.

In the present example, Agent 301 has been assigned, trained, or otherwise made

available to Skills 521 and 322, and Agents 302 and 303 to Skill 522 only. For example, if Skill

%

521 represented a French language skill, and Skill 522 represented a German language skill,
Agent 501 could be assigned to contacts requiring either French or German, whereas Agents
502 and 503 could be assigned only to contacts requiring German and not to contacts requiting
French.

In the present example, 30 or 30% of contacts are expected to be of Contact Type 511
and requure Skill 521; 30 or 30% of contacts are expected to be of Contact Type 512 and require
Skiil 321; .10 or 10% of contacts are expected to be of Contact Tvpe 511 and require Skall 522;
and .30 or 30% of contacts are expected to be of Contact Type 312 and require Skill 522,

In the present example, Agent 501 may be paired with any contact (with payouts .30,
28, .30, and .28, as shown n BP skill-based pavout matrix S00A). Agents 502 and 303, which

have Skill 522 only, may be paired with contacts of either Contact Type 511 and 512 when they
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require at least Skill 522 (with pavouts .30, .24, 25, and .20, as shown in BP skili-based payout
matrix 500A}. As indicated by the empty cells in BP skill-based pavout matrix 5004, Agents
502 and 503 would not be paired with contacts requiring only Skill 521, The 12-cell pavout
matrix includes 4 empty cells, and the 8 non-empty cells represent 8 possible pairings.

FIG. 5B shows an example of a BP network flow 500B according to ermbodiments of
the present disclosare. Similar to BP network flow 400B (FIG. 4B), BP network flow 500B
shows Agents 501-503 as sources on the left side of the network and Contact Tvpes 512 and
5123 for cach skill set as simks on the right side of the network. Each edge in BP network flow
500B represents a possible pairing between an agent and a contact having a particular type and
set of needs (skills). Edges 501A-D, 502A--B, and 503A-B represent the possible contact-
agent pairings for their respective agents and contact types/skills as shown.

FIG. 5C shows an exampie of a BP network flow 500C according to embodiments of
the present disclosure. BP network flow 500C 13 a network representation of BP payout matrix
500A (FIG. 3A). For clarity, the identifiers for each edge are not shown, and instead it shows
the payout for cach edge, e.g., .30 on edges 501 A and 501D, and .28 on cdges 5018 and 301C,
and the corresponding payouts for each edge for Agents 502 and 303,

FIG. 5D shows an example of a BP network flow 500D according to embodiments of
the present disclosure. BP network flow 500D shows the relative inirial supplics provided by
cach agent and demands required by cach contact type/skill combination. The total supply of 1
cquals the total demand of 1.

FIG. 5E shows an example of a BP network flow S00E according to embodiments of
the present disclosure. For ease of representation, the supplies and demands have been scaled
by a factor of 3000, and a max flow solution for the nitial supplies 1s shown for cach edge.
According to this solution, edge 501A {(from Agent 301 to Contact Type 511 with Skill 321)

has an optimal flow of 900; edge 501B (from Agent 501 to Contact Type 512 with Skill 521)
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has an optunal flow of 100; and cdges 501C and 501D have optimal flows of 0. Similarly, the
optimal flows for Agent 502 are 300 and 700, respectively; and the optimal flows for Agent
503 are 0 and 200, respectively.

According to this solution, Agent 503 may be substantially underutilized relative to
Agents 501 and 502 Whercas Agents 501 and 302 arc optimized for their full supplies of 1000
units each, Agent 503 is only expected to use 200 units, or one-fifth of Agent 50375 supply. In
a contact center environment, Agent 503 may be assigned to fewer contacts and spend more
ume idle relative to Agents 501 and 502, or agents may be assigned non-preferred contacts,
resulting 10 a lower contact center performance than the performance predicted by the max
flow solution.

Similarly, according to this solution, contacts of Contact Type 512 requiring Skill 521
may be substantially underutilized {or “onderserved™) relative to the other contact type/skill
combinations. Whereas the other contact tvpe/skill combinations are optimized for their full
demands of 900, 300, and 900 umts, respectively, Contact Type 312 requining Skill 521 1s only
expected to receive 100 units, or one-ninth of this contact tvpe/skill’s demand. In a contact
center environment, this undenutilized contact type/skill combination may experience longer
wait times relative to other contact type/skill combinations, or contacts may be assigned to non-
preforred agents, resulting in a lower contact conter performance than the performance
predicted by the max flow sclution.

The solution shown in BP network flow 500E still balances total supply and demand,
but Agent 303 may be selected much less frequently than its peers, and/or some contacts may
need to wait much longer for a preferred agent, and/or the overall contact center performance

may not achieve the overall pavout expected by the max flow solution.

24



A

io

WO 2018/197943 PCT/IB2018/000443

FIGS. 5F and 5G show a technigque of some embodiments for adjusting relative agent
supplies to mprove the balance of agent and contact utilization in a contact center system
where the max flow solution is unbalanced, as in BP network flow SO0E (FIG. 3E).

FIG. 5F shows an example of a BP network flow 300F according to embodiments of
the present disclosure. In BP network tlow 500F, agents shanng the same skill sets have been
“collapsed” info a single network node. In this example, Agent 502 and Agent 503 have been
combined mto a smgle node for Skall 322 with a combined total supply of 2000.

Similarly, contact types sharing the same skill sets have been collapsed o single
network nodes. In this example, Contact Types 511 and 512 requiring Skill 521 have been
combined o a single node for 5kill 521 with a combined total demand of 1800, and Contact
Types 511 and 512 requiring Skill 522 have been combined into a single node for Skill 522
with a combined total demand of 1200,

Furthermore, the edges have been collapsed. For example, the four edges emanating
from Agents 502 and 503 (edges 502A, 3028, 503A, and 5038 as labeled m FIG. 5B) have
heen collapsed into a single edge emanating from the “super node™ for agents baving Skill 522
to the super node”™ for contact types requiring Skill 522

At this pomt, m some embodiments, a quadratic programmung algorithm or similar
technique may be applied to the collapsed network to adjust the relative supplics of the agents.

FIG. 5G shows an example of a BP network flow 300G according to embodiments of
the present disclosure. BP network flow 300G shows the adjusted agent supplies according to
a solution to a quadratic programmung algorthm or ssmilar technigue. In this example, the
supply for the agent super node for Skills 521 and 522 has been adjusted from 1000 1 BP
network flow 300F (FIG. 5F) to 1800, and the supply for the agent saper node for Skall 522

has been adjusted from 2000 in BP network flow SO0F to 1200,
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The total supply may remam the same {e.g., 3000 in this example), but the relative
supplies for agents of various skill sets has been adjusted. In some embodiments, the total
supply for a single saper node may be distributed evenly among the agents within the super
node. In this example, the 1200 units of supply for the agent super node for Skilf 522 has been
divided evenly among the agents, allocating 600 units to each of Agents 502 and 503,

FIG. 5H shows an example of a BP network flow 300H according to embodiments of
the present disclosure. BF network flow 500H shows a max flow solution computed using the
adjusted supplics shown in BP network flow 500G (FIG. 5G). Agent 301 has an adjusted supply
of 1800, Agent 302 has an adjusted supply of 600, and Agent 503 has an adjusted supply of
600. According to this solution, edge 5G1A (from Agent 501 to Contact Type 511 with Skill
521} still has an optimal flow of 900; edge 5018 (from Agent 501 to Contact Type 512 with
Skill 321) now has an optimal flow of 900; and edges 501C and 501D still have optimal flows
of 0. Similarly, the optimal flows for Agent 502 are now 300 and 300 each; and the optimal
flows for Agent 503 are now 0 and 600, respectively.

FIG. 51 shows an cxample ot a BP network flow 5001 according to embodiments of the
present disclosure. BP network flow 5001 is identical to BP network flow S00H except, for
clanty, edges for which the optimal flow solution was determined to be 0 have been removed.
In this example, edges 501C, 501D, and 503 A have been removed.

Using the sclution shown in BP setwork flows 300H and S00L, now ali contact
tvpe/skill combinations may be fully utilized (fully served}.

Additionally, overall agent utilization may become more balanced. Under BP network
flow S00E (FIG. 5E), Agent 503 may have only been utilized one-fifth as much as Agents 501
and 502, Thus, Agents 501 and 502 would have been assigned approxamately 45% of the
contacts cach, while Agent 503 would have been assigned only the remaining approximately

10% ot the contacts. Under BP network flow 500H, Agent 501 may be assigned approxumately
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60% of the contacts, and Agends 502 and 303 may be assigned approximately 20% cach of the
remaining contacts. In this example, the busiest agent (Agent 501} would only receive three
times as many contacts as the feast busy agents (Agents 502 and 503}, instead of recetving five
times as many contacts.

FIG. 6 depicts a flow diagram of a BP skill-based payout matrix method 600 according
to embodiments of the present disclosure. BP skill-based payout matrix method 600 may begin
at block 610,

At block 610, historical contact-agent outcome data mav be analyzed. In some
embodiments, a rolling window of historical contact-agent cutcome data may be analyzed,
such as a one-week, one-month, ninety-day, or one-vear window. Historical contact-agent
outcome data may include information about individual micractions between a contact and an
agent, including identifiers of which agent communicated with which contact, when the
communication took place, the duration of the communication, and the outcome of the
communication. For example, in a telesales call center, the outcome may indicate whether a
sale occurred or the dollar amount of a sale, if any. In a customer retention gueue, the outcome
may indicate whether a customer was retained {or “saved”} or the dollar value of any incentive
offered to retain the customer. In a customer service queue, the outcome may indicate whether
the customer’s needs were met or problems were solved, or a score {e.g., Net Promoter Score
or NPS} or other rating representative of the customer’s satisfaction with the contact-agent
mteraction. After—or in parallel with-—analyzing historical contact-agent cutcome data, BP
skill-based pavout matrix method 600 may proceed to block 620,

Atblock 620, contact attribute data may be analyzed. Contact attnbute data may include
data stored in one or more customer relationship management (CRM) databases. For example,
a wireless telecommunication provider’s CRM database may include mformation about the

tvpe of cellphone a customer uses, the type of contract the customer signed up for, the duration
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of the customer’s contract, the monthly price of the customer’s contract, and the tenure of the
customer s relationship with the company. For ancther example, a bank’s CRM database may
mclude mformation about the type and number of accounts held by the customer, the average
monthly balance of the customer’s accounts, and the tenure of the customer’s relationship with

the company. In some embodiments, contact attribute data mav also include third party data

analyzing contact attribute data, BP skili-based pavout matrix method 600 may proceed to
block 630.

At block 630, skill groups may be determined for each agent and each contact type.
Examples of skalls melude broad skills such as techmical support, billing support, sales,
retention, ¢tc.; language skills such as English, Spanish, French, etc.; narrower skilis such as
“Level 2 Advanced Technical Support,” technical support for Apple 1Phone users, technical
support for Google Android users, ¢tc.; and any variety of other skidls. In some embodiments,
there may not be any distinctive skills, or only one skill may be identificd across all of the
agents or all of the contact types. In thesc embodiments, there may be only a single “skall
group.”

In some embodiments, a given contact type may require ditferent skill sets at ditferent
times. For example, during a first call to a call center, a contact of one type might have a
technical question and require an agent with a technical support skill, but during a second call,
the same contact of the same type might have a billing question and require an agent with a
customer support skill. In these embodiments, the same contact type may be meluded more
than once according to cach comtact type/skill combination. After skill groups have been
determined, BP skill-based payout matrix method 600 may proceed to block 640.

At block 640, a target utilization may be determined for each agent, and an expected

ratc may be determined for cach contact type (o1 contact type/skill combinations). In some L1
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environments, a balanced agent utidization may be targeted, such that cach agent is expected to
be assigned an approximately equal number of contacts over time. For example, if a contact
center environment has four agents, each agent may have a target utilization of 1/4 (or 25%).

As another example, if a contact center environment has # agents, each agent may have a target

L3

utilization of 1/#7 {or the equivalent percentage of contacts).

Similarly, expecied rates for each contact type/skill may be determined based, for
example, on the actual rates observed in the historical contact—agent ouicome data analvzed at
block 610. After target utilization and expected rates bave been determined, BP skill-based
payout matrix method 600 may proceed to block 6350,

10 At block 650, a payout matrix with expected pavouts for cach feasible contact-agent
pairing may be determined. In some erobodiments, a contact—agent pairing may be feasible if
an agent and contact type have at least one skill in common. In other embodiments, a contact-
agent pairing may be feasible if an agent has at least all of the skills required by the contact
tvpe. In vet other embodiments, other heunistics for feasibility may be used.

15 An example of a payout matrix is BP skill-based pavout matrix 400A, described in
detail above with reference to FIG. 4A. BP skill-based pavout matrix 400A mcludes a set of
agents with associated skills and target utilizations, a set of contact types {combined with
various skill sets) with expected frequencics determined based on historical contact-agent
outcome data and/or contact attribute data. and a set of non-zero expected pavouts for each

20 feasible contact-agent pairing. After the payout matrix has been determined, BP skill-based

pavout matrix method 600 may proceed to block 660,

At block 660 a computer processor-generated model according to the pavout matrix
may be outputted. For example, a computer processor embedded within or commuonicatively

coupled to the contact center system or a component therein such as a BP module may output

[\
A

the pavout matrix model to be received by another component of the computer processor or the
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contact center system. In some embodiments, the pavout matax model may be logged, punted,
displayed, transmitted, or otherwise stored for other components or human administrators of
the contact center system. After the payout matrix model has been outputted, BP skill-based
pavout matrix method 600 may end.

FIG. 7A shows a flow diagram of a BP network flow method 700A according to
embodiments of the present disclosure. BP network flow method 700A may begin at block 710.

At block 710, a BP pavout matrix may be determined. In some embodiments, the BP
pavout matrix may be determined using BP pavout matrix method 600 or similar methods. In
other embodiments, the BP payouot matrix may be received from another component or module,
After the BP payout matrix has been determined, BP network flow method 700A may proceed
to block 720.

At block 720, a target utilization may be deternuned for cach agent and expected rates
may be determined for each contact type. In other embodiments, the pavout matnix determimed
at block 710 mav mcorporate or otherwise mclude target utilizations and/or expected rates,
such as a payout matrx outputted by BP payout matrix method 600, or BP skill-based payout
matrix 400A (FIG. 4A). After target vtibizations and expected rates have been determined, if
necessary, BP network flow method 700A may proceed to block 730

At block 730, agent supplics and contact tvpe demands may be determmned. As
described in detail above with reference to, for example, FIGS. 4D and 4E, each agent may
provide a “supply” equivalent to the expected availability or target utilization of each agent
{e.g., m an environment with threc agents, one-third each, for a total supply of 1 or 100%j).
Additionally, cach contact type/skill may demand an amount of agent supply equivalent to the
expected frequency or target utilization of cach contact type/skill, for a total demand of 1 or
100%. The total supply and demand may be nommalized or otherwise configured to equal one

another, and the capacity or bandwidth along cach edge may be considered infinite or otherwise
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undimited. In other embodiments, there may be a supply/demand imbalance, or there may be
guotas or otherwise limited capacities set for some or all edges.
In some embodiments, the supplics and demands may be scaled by some factor, e.g.,

1000, 3000, etc. In domg so, the supply for each of three agents may be shown to be 1000

L3

mstead of one-third, and the total supply may be shown to be 3000, Similarly, the relative
demands for each contact type/skill set may be scaled. In some embodiments, no scaling cccurs.
After agent supplics and contact type demands have been determined, BP network tlow method
7004 may proceed 1o block 740
At block 740, preferred contact-agent pairings may be determuined. As described m
10 detail above with reference to, for example, FIGS . 4F and 4G, one or more solutions for the BP
network flow may be determined. In some embodiments, a “maximum flow” or “max flow”
algorithm, or other lincar programiming algorithim, may be applied to the BP network flow to
determine one or more solutions for optimizing the “flow” or “allocation” of the supplies
{sources) to satisfy the demands (sinks). In some embodiments, a “max cost” algorithm may
15 be applied to sclect an optimal max flow solution.

In some contact center environments, such as an 1.2 {contact surplus) environment, the
network flow may be reversed, so that contacts waiting in queue are the sources providing
supplics, and the possible agents that may become available are the sinks providing demands.

The BP network flow may include an optimal flow solution determined by a BP module

20 or similar component. According to this solution, of which there could be several to choose
among, or 1o be selected at random, some (feasible) edges may have an optimal flow of 0,
mdicating that sach a feasible pairing 1s not a preferred pairing. In some embodiments, the BP
network flow may remove edges representing feasible pairings if the pairing is determined o

not be a preterred pairing.
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Other edges may have a non-zero optimal flow, indicating that such a feasible pairing
is preferred at least some of the time. As explained in detail above, this optimal flow solution
describes the relative proportion of contact-agent interactions {(or the relative likehhoods of

selecting particular contact—agent interactions) that will achieve the target utilization of agents

A

and contacts while also maximizing the expected overall performance of the countact center
system according to the payouts for cach pair of agent and contact type/skill set.

For some solutions of some BP network flows, a single contact tvpe/skill may have
multiplc edges flowing into it trom multiple agents. In these environments, the contact
type/skill may have multiple preferred pairings. Given a choice among moltiple agents, the BP
10 network flow indicates the relative proportion or weighting for which one of the several agents

may be selected cach time a contact of that contact type/skill arrives at the contact center. After
determining preferred contact-agent pairings, BP network flow method 700A mayv proceed to
block 750.
At block 750, a computer processor-generated model according to the preferred
15 contact-agent pairings may be outputied. For exarople, a computer processor embedded within
or communicatively coupled to the contact center system or a component therein such ag a BP
module may output the preferred pairings model to be received by another component of the
computer processor or the contact center system. In some embodiments, the preferred pairings
model may be logged, printed, displaved, transmitted, or otherwise stored for other components
20 or human administrators of the contact center system. After the preferred pairings model has
been outpuited, BP network flow method 700A may end.

FIG. 7B shows a flow diagram of a BP network flow method 700B according to

embodiments of the present disclosare. BP network flow 700B is similar to BP network flow

700A described above with reference to FIG. TA. BP network flow method 700B may begin at

[\
A

block 710. At block 710, a BP payout matrix may be determined. After the BP payout matrix
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has been deternined, BP pavout matrix method 7008 may proceed to block 720. At block 720,
atarget utilization may be determined for cach agent and expected rates may be determined for
gach contact type. After target utibzations and expected rates have been determined, if
necessary, BP network flow method 700B may proceed to block 730. At block 730, agent
supplics and contact type demands mayv be determined. After agent supplies and contact type
demands have been determined, BP network flow method 700B may proceed to block 735.

At block 735, agent supplies and/or contact demands may be adjusted to balance agent
utilization, or to improve agent utilization balance. As described in detail above with reference
to, for example, FIGS, 5F and 5G, agents sharing the same skill sets may be “collapsed” mto
single network nodes (or “super nodes™). Similarly, contact types sharing the same skill sets
mayv be collapsed mnto single network nodes. Furthermore, the edges may be collapsed
according to their corresponding super nodes. At this point, in some embodiments, a quadratic
programming algorithm or similar technigue may be applied to the collapsed network to adjust
the relative supplies of the agents and/or the relative demands of the contacts. After adjusting
agent supplies and/or contact demands to balance agent utilization, BP network flow method
700B may proceed to block 740,

At block 740, preferred contact—agent pairings may be determuned. Afier deternuning
preforred contact—agent pairings, BP network flow method 700A may proceed to block 750, At
block 750, a computer processor-generated model according to the preferred contact-agent
patrings may be outputted. After the preferred pairings model has been outputied, BP network
flow method 700B may end.

FIG. & shows a flow diagram of a BP network flow method 800 according to
embodiments of the present disclosure. BP network flow method 800 may begin at block 810,

At block 810, available agents may be determined. In a real-world gueue of a contact

center svstem, there mayv be dozens, hundreds, or thousands of agents or more employved. At
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anv given time, a fraction of these employed agents may be logged mto the system or otherwise
actively working on a shift. Alsc at any given time, a fraction of logged-in agents may be
engaged in a contact mteraction {e.g., on a call for a call center}, logging the cutcome of a
recent contact inferaction, taking a break, or otherwise unavailable to be assigned to incoming
contacts. The remaining portion of logged-in agents may be idle or otherwise available to be
assigned. After determining the set of available agents, BP network flow method 800 may
proceed to block 820,

At block 820, a BP model of preferred contact—agent pairings may be determined. In
some embodiments, the preferred pairings mode! may be determined using BP network {low
method 700A (FIG. 7A) or 700B (FIG. 7B), or sinnlar methods. In other embodiments, the
preferred patrings model may be received from another component or module.

In some embodiments, the preferred painags model may inchude all agents employed
for the contact center gqueue or queues. [n other embodiments, the preferred pairings model
may include only those agents logged mto the queue at a given time. In still other embodiments,
the preferred pairings model may include only those agents determined to be available at block
810, For example, with reference to FIG. 4B, if Agent 403 is unavailable, some embodiments
may use a different preferred painngs model that omits a node for Agent 403 and includes
nodes onlv for available agents Agent 401 and Agent 402. fn other embodiments, the preferred
pairings model may mchide a node for Agent 403 but may be adapted to avoid generating a
nonzero probability of assigning a contact to Agent 403, For example, the capacity of the flow
from Agent 403 to each compatible contact type may be set to zero.

The preferred pairings model may be precomputed (e g.. retrieved from a cache or other
storage) or computed in real-time or near real-time as agents become available or unavailable,

and/or as contacts of varnous tvpes with various skill needs armve at the contact center. After
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the preferred pairings modcl bas been determined, BP network flow method 800 may proceed
to block 830.

At block 830, an available contact may be determined. For example, i an L1
environment, multiple agents are available and waiting for assignment to a contact, and the
contact queue is empty. When a contact arrives at the contact center, the contact may be
assigned to one of the available agents without watting on hold. In some embodiments, the
preferred pamnngs model determined at block 820 may be determined for the first time or
updated afier the determination of an available contact at block 330, For example, with
reference to FIGS. 4A-4G, Agents 401-403 may be the three agents out of dozens or more that
happen to be available at a given moment. At that tme, BP skill-based payout matrix 400A
(FIG. 4A) may be determined for the three mstant available agents, and BP network tlow 400G
{F1(z. 4G} may be determined for the three mstant avarlable agents based on the BP skill-based
pavout matrix 400A . Thus, the preferred pairings model may be determined at that time for
those three available agents.

In some cnibodiments, the preforred patrings model may account for some or all of the
expected contact tvpe/skili combinations as in, for example, BP network flow 400G, even
though the particular contact to be paired 1s already known to BP network flow method 800
because the contact has already been determined at block 830, After the available contact has
been determined at block #30 {and the preferred pairings model has been generated or updated,
i some embodiments), the BP network flow method 800 may procsed to block 840,

At block 840, at least one preferred contact—agent pairing among the available agents
and the available contact may be deternuned. For example, as shown in BP network flow 400G
(F1G. 4G}, if the avadable contact is of Contact Type 411 and requires Skill 421 or 422, the
preferred pairing is to Agent 402, Sinuilarly, if the available contact is of Contact Type 412 and

requires Skill 421 or 422, the preferred pairings are to etther Agent 401 (optimal flow of 400)
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or Agent 402 (optimal flow of 50}, After at least one preferred contact—agent pairing has been
determined, BP network flow method 800 may proceed to block 850.

At block 850, one of the at least one preferred contact-agent pairings may be selected.
In some embodiments, the selecthion may be at random, such as by usmg a pscudorandom
number generator. The likelihood {or probability) of sclecting a given one of the at least one
preferred contact-agent patrings may be based on statistical hkelihoods described by the BP
model. For example, as shown in BP network flow 400G (FIG. 4G), if the avaiiable contact is
of Contact Type 412 and requires Skill 421 or 422, the probability of selecting Agent 401 1s
400/450~89% chance, and the probability of selecting Agent 402 is 50/450~11% chance.

If there 1s only one preferred contact-agent pairing, there may be no need for random
selection in some embodiments as the selection may be trivial. For example, as shown in BP
network flow 4000 (FIG. 4G), if the available contact is of Contact Type 411 and requires Skill
421 or 422, the preferred paining is always to Agent 402, and the probability of sclecting Agent
407 15 450/450=100% chance. After selecting one of the at least one preferred contact—agent
pairings, BP network flow method 800 may proceed to block 860,

At block 860, the selected paining may be outputted for connection in the contact conter
system. For example, a computer processor embedded within or communicatively coupled to
the contact center system or a component therein such as a BP module may output the preferred
pairing selection {or recommended pairing, or pairing nstruction} to be reccived by another
component of the computer processor or the contact center system. In some embodiments, the
preferred pairing selection may be logged, printed, displaved, transmitied, or otherwise stored
for other components or human administrators of the contact center system. The receiving
component may use the preferred pairing selection to cause the selected agent to be connected
to the contact for which a pairing was requestied or otherwise deternuned. Afier the preferred

pairing nstruction has been outputted, BP network flow method 800 may end.
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FIG. 9 shows a flow diagram of a BP nectwork flow method 900 according to
embodiments of the present disclosure. In some embodiments, BP network flow method 900 is
similar to BP network flow method 800, Whereas BP network flow method 800 illustrates an

L1 environment (agent surplus), BP network flow method 900 ilustrates an L2 environment

L3

{comtacts in queuc). BP network flow method 900 may begin at block 910.

At block 910, available contacts may be determined. In a real-world queue of a contact
center system, there may be dozens, hundreds, etc. of agents emploved. In L2 environments,
all logged-in agents arc cngaged in contact interactions or otherwise unavailable. As contacts
arrive at the contact center, the contacts may be asked to watit in a hold queue. At a given time,
10 there mav be dozens or more contacts waiting on hold. In some embodiments, the queus may

be ordered sequentially by arrival time, with the longest-waiting contact at the head of the
gueue. In other embodiments, the queue may be ordered at least in part based on a priority
rating or status of individual contacts. For example, a contact designated as “high prionity” may
be positioned at or near the head of the queue, ahead of other “normal prionity” contacts that
15 have been waiting longer. Afier deternmining the set of available contacts waiting 1o gueue, BP
network flow method 900 may proceed to block 920
At block 920, a BP model of preferred contact-agent pairings may be deternuned. In
some embodiments, the preferred pairings model may be determined using a method sumilar to
BP network flow method 7G0A (FIG. 7A) or 700B {FIG. 7B}, insofar as the waiting contacts
20 provide the sources of supply, and an agents that may become available provide the sinks of
demand. In other embodiments, the preferred pairings model may be received from another
component or module,
In some embodiments, the preferred pairings model may inchide all contact types

expected to amrive at the contact center gueue or queues. In other embodiments, the preferred

[\
A

pairings madel may mclude only those contact type/skill combinations present and waiting in
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the queue at the time the model was requested. For example, consider a contact center system
that expects io receive contacts of threg types X, Y, and Z, but only contacts of types Xand Y
are presently waiting in the queue. Some embodiments may use a different preferred pairings
model that omits a node for contact type Z, including nodes only for waiting contacts of tvpes
X and Y. In other embodiments, the preferred pairings model may include a node for contact
type Z, but this model may be adapted to avord generating a nonzero probability of assigning
an agent to a contact of contact type Z. For example, the capacity of the flow from contact type
7 to cach compatible agent may be st to zero.

The preferred pairings model may be precomputed (e g.. retrieved from a cache or other
storage) or computed in real-time or near real-time as agents become available or unavailable,
and/or as contacts of various tvpes with various skill needs arrive at the contact center. After
the preferred pairings model has been determined, BP network flow method 900 may procced
to block 930.

At block 930, an available agent may be determimed. For example, m an L2
environment, multiple contacts are waiting and available for assignment to an agent, and all
agents may be occupied. When an agent becomes available, the agent may be assigned o one
of the waiting contacts without remaiming wdle. In some embodiments, the preferred pairings
maodel determined at block 920 may be determined for the first time or updated aficr the
determination of an available agent at block 830, For example, there may be three contacts
waiting i gueug, sach of a different skill and type. a BP skill-based payout matrix may be
determined for the three mstant waiting contacts, and a BP network flow may be determined
for the three instant waiting contacts based on the BP skill-based pavout matrix. Thus, the
preferred pairings model may be determined at that time for those three waiting contacts.

In some embodiments, the preferred pairings model may account for some or all of the

potentially available agents, even though the particular agent to be paired is already known 1o
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BP network flow method 900 because the agent has already been determined at block 930.
After the available agent has been determined at block 930 (and the preferred pairings model
has been generated or updated, in some embodiments), the BP network flow method 900 may
proceed to block 940,

At block 940, at least one preferred contact—agent pairing among the available agent
and the available contacts may be determined. After at least one preferred contact-agent pairing
has been determined, BP network flow method 900 may proceed to block 930,

At block 950, one of the at least one preferred contact-agent painings may be sclocted.
In some embodiments, the selection may be at random, such as by using a pscudorandom
number generator. The likelthood (or probability) of selecting a given one of the at least one
preferred contact—agent pairings may be based on statistical likelihoods described by the BP
model. H there is only ong preferred contact-agent pairing, there may be no need for random
selection 1n some embodiments as the selection may be trivial. After selecting one of the at
least one preferred confact—agent painngs, BP network flow method 900 may proceed to block
960.

At block 960, the selected pairing may be outputted for connection in the contact conter
system. For example, a computer processor embedded within or communicatively coupled to
the contact center system or a component therein such as a BP module may output the preferred
pairing selection {or recommended pairing, or pairing nstruction} to be reccived by another
component of the computer processor or the contact center system. In some embodiments, the
preferred pairing selection may be logged, printed, displaved, transmitied, or otherwise stored
for other components or human administrators of the contact center system. The receiving
component may use the preferred pairing selection to cause the selected agent to be connected
to the contact for which a pairing was requestied or otherwise deternuned. Afier the preferred

pairing nstruction has been outputted, BP network flow method 900 may end.
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In some embodiments, a BP payout matrix and network flow model may be used in L.3
environments (i.e., multiple agents available and multiple contacts waiting in quoug). In some
embodiments, the network flow model may be used to batch-pair multiple contact-agent
pairings simultaneously. BP pairing under L3 environments 1s described 1o detai) in, for
cxample, U.S. Patent Application No. 15/395.469, which is incorporated by reference herein.
In other embodiments, a BP network flow model may be used when a contact center system i
operating in L1 and/or L2 environments, and an aliernative BP pairing strategy when the
contact cender system is operating in L3 {or L0) envirorunents.

In the examples descubed above, the BP network flow model! targets a balanced agent
uttfization (or as close to balanced as would be feasible for a particular contact center
environment). In other embodiments, a skewed or otherwise unbalanced agent utilization may
be targeted {e.g., “Kappa” techniques), and/or a skewed or otherwise unbalanced contact
atilization may be targeted (e.g., “Rho” techniques). Examples of these technigues, including
Kappa and Rho techmgues, are described i detail n, e.g., the aforementioned U.S. Patent
Apphcation Nos. 14/956,086 and 14/936,074, which have been incorporated by reference
herein.

In some embodiments, such as those in which a BP moduie {e.g., BP module 140} 1s
fully embedded or otherwise mtegrated within a contact center switch (e g., central switch 110,
contact center switch 120A, etc.}, the switch may perform BP techniques without separate
pairing requests and responses between the switch and a BP module. For example, the switch
may determine 1ts own cost function or functions to apply o each possible pairing as the need
arises, and the switch may automatically minimize {or, in some configurations, maximize) the
cost function accordingly. The switch may reduce or climinate the need for skill queues or other
hicrarchical arrangements of agents or contacts; stead, the switch may operate across one or

maore virtual agent groups or sets of agents among a larger pool of agents within the contact
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center system. Some or all aspects of the BP pairing methodology may be implemented by the
switch as needed, including data collection, data analysis, model generation, network flow
optimization, etc.

In some embodiments, such as those optimizing virtual agent groups, models of agent
nodes 1 network flows may represent sets of agents having one or more agent skill/type
combinations for agents found anywhere within the contact center system, regardless of
whether the contact center svstem assigns agents 1o one or more skill queues. For example, the
nodes for Agents 401, 402, and 403 in FIGS . 4B-4G may represent virtual agent groups instead
of individual agents, and a contact assigned o a virtual agent group may be subsequently
assigned to an individual agent within the virtual agent group {e.g., random assignment, round-
robin assignment, model-based behavioral paining, ¢tc.). In these embodiments, BP may be
applied fo a contact at a higher level within the contact center system {e.g., central switch 101
i FIG. 1), before a contact s filtered or otherwise assigned to an individual skill queue and/or
agent group {e.g., either contact center switch 120A or contact center switch 1208 m FIG. 1).

The application of BP carlicr 1n the process may be advantageous msofar as it avoids
scripts and other prescriptive techniques that conventional central switches use to decide to
which gueue/switch/VDN a contact should be assigned. These scripts and other prescniptive
techniques may be inefficient and suboptimal both m terms of optimizing overall contact center
performance and achieving a desired target agent utilization {e.g., balanced agent utilization,
manimal agent utilization imbalance, a specified amount agent utilization skew),

At this point 1t should be noted that behavioral paining in a contact center system in
accordance with the present disclosure as described above may mvolve the processing of input
data and the generation of output data to some extent. This input data processing and output
data generation may be mplemented 1n hardware or sottware. For example, specific electronic

coraponents may be eraployed in a behavioral painng module or similar or related circuitry for
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mmplementing the functions associated with behavioral pairing in a contact center systent in
accordance with the present disclosure as described above. Alternatively, one or more
processors operating in accordance with instructions may implement the functions associated
with behavioral pairing in a contact center svstem 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
mstructions may be stored on one or more non-transitory processor readable storage media
{e.g., a magnetic disk or other storage medium}, or transmitied to one or more processors via
one or more signals crabodied in one or more carrict waves.

The present disclosure is not to be himited in scope by the specific embodiments
described herein. Indeed, other vartous 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 accompanving 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 ot at least one
particular tuplementation in at least one particular environment for at least one particular
purpose, those of ordinary skill in the art will recognize that its usefolness 1s not Himited thereto
and that the present disclosure may be beneficially implemented i any number of
enviromments for any number of purposes. Accordingly, the claims sct 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 for behavioral pairing in a contact center systenm comprising:

determining

o0

by at least one computer processor communicatively coupled to and
configured {o operate in the contact center system, a plurality of agents available for connection
{0 a contact;

determining, by the at least one computer processor, a plurality of preferred contact-
agent pairings among possible pairmgs between the contact and the plurality of agents;

sclecting, by the at least one computer processor, ong of the plurality of preferred
contact-agent pairings according to a probabilistic model; and

outputting, by the at least one computer processor, the selected one of the plurality of

preferred contact—agent pairings for connection in the contact center systent.

2. The method of claim 1, wherem the probabilistic model is a network flow model for

balancing agent utilization.

3. The method of claim 1, wherein the probabilistic model is a network flow model for

applying an amount of agent utilization skew.

4. The method of claim 1, wherein the probabilistic model is a network flow model for

optimizing an overall expected value of at least one contact center metric.

5. The method of claim 4, wherein the at least one contact center metric is at least one

of revenue generation, customer satisfaction, and average handle time.
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6. The method of claim 1, wherein the probabilistic model 15 a network tlow model

constrained by agent skills and contact skill needs.

7. The method of claim 6, wherein the network flow model 1s adjusted to miumize
agent utilization imbalance according to the constraints of the agent skills and the contact skill

needs.

8. The method of claim }, wherein the probabilistic model incorporates expected payoft
values based on an analvysis of at least one of historical contact-agent outcome data and contact

attribute data.

9. A system for behavioral pairing in a contact center system comprising:
at least one computer processor communicatively coupled to and configured to operate
i the contact center system, wherein the at least one computer processor is turther configured
10:
determine a plurality of agents available for connection to a contact;
deternune a plurality of preferred contact-agent pairings among possible
pairings between the contact and the plurality of agents;
select one of the plurality of preferred contact-agent pairings according (o a
probabilistic model; and
output the selected one of the plurality of preferred contact—agent painings for

connection in the contact center system.

10. The system ot claim 9, wherein the probabilistic model 1s a network flow model for

balancing agent utilization.
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1. The system of claim 9, wherein the probabilistic model is a network flow model for

applving an amount of agent utilization skew.

12. The system of claim 9, wherein the probabilistic model is a network flow model for

optimizing an overall expected value of at least one contact center metric.

13. The system of claim 12, wherein the at least one contact center metric is at [cast one
of revenue generation, customer satisfaction, and average handle time.
14. The system of claim 9, wherein the probabilistic model is a network flow model

constrained by agent skills and contact skill needs.

I5. The system of claim 14, wherein the network flow model 15 adjusted to minimize

agent utilization tubalance according to the constraints of the agent skilis and the contact skall

needs.

16. The systern of claim 9, whercin the probabilistic model incorporates expected
pavoff values based on an analysis of at feast one of historical contact-agent outcome data and

contact atinbute data.

17. An article of manufacture for behavioral pairing in a comtact center system
coOmprising:
a non-transitory processor readable medium; and

mstructions stored on the medium;
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wherein the instructions are configured to be readable from the medium by at least one

computer processor communicatively coupled 1o and configured to operate in the contact conter
system and thereby cause the at least one computer processor (o operate so as to:

deternune a plurality of agents available for connection to a contact;

deternuine a plurality of preferred contact-agent pairings among possible
pairings between the contact and the plurality of agents;

select one of the plurality of preferred contact—agent pairings according to a
probabilistic model; and

output the selected ong of the phurality of preferred contact-agent painings for

connection in the contact center system.

18. The article of manutacture of claim 17, wherein the probabilistic model is a network

flow model for balancing agent utilization.

19. The article of manufacture of claim 17, wherein the probabilistic model is a network

flow model for applying an amount of agent utilization skew.

20. The article of manufacture of claim 17, wherein the probabilistic model is a network

flow model for optimizing an overall expected value of at least one contact center metric.

21. The article of manutacture of claim 20, wherein the at least one contact center metric

is at least one of revenue generation, customer satisfaction, and average handle time.

22, The article of manufacture of claim 17, wherein the probabilistic model is a network

flow model constrained by agent skills and contact skill needs.
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23 The article of mamutacture of claim 22, wherein the network flow model is adjusted
to minimize agent vtilization imbalance according to the constraints of the agent skilis and the

contact skill needs.

24. The aicle of manufacture of claim 17, wherein the probabilistic model incorporates
expected pavoff values based on an analysis of at least one of lustorical contact—agent outcome

data and contact atinibute data.

25. A method for behavioral pairing in a contact center system comprising:

determining, by at least one computer processor communicatively coupled to
and configured to operate 1n the contact center system, a plurality of contacts available for
connection 1o an agent,;

determiming, by the at least one computer processor, a plurality of preferred
contact—agent pairings among possible pairings between the agent and the plurality of contacts;

selecting, by the at least one computer processor, ong of the plurmality of
preferred contact—agent pairings according to a probabilistic network flow model; and

outputting, by the at least one computer processor, the selected one of the

plurality of preferred contact-agent pairings for connection in the contact center systeim.

26. The method of claim 25, wherein the probabilistic network flow model is a network

flow model for balancing agent utilization.

27. The method of claim 25, wherein the probabilistic network flow model 18 a network

flow model for applving an amount of agent utilization skew.
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28. The method of claim 25, wherein the probabilistic network flow mode] is a ngtwork

flow model for optinmizing an overall expected value of at least one contact center metric.

29, The method of claim 28, wherein the at least one contact center metric 1s at feast

one of revenue generation, customer satisfaction, and average handle time.

30. The method of claim 25, whercin the probabilistic network flow model is a network

flow model constrained by agent skills and contact skill needs.

31. The method of clatm 30, wherein the probabilistic network flow model 15 adjusted
to minimize agent witlization imbalance according to the constraints of the agent skills and the

contact skill needs.

32. The method of claim 25, wherein the probabilistic network flow model incorporates
expected pavoff values based on an analysis of at keast one of historical contact-agent outcome

data and contact atinbute data.

33. A system for behavioral pairing in a contact center system comprising:
at least one compauter processor communicatively coupled to and configured to
operate in the contact center sysiem, wherein the at least one computer processor 1s further
configured to:
determine a plurality of contacts available for connection to an agent;
determine a plurality of preferred contact—agent pairnings among possible

pairings betwecen the agent and the plurality of contacts;
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select one of the plurality of preferred contact—agent pairings according
to a probabilistic network flow model; and
output the selected one of the plurality of preferred contact-agent

pairings for connection in the contact center system.

34, The system of claim 33, wherein the probabilistic network flow model 15 a network

flow model for balancing agent utilization.

35. The svstem of claim 33, wherein the probabilistic network flow model is a network

flow model for applyving an amount of agent atihization skew.

36. The system of claim 33, wherein the probabilistic network flow model is a network

flow model for optimizing an overall expected value of at least one contact center metric.

37. The system of claim 36, wherein the at least one contact center metric is at lcast one

of revenue generation, customer satisfaction, and average handle time.

38. The system of claim 33, wherein the probabilistic network flow mode! is a network

flow model constrained by agent skills and contact skill needs.

39. The system of claim 38, wherein the probabilistic network flow model s adjusted

to minimize agent utilization imbalance according to the constraints of the agent skills and the

contact skill needs.
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40. The system of claim 33, wheremn the probabilistic network flow model incorporates
expected pavoff values based on an analysis of at keast one of historical contact-agent outcome

data and contact atinbute data.

41. An article of manufacture for behavioral patring i a contact center system
comprising;
a non-transitory processor readable medium; and
mstructions 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 operate m the
comtact center system and thereby cause the at lcast one computer processor to operate so as
to!
determine a plurality of contacts available for connection to an agent;
determine a plurality of preferred contact—agent pairings among possible
pairings between the agent and the plurality of contacts;
select one of the plurality of preferred contact—agent pairings according
to a probabilistic network flow model; and
output the sclected one of the plurality of preferred contact-agent

pairings for connection in the contact center system.

42. The article of manufacture of claim 41, wherein the probabilistic network flow

model! 13 a network flow model for balancing agent utilization.

43. The article of manufacture of claim 41, wherein the probabilistic network flow

maodel 15 a network flow model for applving an amount of agent utilization skew.
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44, The article of manufacture of claim 41, wherein the probabilistic network flow
model is a network flow model for optimizing an overall expected value of at least one contact

center metne.

45 The article of manufacture of claim 44 wherein the at least one contact center metric

is at least one of revenue generation, customer satisfaction, and average handle time.

46. The article of manufacture of claim 41, wherein the probabilistic network flow

model is a network flow model constrained by agent skills and contact skill needs.

47. The article of manufacture of claim 46, wherein the probabilistic network flow
model 13 adjusted to minimize agent utibization imbalance according to the constraints of the

agent skills and the contact skill needs.

48, The article of manufacture of claim 41, wherein the probabilistic network flow

model mcorporates expecied pavoff values based on an analysis of at least one of historical

contact—agent outcome data and contact attribute data.
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