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(57) ABSTRACT

A method for determining call center resource allocation can
include modeling call center performance over an operations
time period using a computer. A number of replicas of the
modeled call center performance are simulated, using the
computer, over a planning time period, each replica having
random contact arrivals and contact service times following a
stochastic arrival and service process according to a probabil -
ity distributions of inter-arrival time and service time. Mul-
tiple iterations of each simulation are run on the computer to
optimize call center resource allocation. A particular simula-
tion iteration is tested against a criterion of convergence, and
call center resource is allocated based on the particular simu-
lation iteration with a successful criterion of convergence.
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CALL CENTER RESOURCE ALLOCATION

RELATED APPLICATIONS

[0001] This patent application is related to, and claims pri-
ority to, U.S. provisional patent application Ser. No. 61/404,
745, entitled “Call Center Resource Allocation,” filed on Oct.
9, 2010, commonly assigned herewith, and hereby incorpo-
rated by reference in its entirety.

BACKGROUND

[0002] Advances in technology have resulted in conve-
niences that prior generations never imagined. Items such as
cell phones, computers, personal digital assistants (PDAs),
and mobile communications devices can be seen most every-
where. Many new automobiles are manufactured with global
positioning satellite (GPS) systems. The internet has pro-
vided a plethora of new conveniences. On-line access to bank
accounts and credit card accounts is becoming the norm.
Electronic commerce transactions, including on-line shop-
ping, are commonplace. All of these high tech systems are
changing daily life from that which existed only a few years
ago, and changing the way people interact with one another to
obtain goods and services.

[0003] One item, however, that necessarily accompanies
the use of so many high tech systems is that instruction,
service, and repair issues will undoubtedly arise. As more
automated and computerized systems are introduced, the
complexity of systems increases, and more people use such
systems, the volume of instruction, service, and repair issues
increase. Many organizations utilize a call center to handle
instruction, service, and repair customer contacts.

[0004] Methods for handling requests associated with
instruction, service, and repair can vary greatly among indus-
tries and organizations, but a balance between cost, response
speed, accuracy, and efficiency is involved, as in other cus-
tomer service encounters. A common complaint with many
customers regarding call center service concerns extended
hold times before reaching the right customer service repre-
sentative to resolve their request. It is not uncommon for a
customer to experience delays waiting to obtain service, and/
or to be transferred among representatives (in some cases
several times) to have their question answered or their request
for service handled. Such experiences often lead to customer
dissatisfaction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 illustrates a call center utilizing resource
allocation according to the present disclosure.

[0006] FIG. 2 is a flow chart illustrating an example of a
method for determining call center resource allocation
according to the present disclosure.

[0007] FIG. 3 illustrates a block diagram of an example of
a computing system for determining call center resource allo-
cation according to the present disclosure.

[0008] FIG. 4 illustrates a block diagram of an example of
a computer readable medium (CRM) in communication with
processing resources according to the present disclosure.
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[0009] FIG. 5 is a flow chart illustrating an example of a
method for determining call center resource allocation
according to the present disclosure.

DETAILED DESCRIPTION

[0010] Embodiments ofthe present disclosure may include
methods, systems, and computer readable media with execut-
able instructions, and/or logic. An example method for deter-
mining call center resource allocation can include modeling
call center performance over an operations time period using
a computer. A number of replicas of the modeled call center
performance are simulated, using the computer, over a plan-
ning time period, each replica having random contact arrivals
and contact service times following a stochastic arrival and
service process according to probability distributions of inter-
arrival time and service time. Multiple iterations of each
simulation are run on the computer to optimize call center
resource allocation. A particular simulation iteration is tested
against a criterion of convergence, and call center resource is
allocated based on the particular simulation iteration with a
successful criterion of convergence.

[0011] One or more example methods for determining call
center resource allocation can include modeling call center
performance over an operations time period and through
accounting for many behavioral component and/or one or
more objective functions, such as multiple skills for a net-
work. In this manner, the methods for determining call center
resource allocation of the present disclosure can accommo-
date a great level of complexity. Simulation iterations tested
against a criterion of convergence can be stopped when the
criterion of convergence is successful within the particular
simulation iteration while meeting one or more optimization
goals related to efficiency and quality of service.

[0012] One aspect with respect to the systems and methods
of the present disclosure involves determining a call center
allocation of resources. The resources generally include serv-
ers (i.e., people serving call center clients), but the systems
and methods of the present disclosure can also be applied to
other assets that may be used to serve call center contacts,
such as particular equipment, facilities, computing time,
bandwidth, etc. where the resources may or may not have
unique characteristics that allow them to be categorized. For
example, some call center contacts may require a particular
computing resource running a specific type of software, for
which a finite quantity of licenses is available to service the
particular call center contacts.

[0013] Call centers remain one of the preferred choices by
the service industry to deliver critical services, connect to, or
keep in contact with their world wide customer base. For
instance, call centers are largely used for customer service
contacts, help desk, technical support under contract or war-
ranty, etc. Call centers may also be used to proactively man-
age customer relations, such as by initiating customer contact
to promote sales, survey, follow-up, etc.

[0014] Asused herein, a “call center” intends operations to
handle voice communications and/or written communica-
tions such as electronic messaging that may involve a com-
munication other than a telephone call. A call center handling
voice communications will be used to illustrate the features of
call center resource allocation according to the present dis-
closure. However, the reader will appreciate that the features
of the present disclosure are applicable to implementations
utilizing written communications such as electronic messag-
ing, among others, as long as their quality of service metrics
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(described in this document) are equivalent. As such, the
reader will appreciate that a contact with a call center,
whether by voice or electronic messaging, is hereinafter
referred to as a “call” for convenience unless otherwise speci-
fied (e.g., a telephone call, email, text, web chat, etc).
[0015] Customers connect to call center servers (e.g., cus-
tomer service agents, organization representatives) typically
by telephone and/or electronic messaging (e.g., e-mail, tex-
ting, web chat, etc.). As used herein, “servers” refer to those
people serving others in regards to a call center such as those
answering telephone calls, as distinguished from a “server
device,” which is a computer conventionally used to serve
electronic files. Sometimes servers receive voice and/or elec-
tronic messages from an automatic system(s) regarding ser-
vice inquires (e.g., concerning system failures) which require
a return communication.

[0016] Large companies can handle millions of contacts
(e.g., calls) with its customers per year, utilizing thousands of
servers (e.g., customer service agents) and other resources in
handling the contacts. The contacts may be in regards to one
or more of thousands of products and/or services. Thus, call
centers handling a large volume of calls may require complex
resource planning in order to bring a wide range of knowledge
in an appropriate quantity for demand in particular areas of a
knowledge base encompassing variable subject matter. How-
ever, analyzing and scheduling call center resources, includ-
ing servers, can result in large and expensive inefficiencies
due to lack of proper analytics to optimize call center opera-
tions.

[0017] On average, call center contacts (e.g., calls) can
have a relatively short service time (e.g., minutes to a few
hours). The level of service quality desired/required can be
dependent on the number of servers available at a call center
atany given time. Service quality impacts the amount of time
to serve a call, which in turn, can be affected by the quantity
of servers. A buffer of servers can ensure availability and
absorption of the randomness of the call center contacts, as
some calls may require more time than average, and peak
quantities of calls may be received during some periods of
time. However, staffing a call center with an abundance of
servers (e.g., customer service agents) so as to promptly take
calls and minimize customer wait time in a queue can result in
servers having unproductive idle time waiting for calls to
arrive. Furthermore, the extent of uncertainty (e.g., uncer-
tainty as to the timing of call arrival) can dramatically
increase the complexity of planning what service/skills will
be required to address a respective call (e.g., subject matter of
the call), time to disposition call, customer impatience, other
(e.g., non-people) resources needed, etc.

[0018] Call resolution is critical to customer satisfaction,
thus servers can need a set of hard and/or soft skills, for
example, hard skills to handle a technical issue properly and/
or soft skills to handle the customer relations aspects of a
contact successfully. Making all the appropriate resources
and skills towards keeping customers satisfied in a timely and
cost effective manner is a prime criterion by which a success-
ful call center contact is measured. At a minimum, penalties in
the marketplace associated with poor customer service are to
be avoided to the extent possible.

[0019] FIG. 1 illustrates a call center utilizing resource
allocation according to the present disclosure. For ease of
understanding, FIG. 1 shows an example call center 100 with
a queuing arrangement in simplified block diagram format.
The call center 100 queuing arrangement may be imple-
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mented in a centralized and/or dispersed manner with physi-
cal portions thereof being communicatively coupled and
operated in a coordinated manner. A call center 100 may be
operated by the organization associated with one or more
particular products being serviced by the call center 100, or
may be a third party providing such services based on a
contract.

[0020] A world wide customer base 110 can include differ-
ent classes of customers. As used herein, a “customer”
intends an entity being served by the call center, including
prospective purchasers of particular products and/or services.
A customer class can represent a group of customers with
particular characteristics, such as customers associated with a
particular product or group of similar products, customers
having a particular contract service for particular products
and/or services purchased from a company, an/or customers
communicating in a specific language. Customers may have a
contract service by virtue of a base warranty, purchased
extended warranty, and/or service contract associated with
one or more particular products.

[0021] A customer can contact the call center 100 to inquire
about a resolution to an issue or to obtain service (e.g., set-up,
training, product registration, etc.). Call center contacts, such
as voice communications and/or electronic messages, can
arrive at the call center 100 via a call center portal 102 (e.g.,
avoice computer system, web interface, etc.). The call center
portal 102 can be configured to accommodate telephone calls
and/or other electronic communications, including packet-
based (e.g., digital) voice communications. A call center con-
tact can represent a customer attempt to reach the call center,
even if the customer does not ultimately reach a server.
[0022] Contacts concerning a variety of subject matter may
be received by the call center 100. A number of server skill
sets (also referred as server pools) 116-1,116-2, ..., 116-NSP
may be used to address the variety of subject matter, where
NSP is the number of server pools, each server pool having a
distinct skill set. A call center performance model 120 may be
used to simulate and optimize call center resource allocations
such as to determine the number of server pools, subject
matter of server pools, number of servers per pool, skills of
servers, etc. Call center resource allocations can be based on
optimized call center performance model results 122. That is,
call center resources (e.g., quantity, characteristics) can be set
according to results 122 of the call center performance model.
Optimized call center resource allocations can be determined
by measures of efficiency, proficiency, cost-effectiveness,
and/or combinations thereof, among other criterion.

[0023] Each server pool may include a quantity of servers
(e.g., zero or more) who have some level of the corresponding
skill set and are assigned to address those contacts having
subject matter that may be addressed by a server having skills
associated with a particular skill set. Embodiments of the
present disclosure are not limited to the number of server
pools and/or skill sets shown in FIG. 1, and more or fewer
server pools and/or skill sets may be used to serve contacts
than those shown. Also, server pools may include more or
fewer servers with particular skill sets than those shown in
FIG. 1.

[0024] A call center contact may be preliminarily screened
by a call center representative, or the customer may be
prompted for input information that defines the issue, service,
desired skill set, or other classification to enable association
with a particular customer class. Modern telecommunication
and/or electronic communications systems are capable of
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obtaining and retaining such classification information. For
example, by a sequence of questions and answers, an auto-
mated system of the call center portal 102 can classify the call
center contact (e.g., call) into a particular customer class, and
route the call to a corresponding queue, Q,, where i denotes
the customer class. As shown in FIG. 1, queues are denoted as
Q, Q,, Qs, - - ., Quer, Where NCL indicates the number of
customer classes. Although FIG. 1 shows a queue corre-
sponding to each customer class, embodiments of the present
disclosure are not so limited and correspondence between
customer classes and queues can be implemented in other
applicable arrangements.

[0025] Inorderto have the customer of a call center contact
served, the call center system attempts to route the customer
to a particular server who is enabled to serve such a class of
customer. A contact is placed in one of the several queues, if
necessary to wait before the contact can be addressed by a
server (e.g., agent). Queues may be implemented physically
(e.g., routing an electronic message to a storage medium) or
may be implemented administratively, for example by the
customer’s telephone call being placed on hold and its relative
order to the arrival time of the call of other customers can be
tracked such that calls are taken off hold in the same order as
they were placed on hold (e.g., FIFO).

[0026] A server (e.g., customer service agent) enabled to
serve the customer is normally trained in the subject matter
relevant to one or several customer classes, which is denoted
in FIG. 1 by skill number identification (ID) (e.g., skills 1,2,
..., NCL). The call center can divide these skills in various
skill sets to rationalize how much training will be provided to
servers. For example, the skill sets @, ©,, @, ..., D, are
the skill sets to hold the complete skill sets served by the call
center, one skill set per server pool again where NSP corre-
sponds to the number of server pools. In the context of the
methodology of the present disclosure illustrated in FIG. 1, a
customer class can correspond to a matching skill ID (e.g.,
linux operating system, Unix operating system, etc.). More
generally, servers can have skill sets with multiple skills. For
example, servers with skill set @, have the skills and/or train-
ing to serve customer class 1 and class 2, as indicated in FIG.
1 by correspondence arrows a, and a,. Servers with skill set
@, have the skills and/or training to serve customer class 1,
class 2, and class 3, as indicated in FIG. 1 by correspondence
arrows a,, a,, and ag, etc.

[0027] When two or more servers have identical skill capa-
bilities, they can be grouped into a server pool denoted by
SPOOL,, where k denotes the pool number. For instance,
server pool 1 (e.g., SPOOL,) 116-1 is shown in FIG. 1 as
including three servers: S, ,, S,,, and S, ;. Server S|, denotes
the first server of skill pool 1, server S, , denotes the second
server of skill pool 1, etc. Each of servers S| |, S,,,and S, ; has
skill set @, .

[0028] The “Routing Flow” is the network connecting
queues to server pools. The connection communicates a cus-
tomer to a server associated with a particular server pool
according to the server’s capability, schedule and availability
status. The logical arrow depends on the server’s skill capa-
bility required by the customer class in the queues, so that
customers can be routed on server availability and capability.
For example, the logical arrow between queue 2 and server
pool SPOOL, in FIG. 1 denotes that any server in the server
pool 1 is capable of addressing call center contacts associated
with customer class 2 (that might be waiting in queue 2). A
logical arrow in the Routing Flow illustrated in FIG. 1 is
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denoted by a;, where j denotes the flow activity. Logical
arrows connect a particular queue to those servers in a server
pool that are capable of handling the contacts in a respective
queue. For instance, a call center contact in a queue can be
routed to one of the server pools indicated by the logical
arrows originating from the queue. The contact can be further
routed to any available server in the server pool.

[0029] For example, server pool 2 (SPOOL, 116-2) is
shown in FIG. 1 as including two servers: S,, and S, ,. Server
S,; denotes the first server of pool 2, and server S,, denotes
the second server of pool 2. Each of servers S,, and S,, has
skill set @,. Server pool 3 (e.g., SPOOL,;) 116-3 is shown in
FIG.1 asincluding no servers. That s, no servers with skill set
@, are available at certain time; however, they may be avail-
able at different day of week, etc. However, FIG. 1 shows
servers in SPOOL, 116-1 posses the requisite skills and/or
training to service call center contacts of customer class 1 and
2 asindicated by arrows a, and a, respectively. Similarly, FIG.
1 shows that a server in SPOOL, 116-2 posses the requisite
skills and/or training to service call center contacts of cus-
tomer class 1, as indicated by arrow a,. FIG. 1 also shows
servers in SPOOL, 116-2 posses the requisite skills and/or
training to service call center contacts of customer classes 2
and 3, as indicated by arrows a, and a4 respectively. Con-
versely, according to FIG. 1, a customer class 1 can only be
served either by server pool 1 or by server pool 2. A single
contact service is not split. A contact service is wholly served
by the server once it is assigned. The dual arrows indicate that
a contact can be routed to either server pool. FIG. 1 further
shows servers in SPOOL; 116-3, if there were any, would
posses the requisite skills and/or training to service call center
contacts of customer classes 2 and NCL, as indicated by
arrows as and a,, , respectively. Servers in SPOOL s 116-
NSP posses the requisite skills and/or training to service call
center contacts of customer class NCL, as indicated by arrow
aAne

[0030] According to the present disclosure, a contact (e.g.,
customer) may be routed from a queue as soon as a capable
server (e.g., a server having a proper skill set) is free. The
customer waiting time in a queue can be tracked and generally
will be zero or more. The customer waiting time associated
with particular queues can be individually tracked and
denoted as shown in FIG. 1 (e.g., t5, T, toss - - - Loner)-
[0031] When several servers possessing a skill set that can
service a queue are idle, and a customer arrives in such a
queue, the customer can be assigned to one of these servers
according to an assignment policy. Embodiments of the
present disclosure may utilize different assignment policies
to assign the customer to any of the free servers. One assign-
ment policy commonly used is the first in—first out (FIFO)
rule. Under a FIFO rule the customer is assigned to the server
with longest idle time. Other policies can depend on priorities
assigned to certain customer classes. The FIFO rules can also
be assigned through a sequence of the priorities, and/or to a
combination of parameters, such as customer class priorities,
length of queue, and/or server idle time, etc.

[0032] The several servers possessing a skill set that can
service a queue can be members of different server pools. For
example in one or more embodiments of the present disclo-
sure a server in SPOOL, and another server in SPOOL , may
beidle when a contact is placed in queue 2. The contact can be
routed to the particular server that has the longest idle time
regardless of whether the server is in SPOOL, or SPOOL,.
According to one or more other embodiments of the present



US 2012/0087486 Al

disclosure, a modified FIFO assignment policy may direct a
contact waiting in queue 2 to be routed to a server in SPOOL,
if available, even if the server in SPOOL, is not the server that
has the longest idle time. If no server in SPOOL, is available,
the contact waiting in queue 2 can be routed to a server in
SPOOL, or SPOOL; that has the longest idle time.

[0033] Thatis, assignment policies may be based on certain
skill sets being primary to serve a particular customer class
passing through a corresponding queue, and other skill sets
being secondary to serve the particular customer class pass-
ing through a corresponding queue (e.g., if a server with the
primary skill set is not immediately available). For example,
aprimary skill set may be laser printers and a secondary skill
set may be printers in general. A server may be trained to have
general knowledge about printers but may also be specially
trained to be expert on laser printers. Thus, if a call center
contact is determined to be in a laser printer customer class,
the assignment policy in use may direct the customer to be
served by a server having the laser printer skill set as a “pri-
mary” skill set if available, or otherwise be served by a server
only having the generalized printer skill set (or the laser
printer skill as a “secondary” skill set) if a laser printer expert
is not immediately available.

[0034] When there are multiple customers waiting in a
queue, and a capable sever becomes available, a customer
may be assigned also according to an assignment policy, such
as those described above (e.g., FIFO).

[0035] Ifcall center contact arrival traffic is too high for the
number of servers, some may end up waiting in one or more
queues for too long. Customers connecting through phone
tend to have a limited patience, and each may have a threshold
time at which point they may end the call before service.
Some contacts waiting in a queue will not wish to wait long
enough to pass through the entire queue, or may not be able to
wait for the entire queue waiting time, and will abandonment
their contact. For example, a telephone caller may hang up, or
a web chat connection may be terminated. Thus, a particular
contact may be considered (e.g., classified) as going aban-
doned 112. The time a customer waits before abandoning can
be denoted by W,,. Some portion of abandoned contacts 114
may return to the call center 100 as new contacts at some later
time, for example, at an off-peak hour or a time more conve-
nient for the customer to wait longer.

[0036] Once the customer is assigned to a server (e.g., a
customer service agent), the service inquire takes place. The
total time a customer is being served is denoted by the service
time t,, during which the server is fully allocated to the
service. Servers eventually serve the call center contacts (e.g.,
customers) assigned to them. Once served, the customer exits
the call center. While the queue and served portions of the call
center 100 are illustrated as specific locations to which a
particular contact is routed, it will be understood that the
queues and serving portions need not be physical locations to
which contacts and/or customers are physically transported,
but rather classifications made to characterize one or more
contacts/customers. That is, a queue may simply be tracking
an order by which contacts arrive and are stored pending
further action. Examples of a queue can include an e-mail
inbox organized by message date/time received, or lines of a
telephone system of callers on hold for which the order at
which a call was received is tracked. Examples of the serving
portion of the call center can include an electronic commu-
nication being viewed by a server, or a server connecting to a
telephone line in order to speak with a person.
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[0037] At any given time, servers will be members of only
one skill set. However, servers may be capable in more than
one skill set and scheduled to different server pools with
different skill sets according to defined shift schedules. That
is, servers can be cross-trained to be capable of being a mem-
ber of more than one skill set. Servers may also possess
different levels of skill associated with particular skill sets.
For example, a server may be an expert with respect to one
skill set and be a generalist with respect to one or more
additional skill sets.

[0038] As people, servers are also bound by some sched-
uled and unscheduled behavior. For instance, servers that
work at a call center typically have working schedules defin-
ing the beginning and end of their participation in the call
center. There may be some restrictions as to number of hours
ofparticipation each day and/or hours per week, called shifts.
Between the start and end of any given shift servers may have
scheduled breaks such as lunch or meetings, or may have
unscheduled unavailability, for example due to tiredness or
fatigue, interruptions related to unreliable equipment, etc.
Also, a particular server may have multiple skill sets (e.g.,
skill @, and skill ®,), but a manager may enable/disable the
server’s participation in a particular server pool based on
forecast or emerging needs of the call center. For instance in
the morning a multi-skilled server may be deployed to a skill
pool servicing customer class 1, and be deployed to another
server pool in the afternoon. Therefore, the Routing Flow can
be time dependent.

[0039] Other assignment schemes are possible and the
present disclosure does not limit such flexible assignment
schemes. More skills, more levels of skills, and more complex
assignment processes are contemplated. Assignment
schemes may also vary for a particular server over time. For
example, a server may be assigned to only one server pool
during high call volume times, and assigned to other skill pool
during times experiencing low call volumes.

[0040] The total quantity of contacts in the call center 100
can include those contacts in the various queues and those
contacts being served. The time to have a contact disposi-
tioned through the call center can be the sum of t,+1, the time
a contact waited in a queue plus the time it took to be served
(e.g., by aserver). Total wait time metrics can be derived from
the individual queue metrics and serve time metrics.

[0041] There are several challenges in achieving efficient
call center resource allocation, and many variables to be
considered, including (1) prediction of customer contacts
(e.g., calls) and customer behavior associated therewith; (2)
prediction of the subject matter associated with the predicted
customer contacts; (3) deploying a sufficient quantity of
resources corresponding to the predicted volume and subject
matter of the contacts, including training and scheduling an
appropriate depth and breadth of skills commensurate to the
call center implementation (e.g., training and/or scheduling
servers corresponding to certain skill sets including hard and
soft, primary and additional skills) to manage the expected
range of customer contacts (e.g., problems, inquires, etc.).
[0042] Variousembodiments ofthe present disclosure meet
the above-mentioned challenges to quality of service. For
example, when a customer calls and there is no available
server corresponding to a particular customer class, the cus-
tomer is forced to wait in a queue, as described with respect to
FIG. 1. If the contact is abandoned due to a queue wait time
exceeding the customer’s patience and/or ability to continue
waiting, quality of service is negatively impacted since the
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contact did not result in an acceptable resolution. Further-
more, customers that wait too long in a queue for relevant
customer service usually perceive the customer service con-
tact more negatively, even if the contact ultimately results in
a resolution to the underlying issue prompting the contact.
Poor quality of service may lead to future loss of business
and/or other undesirable consequences for the company.

[0043] Quality of service can be measured, for example, by
surveys of customers and/or people who have had a particular
experience, such as a recent contact with a call center. Also,
certain objective aspects of call center performance can be
measured, such as volume, wait time, call length after being
answered, abandonment rates, etc.

[0044] Some entities contract for call center services. Qual-
ity of service terms, such as those referred to above, can be
included in contractual agreements. Such quality of service
terms can be referred to as a service level agreement (dis-
cussed further below). In case of contractual obligations, long
wait times may lead to violation of service level agreements,
and have associated express penalty costs.

[0045] Referring again to FIG. 1, to avoid quality of service
deterioration, each applicable server pool should be staffed
with enough servers to meet the expected contact volume and
expertise demands. Quality of service considerations are bal-
anced against the costs associated with having the necessary
resource available and setting up a rich variety of skill sets.

[0046] The optimal selection of skill sets is complex. Pre-
vious approaches to resource allocation models often limit
the complexity with an assumption of a server having only a
single skill set. In a multi-skilled environment (e.g., servers
have more than one skill set), a server’s skill mix adds addi-
tional complication to an already complex problem. That is,
servers can be cross-skilled, having for example, a primary
skill set and a secondary skill set, or more than two skill sets.
A server can have a different proficiency in each of multiple
skill sets. For example, a server may be an expert in skill set
1 (related to customer class 1), have adequate knowledge (e.g.
as a mid/advanced trainee) in skill set 2, and have no knowl-
edge with respect to skill 3. As such, the server may be
deployed in a call center as a primary resource with respect to
skill set 1, and as a back-up (e.g., overflow) resource with
respect to skill set 2, and not be available to handle contacts
related to skill set 3. A server may only be able to handle
effectively a limited number of skills.

[0047] Increased scheduling flexibility may be realized uti-
lizing servers with multiple skills. For example, low call
center contact volume of several customer classes can cause
low resource allocation levels and low resource utilization
since servers will spend time waiting for calls to arrive. Meet-
ing resource demands associated with several low volume
and/or unpredictable customer classes (e.g., corresponding
with server skill sets) by utilizing servers having multiple
skills applicable to those customer classes can aid in smooth-
ing out the work load of the servers by a manageable diver-
sification.

[0048] Use of multi-skilled (e.g., cross-trained) servers can
increase call traffic into a given server pool, and therefore
improve resource utilization. For call centers managing a
large number of skills, the problem of determining the mix
and quantity of servers for each type of skill over time can be
a complex resource allocation problem unless simplified yet
restricting assumptions are employed, such as assuming a
single skill per server pool.
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[0049] According to embodiments of the present disclo-
sure, a methodology to address several problems of resource
allocation call centers that remove the limitations and
assumptions of previous approaches is described. The present
approach involves a simulation with optimization, including
Monte Carlo and discrete event simulation. More specifically,
one or more embodiments of the present disclosure involve an
iterative multi skilled staffing approach. Generally, the simu-
lations measure one or more call center quality of service
metrics for various resource allocation configurations tested
against instances of call center contact arrival and servicing
characteristics selected from probability distributions of con-
tact arrival and servicing characteristics, which forecast the
arrivals and corresponding contacts serviced. The method of
the present disclosure uses the probability distribution of
several parameters of the system estimated through simula-
tion to determine the most cost-effective staffing level of
corresponding skill sets that fulfills the projected workload of
these contacts while satisfying desired service levels (e.g., a
probability that calls will be answered within an agreed
response time).

[0050] FIG. 2 is a flow chart illustrating an example of a
method for determining call center resource allocation
according to the present disclosure. First, statistical modeling
is done using the parameters of the call center system based
on historical data, as shown at 230. Then, at 232, staffing
curves are estimated to satisfy service levels. At 234, a
response to the staffing level is simulated over a number of
iterations, and the probability distribution of the system
response is estimated, as shown at 236. Multiple iterations of
simulation(s) can be run in order to optimize call center
resource allocation, as indicated at 237. Solution convergence
is tested at 238 of FIG. 2, and a convergence decision deter-
mined at 240. If a solution converges, the process stops.
Staffing of the last cycle represents the best solution for staff-
ing the call center, as indicated at 242, and the best staffing
solution can be utilized in allocating call center resource(s),
as shown at 244. If a solution does not converge, the process
loops back to estimate staffing curves to satisfy service levels,
as shown at 232. The following description provides more
detail to the method for determining call center resource
allocation as briefly described with respect to FIG. 2.

Definitions of Parameters

[0051] A system such as AVAYA (commercial software to
collect data on calls) can be used to build the statistical mod-
els of the parameters of the call center from historical data
(e.g., 230 in FIG. 2). The call volume is assumed to have
intraday variability. The mean of call arrivals (demand) varies
with respect to time of day t; typically the intraday period
(minute or interval of 15 minutes). The planning horizon is a
discrete set of periods [1, T]. Time-varying arrival-rate func-
tion is defined as {\,, 1=t=T} calls per unit of time of
customer class i=1, . . . , m; and with the assumption that
independent and identically distributed (i.i.d.) random ser-
vice times with v™! average service time of the calls. The term
07! is defined as the average time to abandonment before the
customer is served, reflecting customer impatience in the
queue. The number of servers (e.g., call center agents serving
customers) at each time t for the period is defined as a
sequence of integer values {s, 1=t=T}, referred to herein as
the resource allocation policy.

Simulation of Call Center

[0052] The following is a simplified description of the
simulation process, according to the present disclosure, such
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as that shown in FIG. 2 at 234. First, the interesting activities
of a call center are simulated, such as resource allocation
input/output (1/0), customer arrivals, routing, service han-
dling, queuing, abandonment, shifts schedules, agent breaks,
service completions, customer exits, etc. Each simulation
run, or replica, runs over the planning time horizon. For each
iteration n=1, 2, . . ., created, and in each iteration n of the
process, M replicas of the simulation are run, each replica
with random arrivals following a stochastic arrival process
according to a Poisson process. Note that the simulation may
generate any arrival distribution of the inter-arrival time for
the arrival process, but it will be assumed here that A, is the
mean of a Poisson process (e.g., a probability distribution). In
any time period t, the likelihood of having a customer arrival
is simulated as A, t, where 3t is the length of each period
which is sufficiently small such that there is no more than one
customer arrives in each period. Service time can be similarly
simulated with a completion of a customer currently being
served having likelihood of 1, 8t over the next period of time
Ot. In each iteration convergence is tested, not stopping until
a criterion of convergence is successful within the particular
simulation.

[0053] Multiple simulations (e.g., replicas, iterations) are
used to understand the statistical behavior of the stochastic
variables listed below. In each iteration n, the stochastic pro-
cess is defined per period t of the system by:

[0054] N/=the number of customers being served,

[0055] Q/=the number of customers waiting in the
queue,

[0056] A=the number of abandonments, and

[0057] Z7=(N+Q), (total number of customers in the
system at t.)

[0058] The events occur over the planning horizon as fol-
lows: {arrivals of customers, service starts and service
completions, abandonments, start and end of shifts}. The
above variables are stochastic paths of the system that can be
estimated by the simulation. Closed form formulas of these
random variables in a real setting are not available, since the
system is very complex and intractable to solve. Hence mul-
tiple replicas of simulation are used to determine approxima-
tions of the distributions of these variables.

Service Levels

[0059] A broad definition of service level agreement (SLA)
is denoted by a service level agreement SLA(«, 9). An SLA
may include a standard to answer an o fraction of calls to a
call center within 8 seconds. For instance, a SLA(.9, 20)
constraint requires answering at least 90% of the calls within
20 seconds of arrival. An SLA(.8, 120) requires answering
80% of the calls within 120 seconds, etc.

[0060] The number of contacts (e.g., customers) in the sys-
tem is both those in the queue (e.g., waiting to be served) and
those being served. Contacts refer to a contact with the call
center, such as a telephone call or an electronic message.
Since SLA measures quality of service for those contacts in
the queue over a maximum delay to be served, a contact in the
queue for which the SLA is not satisfied can be quantified.
Quantifying the queue can be done in the simulation by track-
ing delay per contact.

[0061] In each simulation and for every t, the quantity of
customers waiting in queue can be recorded, and those cus-
tomers in the queue exceeding the maximum wait time speci-
fied by an SLLA, 9, can be counted for the purpose of estimat-
ing the SLA. If ¢ is assumed to be a customer ID waiting in the
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queue, Q, to be a list of customer 1Ds at time t, and w(c)=t—
t,(c) is the waiting time for customer ¢ (from time of arrival
(t,) to time t), then:

Qt(é)zxcsgl(w(c)>6)

where Q, denotes the number of customers in the queue that
have violated the SLA. The indicator function

1, if condition R holds true
Lgy =

0, otherwise.

Normally Q, is a function of 3, but it is omitted in the formu-
lation above for simplicity. However, the dependency is con-
sidered in the calculations. Since the simulation records all
the events, overall SLA metrics can be estimated by

Z Lonter=o)

&= ceC’
1€ = 2 Towos)
ceA

where |Cl is the number of customers that arrived during the
planning horizon, A is the set of customers who abandon, and
C' is the set of customers who do not abandon (C'=C\A, set
difference between sets C and A).

Abandonments

[0062] According to the above-mentioned customer count-
ing process, customers in queue that eventually abandon are
counted if they wait more than 87" seconds before leaving a
queue, where 07! is defined as the average time to abandon-
ment before the customer is served, reflecting customer impa-
tience in the queue. If customers abandon earlier than the
maximum waiting time to be served (e.g., 9), the customers
will not be counted in the measure of SLA. However, the
methods of the present disclosure can be implemented with
other conventions regarding counting particular contacts in
performance metrics.

[0063] A longer SLA maximum wait time increases server
utilization at the expense of customer experience. In some
cases, like e-mail services, an acceptable response time might
be 60 minutes or even more, but the same 60 minutes wait
time on the phone might be considered too long and result in
a poor service image, and potential loss of good will from
affected customers. Another drawback of less stringent SLA
criterion is the interaction between maximum wait time and
the actual impatience rate of customers.

[0064] Ifaqueue waittime is long and customer impatience
is high, then the queue can experience a high number of
abandonments that can cut effective demand arrival and pos-
sibly significant retrials which distort future true demand
quantification. Thus the average time to abandonment should
be checked to be less than the maximum delay time by a
factor: 67'=k*8, where k is a safety factor constant, typically
greater than 1. If this condition fails, then a flag can be set to
indicate the possibility of a large quantity of abandonments
due to impatience over long delays. If the above condition
fails, both the practicality of the SLA is questionable and the
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behavior of the algorithm may be unreasonable. Therefore,
for the discussion that follows, the inequality above is
assumed to be true. One objective is to find the least number
of servers at any period t that can handle the workload
imposed by the arrivals and that satisfies the quality of service
constraints (e.g., set forth in an SLA).

Iterative Staffing of Skillset Algorithm (ISSA)—Single Skill
Set Case

[0065] In this special case, there is only one skill set with
possible multiple skills grouped in a single staffing pool. A
single skill set intends a single set of skills, rather than a set
involving a single skill. For example, a single skill set can be
a single set of 5-7 skills. However, the single set is not so
limited, and may be a set having fewer or more skills. Thus,
there may be multiple queues feeding multiple customer class
contacts into a one pool of resources (NSP=1 in FIG. 1).

[0066] To develop the multi-skill staffing method, as used
herein, customer class i refers to a class of customers those
contact correspond to (e.g., can be addressed by) a particular
skill pool. Per conventional notation practices, V, indicates
for all i. The term k denotes the staffing pool, with k=1, .. .,
r, where r=number of staffing pools (NSP), =NSP as shown
in FIG. 1.

[0067] The following methodology creates an optimal
resource allocation level {s, 1=t=T} and converges in a
finite time. First, before the method is started, the following
conditions are set:

e:=1, n:=0, N"#=400.

[0068] N is set large enough to provide a proper sample
probability distribution, and may be more or fewer than 400
replicas as appropriate (e.g., 100), although 400 is normally a
large enough statistical sampling.

[0069] The aggregated arrival rate, X,:ZZZI'"}%, and the
aggregated service rate,

are calculated.

[0070] To determine the resource allocation value for the
first iteration, two methods may be used. In some cases it is
recommended to use the infinite server approximation by
setting:

A
502w

t

[0071] where M is a big number. In this case M>10 suffices.
Inthe infinite approximation, the output of the first cycle is the
number of busy servers, which can be used as a good approxi-
mation for a near 100% service level.

[0072] A second method to set the initial value of S, is a
closer approximation to the optimal value estimated by the
square root staffing formula:
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5

50 :B +B,/ ?
Ay A,

where the brackets indicate the smallest integer larger than or
equal to the number resulting from the sum in the argument.
P is a service quality factor, which is estimated as follows: let
®(f) denote the standard normal cumulative distribution
(cdf), and considering the SLA a or the quality of service
requirement. Then f is the value that satisfies

a=1-®(R).

[0073] Case r=1. Iterations of N replica simulations can

progress as follows, starting with n=0:

[0074] 1.Atiterationn, fix {,%:1=t=T} and simulate N"*?
replicas, where S,

[0075] defines the resource allocation (e.g., staffing of serv-

ers) at time t for iteration n.

[0076] 2. Then build the probability distribution of 7, for
all t, which is the total number of customers in the call
center system at t.

[0077] 3.Foreacht; 0=t=T, let S,* be the least number
of servers so that a delay-probability constraint is met at
time t, such that:

s D=argmin{bEN:P(Z/Zb)=Za},

where N is the set of non-negative integers. Meeting the

delay-probability constraint means that the probability of a

delay in serving a contact (e.g., customer) before the SLA-

specified delay is less than or equal to a target probability.

[0078] 4.If max{ls,"*"-s ’:1=t=T}=e, then stop. That
is, if a maximum difference in optimal staffing level (i.e.,
resource allocation) between consecutive iterations is less
than a stability criterion (e.g., €), then stop further itera-
tions. If not, increment n by 1 (to n+1) and continue with
another iteration (e.g., repeat item 1 above).

[0079] In order to build the probability distribution in item
2, ahistogram is built with the N replicas of the simulation.
Also, with respect to calculating the probability in item 3, a
method of frequency estimation that satisfies a suffices. In a
simulation with relatively large sample size, the estimated
probability from frequency estimation approximates the true
probabilities of the process.

[0080] The above-described methodology works for single
skill set (single pool), or for multi-skills with homogeneous
servers (i.e., each server has the same skill(s)). Construction
of'probability distributions appropriate to describe the behav-
ior of contact arrivals for item 2 can utilize conventional
methods (not described here) in simulation, as long as differ-
ent seeds are used to generate the arrivals in each replica.
Similar methodology can be applied to the simulation of
maximum waiting time per customer.

[0081] The output of the item 1 simulation is used in item 2
to estimate the probability distributions of the stochastic path
of customers (e.g., contacts) in the system. Item 3 carries out
a search in the probability distribution, and a convergence
criterion (e.g., indicative of stability) is tested in item 4. The
methodology described above tends to converge quickly in
practical problems. However, limitations of this approach are
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that it works for a single skill, and neglects scheduling con-
straints. These limitations are addressed in the following dis-
cussions.

Constraining Customer Abandonments

[0082] The above-described methodology includes the
SLA constraint (e.g., ) in item 3. Alternatively, a maximum
number of abandonments can be introduced as a quality of
service constraint. An SLA with a cap on the quantity of
abandonments can be denoted by SLA (a,, 9, a,), where a,, is
the fraction of admissible abandonments:

Ay A
— =m,or ;= —.
Z; @

[0083] To satisfy SLA (c, 9, a,) the constraint equation:

7= max(::—z’, N;+0,0))

can be used. By default, =0, and a,=1, which implies the
requirement is zero delay and abandonment behavior can be
ignored. According to the formula for Z” shown above, Z can
be interpreted as the total number of customers (e.g., con-
tacts) in the system. However, Z/ could also indicate a cap to
the total number of customers (e.g., contacts) in the system
that would yield an acceptable abandonment SLLA percent-
age.

Tterative Multi Skill Allocation (IMSA) Method

[0084] TheISSA described in the previous section is ableto
address the Markovian time dependent, with general behavior
of service time kind of queue, where the number of servers is
scheduled (e.g., fixed but varies with time), accounting for
certain other parameters such impatience (e.g., M,/G/s+G)
queue model with abandonment rate, and varying arrival rates
in a single skill environment. More generally, the ISSA is
assumed to be able to address any complex queuing aspect of
the contact centers, such as retrials, agents flexibility in their
schedule, etc., as long as these features are simulated. How-
ever, to do so issues should be addressed on search and esti-
mation of statistical distributions. The previous model
addresses multiple skills with homogeneous servers, each
server capable of handling any customer class.
[0085] The multi-skilled problem is addressed next. Some
assumptions are laid out that are considered natural or not too
restrictive. Let m be the number of heterogeneous customer
class arrivals, each customer class i=1, ..., m requires a server
to hold a corresponding skill. Denote by @, a skill set capa-
bility of staffing group k (also the combination of customer
classes that can be served). Thus, a skill group kis also a pool
ofhomogeneous servers, k=1, . . ., r, each with a distinct skill
set distinct from that of any other group.
[0086] Denote:

[0087] 1. The customer class arrival rate functions by

N 1=t=T}, =1, ..., m

[0088] 2.Serversinpoolk=l,...,r, perperiodtbys, =0

[0089] 3. Skill set ®,={skill i:i can be served by k € {1,
... rhandi€{1,...,m}}

[0090] 4. (i.i.d.) random service times with mean ;' by

pool k for customer class i
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[0091] 5. The resource allocation vector by {s=(s;s,. . .
s,), s € N} N is a vector of integers
[0092] 6. Family of resource allocation functions by {s=
(8184;- - - 8,0, 8, ENHtEN}, t €[ 1, N], where N”is the
set of non-negative integers in r dimension (or a vector of
r values).
Simulation of Events with Multi Skill Based Routing
[0093] Now the simulation can be extended to a multi skill
environment with any number of staffing groups and arbitrary
routing flow. The simulation in a multi skill environment can
be defined by routing jobs to servers trained for particular
skills. The rules to select an agent from among multiple skill
sets can be assigned according to different priority mecha-
nisms. In FIFO, the longest waiting time job is assigned to the
first available server. The first arriving job is assigned to the
longest idle server.
[0094] According to a Primary/Secondary role implemen-
tation, the FIFO rule applies first to agents assigned as pri-
mary roles. If no primary role is found, then secondary role
agents are searched and assigned. For every skill i; and pool k;

0095] the events required in the simulation include:
q
[0096] 1. {customers arrival by class i}
[0097] 2. {customers service start by class i, assigned to

an agent in pool k}

[0098] 3. {service completion of class i, performed by k}
[0099] 4. {customers abandonment by class i}
[0100] 5. {shifts of agents begin/end by pool k}

Note that a router implementing any arbitrary policy is also
simulated to allow flow of contacts between item 1 and item
2 above. The simulator performing these steps also records
the data from events for each of the M simulations replicas
to estimate the probability distributions of the several vari-
ables described in next section.

Stochastic Processes Estimation

[0101] According to one or more embodiments of the
present disclosure, service levels can be estimated as follows.
For every iteration n, the simulation can be run with M™#
replicas, each replica under a fix staffing curve {s=(s,,s,, . . .
$,.), 8, € N'}, t €[1,N]. For each customer class, three pro-
cesses or paths can be defined within the simulation:
[0102] N, “=the number of customers of class i being
served by skill pool k at t,
[0103] Q% =the number of customers of class i waiting
in its queue,
[0104] A,=the number of abandonments of class i
from its queue.
In the following section two network functions are used. If a
queue i is connected to pool k, then i € ¢,. Also, the set of
server pools connected to a queue is denoted by k(i)={k:i €

it

Meeting Service Level Constraints by Customer Class

[0105] The most common and critical objective in operat-
ing contact centers is to minimize resource allocation while
satisfying the SL A for each customer class. Let X, i=1,...m
denote the distribution of servers required to serving cus-
tomer class i can be estimated by using the skill based routing
simulation stochastic processes and N,,,*” and Q,”. This
allocation is equivalent to the number of servers working in
each class plus the contacts waiting in its corresponding
queue at time t
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Xo= Y NG+ i=1, . m. (&)
kek(i)

Thus, the minimum number of servers needed by class to
meet the service levels is:

yi=arg min{b € N:P(X;"=b)Zq,}, Vi, V2. )

The value y,, is the number of servers required by class i.
Servers are grouped by pools. The network of the routing flow
(e.g., illustrated in FIG. 1) permits the pools to combine
resources to fulfill the number of servers needed per class,
which can be translated into servers assigned to server pools.
This is necessary because the server pools to be scheduled
generally will have a skill set with more than one skill. To
allocate the servers required in each server pool the flow of
contacts can be allowed to be assigned proportionally to the
capacities of server pools interconnected to each class, which
can be approximated by:

o (3)
S
X = E yirla—ltll;,Vk;V[,,
St Hij

et =)

where k(i)={k:i € ¢,}. Since the allocation is approximated
from current staffing curves s,,*, s, ** is the new allocation
(or the allocation to be used in next iteration in the algorithm).

Imposing Service Level Constraints to Server Pools

[0106] Sometimes customers do not demand strict SLAs,
but the service provider nonetheless imposes service levels to
the staffing to pursue excellence. Various SLAs can be defined
per server pool, in order to segment manpower by various
quality of service. To obtain the minimal staffing of server
pools subject to an imposed SLA constraint on each server
pool, a similar process to that shown in previous section is
replicated.

[0107] LetZ=(Z,,,Z5,,...,Z,,) denote the distribution of
customers in the system “allocated” to each pool k=1, ..., r
in period t. To calculate the allocation of customers, the num-
ber of customers from each class being served by each pool
N, is used directly, and the number of customers from each
queue are re-allocated to each pool.

The customers in m queues are re-allocated to r pools as
follows. Again, the queue is allowed to flow to servers pro-
portionally to pools capacity:

() )
Q(_n) Sk iz

it Z T is L.
Jt

Jektiy

The queue i is allocated to server k proportionally to a net-
work capacity. By definition, the total allocation of all queues
to server k is sum of each allocated queue served by k, as
follows:
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iy =

o, ®)
7P = Z NG+ E o R l::’; Yk Vo
Z (Sjr ij)

Jektiy

The rationale for such an allocation is that contacts will be
allocated to servers proportionally to their capacity, and to the
service rate (speed to service); logically, the probability thata
customer will find an available server depends on capacity
and how soon it is released. Hence, the minimum pool size
that meets each skill pool’s delay-probability o is:

z=arg min{b € N:P(Z;,;=b)=a}, Vk Vi (6)

[0108] The terms (3) and (6) identify the resource alloca-
tion requirements to fulfill the SLA constraints by class and
server pools respectively. In most practical situations, it is
only critical to meet the SLA contractually required by cus-
tomer classes, while the need to meet the SLA by pool bears
on managerial needs. These values can be non-integers
because fractional allocation is permissible. If only customer
class SLA constraint is critical, then Z can be set equal to zero.
Potentially, one or more pools may have a lower than
expected service level; however, but as a result will experi-
ence greater utilization levels.

Tterative Multi Skill Allocation (IMSA) Algorithm

[0109] The general case is where r>1, or it involves a mul-
tiple skill set according to a general network of customer
classes connected to any collection of skill sets. The topology
of'the network is assumed to be defined by a finite collection
of skill sets, as many as server pools, and each with any
combination of skills. According to embodiments of the
present disclosure, an iterative approach can be used to check
on SLA fulfillment for every queue. If a large initial resource
allocation is initially used (e.g., for afirst iteration), the end of
the first iteration in the algorithm shall provide the solution of
the infinite server approximation (8,*).
[0110] 1. Setup is started. To determine the first resource
allocation value, two methods can be used. For an infinite
server approximation, a loose bound can be used such as:

A
S,((?) =M=

icplk)

it
—, Yk,
[k (D)lptix

where usually M>10 and Ik(i)! is the number of elements in
the set, i.e. the number of servers that can serve the classi. The
square root formula can be applied as follows. Let

1 /\ir

|k(l')|‘.€¢(k) Hik

Ly

Vk,t, then
Skz(o):[Lkz*'ﬁ(ak) VL, Vit
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with &k estimated as the average of the SLA served by the
group. That is

Zm

iegy

A

Qy =

[0111] Note that the use of the square root formula gives a
tighter bound to the optimal solution, and thus converges
much faster.

[0112] Set &:=1, and n:=1, and M"#=400 replications per
iteration.

[0113]

S={(s,5, . - -, S 11T}

[0114] 3. Evaluate the probability distributions of the sto-
chastic processes:

[0115] X, i=1, ..., m from paths N, and Q,",
provided by equation (1) above.

[0116] 4.Foreacht; 1=t=T; let S, be the least number
of servers that meet delay-probabilities that satisfy cus-
tomer class service level calculated by equation (3),
derived from the equations (1) and (2).

[0117] 5. If Max {1, *V-S/|:1=t=T}=e, then stop, and
let S"*! be the best solution. Otherwise replace S” by S™*!
and repeat item 2 above.

2. During iteration n of the simulation, fix:

To meet service level imposed to resources in item 4 equation
(6) is used instead of equation (3), to calculate S™** the staff-
ing of next iteration, which in turn requires equations (4) and

).
Minimizing Resource Allocation Cost

[0118] When the cost of the resource allocation level is
known and dependent on a particular skill group, or time of
day (e.g., overnight shifts), then it make sense to minimize
total cost as opposed to minimize total headcount. The meth-
odology can be adjusted to consider for optimizing total cost
as follows, including resource allocation. The cost per skill
group k in period t is c;,. The term x,,, is defined as the
allocation of the servers from pool k into serving the custom-
ers of class i required to fulfill the SLA in period t. The
following linear program can be used to choose the cost
efficient allocation for all periods and all server pools:

Linear Programming (L.P) Model:

[0119]
T r )]
minZ chrZ Xigt
= k=l =%
Z Z Xie Z Yira ¥ 1 (®)
T ke
Xige = 0.

Vi = argminfbe N: PXP =b)<a;), Vi V1

The value for y,,Z0, is determined by the equation (2).
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[0120] The LP can be used in the IMSA method. Item 4 is
replaced in the IMSA method by item 4a and 4b as follows:
[0121] 4a. After completing the simulations (item 2), and
constructing the probability distribution of X (item 3),
calculate y,, =0, according to the equation (2) above, and
use it to build the set of constraints in the LP Model.
[0122] 4b. Solve the LP model by using any solver, such as
CPLEX or open source solver. Let x,;,*=arg min TC, Vikt,
then calculate the staffing curve for next iteration by:

(n+1) _ *
S = Z Hies ¥ Ko
iegy

where xj,, = argmin the LP Model, V kz

There are several advantages when using the L.P model within
1MSA. One, if there are different cost per type of resources,
because of the skills involved, then this is an accurate method
to minimize total costs. Also, it is possible to introduce a rich
set of business variables in the LP model, which can depend
on the business setting, for instance, smoothing out staffing,
limiting number of resources per group, etc. The formulation
above is the simplest that can efficiently solve the resource
allocation problem.

IMSA with Scheduling Costs

[0123] In this method scheduling constraints are intro-
duced in the methods discussed previously above, the optimal
resource allocation curve was developed, such that a sched-
uler could be used to assign servers to shifts. Such a problem
can be solved by using a bin packing problem approach where
the resource allocation curve is aggregated from the shifts to
satisfy at least the optimal resource allocation created by the
IMSA.

[0124] Althoughthis process is simpler and faster, it creates
a gap in optimally when scheduling is restrictive. In order to
reduce this gap the joint resource allocation/scheduling prob-
lem is solved as follows. Define A as a matrix that defines all
the permissible shifts that can be assigned to any agent. A
equals an NSxT-dimensional matrix, where NS is equal to the
number of shifts. Thus, a, =1 if shift j is operating in period t,
otherwise a,,=0. Define b, , as the number of servers from skill
group k scheduled to work into shiftj. Define c, ; as the cost of
a server in group k assigned for the shift j. The scheduling
problem can then be formulated as follows:

LP2 Model
[0125]

NS r
minz Z ciubj
=l k=1
NS

Zaj;bjk > inkrs Ykt

= =

~

Xike = Yie, ¥ i, 1
=1

O=xy, =M

[0126] The value for y,,Z0, is determined by the equation
(2), and where M is any sufficiently large number; x,,, is the
allocation of server capacity from server pool k into customer
class i at period t. In this case the variables for allocation are



US 2012/0087486 Al

auxiliary variables derived from two set of constraints. The
first set of constraints indicate that server capacity can not be
allocated from a server pool k to a customer class i more than
the resources scheduled in such a pool. The second set of
constraints indicate that enough server capacity must allo-
cated from every possible pool into such a customer class, in
order to satisty the quantity y required to meet the service
levels.

[0127] The LP2 can be used in the IMSA method. Item 4
can be replaced in the IMSA method as follows: 4+LP2. After
completing the simulations in each iteration, calculate y,, =0,
according to the equation for y,, above, and use it to build the
LP2 model. The LP model can be solved by using any solver,
such as CPLEX or any open source solver. The staffing curve
can be set for the next iteration cycle from the optimal solu-
tion in the LP:

NS
(n+1
Sl(a ’= Z b}kajra vk,
J=1

where b% = argmin the LP2 Model, ¥ jk

[0128] The solution of the LP above can be fed into IMSA
similar to that described as above. This problem can be more
difficult to solve than that in LP1, so it may require multiple
iterations to yield stable results. To alleviate this issue the
epsilon value can be relaxed in item 5 of the IMSA method.
The output of this method can be directly the agents sched-
uled at specific time shift, which can include break time
windows properly input in c;,. For instance, an epsilon value
of 2 may be allowed for a fraction of periods to speed up
convergence without sacrificing significantly optimality.

[0129] FIG. 3 illustrates a block diagram of an example of
a computing system for determining call center resource allo-
cation according to the present disclosure. The computing
system 350 can be comprised of a number of computing
resources communicatively coupled to the network 356. FIG.
3 shows a first computing device 352 that may also have an
associated data source 354, and may have one or more input/
output devices (e.g., keyboard, electronic display). A second
computing device 360 is also shown in FIG. 3 being commu-
nicatively coupled to the network 356, such that executable
instructions may be communicated through the network
between the first and second computing devices.

[0130] Second computing device 360 may include one or
more processors 362 communicatively coupled to a non-
transitory computer-readable medium 364. The non-transi-
tory computer-readable medium 364 may be structured to
store executable instructions 366 (e.g., one or more pro-
grams) that can be executed by the one or more processors
362 and/or data. The second computing device 360 may be
further communicatively coupled to a production device 368
(e.g., electronic display, printer, etc.). Second computing
device 360 can also be communicatively coupled to an exter-
nal computer-readable memory 370. The second computing
device 360 can cause an output to the production device 368,
for example, as a result of executing instructions of one or
more programs stored non-transitory computer-readable
medium 364, by the at least one processor 362, to implement
a system for determining call center resource allocation
according to the present disclosure. Causing an output can
include, but is not limited to, displaying text and images to an
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electronic display and/or printing text and images to a tan-
gible medium (e.g., paper). Executable instructions to deter-
mine call center staffing may be executed by the first 352
and/or second 360 computing device, stored in a database
such as may be maintained in external computer-readable
memory 370, output to production device 368, and/or printed
to a tangible medium.

[0131] One or more computers 355 (e.g., customer-owned
computers), telephones 358, and/or portable communication
devices 357, used to communicate with a call center, may also
be communicatively coupled to the network 356. Computers
355, telephones 358, and/or portable communication devices
357 may be communicatively coupled to the network 356 via
a communication link that includes a wireless portion. The
telephones 358 and/or portable communication devices 357
may be computing devices, and/or may include processing
resources. For example, a call center contact (e.g., 374-1, . . .
, 374-N) may be originated by a customer on one of a com-
puter 355, telephone 358, and/or portable communication
device 357, and routed through the network to the second
computing device 360, which may implement a call center
and/or a system for determining call center resource alloca-
tion. First 352 and second 360 computing devices are com-
municatively coupled to one another through the network
356. While the computing system is shown in FIG. 3 as
having only two computing devices, the computing system
can be comprised of additional multiple interconnected com-
puting devices, such as server devices and/or clients. Each
computing device can include control circuitry such as a
processor, a state machine, application specific integrated
circuit (ASIC), controller, and/or similar machine. As used
herein, the indefinite articles “a” and/or “an” can indicate one
or more than one of the named object. Thus, for example, “a
processor” can include one processor or more than one pro-
cessor, such as a parallel processing arrangement.

[0132] The control circuitry can have a structure that pro-
vides a given functionality, and/or execute computer-readable
instructions that are stored on a non-transitory computer-
readable medium (e.g., 354, 364, 370). The non-transitory
computer-readable medium can be integral (e.g., 364), or
communicatively coupled (e.g., 354, 370), to the respective
computing device (e.g. 352, 360), in either in a wired or
wireless manner. For example, the non-transitory computer-
readable medium can be an internal memory, a portable
memory, a portable disk, or a memory located internal to
another computing resource (e.g., enabling the computer-
readable instructions to be downloaded over the Internet).
The non-transitory computer-readable medium 330 can have
computer-readable instructions stored thereon that are
executed by the control circuitry (e.g., processor) to provide a
particular functionality.

[0133] The non-transitory computer-readable medium, as
used herein, can include volatile and/or non-volatile memory.
Volatile memory can include memory that depends upon
power to store information, such as various types of dynamic
random access memory (DRAM), among others. Non-vola-
tile memory can include memory that does not depend upon
power to store information. Examples of non-volatile
memory can include solid state media such as flash memory,
EEPROM, phase change random access memory (PCRAM),
among others. The non-transitory computer-readable
medium can include optical discs, digital video discs (DVD),
high definition digital versatile discs (HD DVD), compact
discs (CD), laser discs, and magnetic media such as tape
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drives, floppy discs, and hard drives, solid state media such as
flash memory, EEPROM, phase change random access
memory (PCRAM), as well as other types of machine-read-
able media.

[0134] FIG. 4 illustrates a block diagram of an example of
a computer readable medium (CRM) 464 in communication
with processing resources 460 according to the present dis-
closure. As used herein, processor resources 460 can include
one or a plurality of processors 462 such as in a parallel
processing arrangement. A computing device having proces-
sor resources can be in communication with, and/or receive a
tangible non-transitory computer readable medium (CRM)
464 storing a set of computer readable instructions 466 (e.g.,
software) for allocating call center resources, as described
herein.

[0135] As used herein, the indefinite articles “a” and/or
“an” can indicate one or more than one of the named object.
Thus, for example, “a processor” can include one processor or
more than one processor. Processor resources can be also be
control circuitry that can have a structure that provides a given
functionality, and/or execute computer-readable instructions
that are stored on an internal or external non-transitory com-
puter-readable medium. Non-transitory computer-readable
medium (e.g., 464), as used herein, can include volatile and/
or non-volatile memory. Volatile memory can include
memory that depends upon power to store information, such
as various types of dynamic random access memory
(DRAM), among others. Non-volatile memory can include
memory that does not depend upon power to store informa-
tion. Examples of non-volatile memory can include solid
state media such as flash memory, EEPROM, phase change
random access memory (PCRAM), magnetic memory such
as a hard disk, tape drives, floppy disk, and/or tape memory,
optical discs, digital video discs (DVD), high definition digi-
tal versatile discs (HD DVD), compact discs (CD), and/or a
solid state drive (SSD), flash memory, etc., as well as other
types of machine-readable media.

[0136] The non-transitory computer-readable medium can
be integral, or communicatively coupled, to a computing
device, in either in a wired or wireless manner. For example,
the non-transitory computer-readable medium can be an
internal memory, a portable memory, a portable disk, or a
memory located internal to another computing resource (e.g.,
enabling the computer-readable instructions to be down-
loaded over the Internet). The non-transitory computer-read-
able medium can have computer-readable instructions stored
thereon that are executed by the processing resources (e.g.,
control circuitry, processor(s)) to provide a particular func-
tionality.

[0137] The CRM 464 can be in communication with the
processing resources 460 via a communication path 476. The
communication path 476 can be local or remote to a machine
associated with the processing resources 460. Examples of a
local communication path 476 can include an electronic bus
internal to a machine such as a computer where the CRM 464
is one of volatile, non-volatile, fixed, and/or removable stor-
age medium in communication with the processing resources
460 via the electronic bus. Examples of such electronic buses
can include Industry Standard Architecture (ISA), Peripheral
Component Interconnect (PCI), Advanced Technology
Attachment (ATA), Small Computer System Interface
(SCSI), Universal Serial Bus (USB), among other types of
electronic buses and variants thereof.

Apr. 12,2012

[0138] In other examples, the communication path 476 can
be such that the CRM 464 is remote from the processing
resources 460 such as in the example of a network connection
between the CRM 464 and the processing resources 460 (e.g.,
the communication path 476 can be a network connection).
Examples of such a network connection can include a local
area network (LAN), a wide area network (WAN), a personal
area network (PAN), the Internet, among others. In such
examples, the CRM 464 may be associated with a first com-
puting device (e.g., aserver) and the processing resources 460
may be associated with a second computing device (e.g., a
client). The first and second computers can be in communi-
cation via a networked communication path 476.

[0139] Logiccanbe usedto implement the method(s) ofthe
present disclosure, in whole or part. Logic can be imple-
mented using appropriately configured hardware and/or soft-
ware. For example computers implementing a call center and
or analysis thereof can include logic to determine call center
resources staffing.

[0140] Theabove-mention logic portions may be discretely
implemented and/or implemented in a common arrangement.
Furthermore, the above-mention logic portions may be
included in one or more computing devices communicatively
coupled to the network device, which are arranged as a call
center and/or to provide resources for determining call center
resource allocation.

[0141] FIG. 5 is a flow chart illustrating an example of a
method for determining call center resource allocation
according to the present disclosure. As shown at 590, the
method can include modeling call center performance over an
operations time period, including: contact arrivals, contact
classification corresponding to at least one of multiple skill
pools, queuing order, queuing time, contact routing to a queue
associated with one of multiple skill pools based on contact
classification, staffing of the multiple skill pools with servers,
contact assignment from the queue to a particular server
associated with one of multiple skill pools, contact service
time, and abandoned contacts. A number of replicas of the
modeled call center performance are simulated over a plan-
ning time period, each replica having random contact arrivals
and contact service times following a stochastic arrival pro-
cess according to a probability distribution, as indicated at
592. Multiple iterations of each simulation are run, as indi-
cated at 594. A particular simulation iteration is tested against
a criterion of convergence, and illustrated at 596, stopping
when the criterion of convergence is successful within the
particular simulation iteration, as shown at 598.

[0142] The above specification, examples and data provide
a description of the method and applications, and use of the
system and method of the present disclosure. Since many
examples can be made without departing from the spirit and
scope of the system and method of the present disclosure, this
specification merely sets forth some of the many possible
embodiment configurations and implementations.

[0143] Although specific examples have been illustrated
and described herein, those of ordinary skill in the art will
appreciate that an arrangement calculated to achieve the same
results can be substituted for the specific examples shown.
This disclosure is intended to cover adaptations or variations
of one or more examples of the present disclosure. It is to be
understood that the above description has been made in an
illustrative fashion, and not a restrictive one. Combination of
the above examples, and other examples not specifically
described herein will be apparent to those of skill in the art
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upon reviewing the above description. The scope ofthe one or
more examples of the present disclosure includes other appli-
cations in which the above structures and methods are used.
Therefore, the scope of one or more examples of the present
disclosure should be determined with reference to the
appended claims, along with the full range of equivalents to
which such claims are entitled.

[0144] Various examples of the system and method for call
center resource allocation have been described in detail with
reference to the drawings, where like reference numerals
represent like parts and assemblies throughout the several
views. Referenceto various examples does not limit the scope
of the system and method for call center resource allocation,
which is limited just by the scope of the claims attached
hereto. Additionally, any examples set forth in this specifica-
tion are not intended to be limiting and merely set forth some
of the many possible examples for the claimed system and
method for call center resource allocation.

[0145] Throughout the specification and claims, the mean-
ings identified below do not necessarily limit the terms, but
merely provide illustrative examples for the terms. The mean-
ing of “a,” “an,” and “the” includes plural reference, and the
meaning of “in” includes “in” and “on.” The phrase “in an
embodiment,” as used herein does not necessarily refer to the
same embodiment, although it may.

[0146] In the foregoing discussion of the present disclo-
sure, reference is made to the accompanying drawings that
form a part hereof, and in which is shown by way of illustra-
tion how examples of the disclosure may be practiced. These
examples are described in sufficient detail to enable those of
ordinary skill in the art to practice the embodiments of this
disclosure, and it is to be understood that other examples may
be utilized and that process, electrical, and/or structural
changes may be made without departing from the scope of the
present disclosure. As used herein, the designators “N,” “M,”
and “X” particularly with respect to reference numerals in the
drawings, indicate that a number of the particular feature so
designated can be included with examples of the present
disclosure. The designators can represent the same or differ-
ent numbers of the particular features.

[0147] The figures attempt to follow a numbering conven-
tion in which the first digit or digits correspond to the drawing
figure number and the remaining digits identify an element or
component in the drawing. Similar elements or components
between different figures may be identified by the use of
similar digits. For example, 366 may reference element “66”
in FIG. 3, and a similar element may be referenced as 466 in
FIG. 4. Elements shown in the various figures herein can be
added, exchanged, and/or eliminated so as to provide a num-
ber of additional examples of the present disclosure. In addi-
tion, the proportion and the relative scale of the elements
provided in the figures are intended to illustrate the examples
of'the present disclosure, and should not be taken in a limiting
sense.

[0148] In the Detailed Description, some features are
grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not
to be interpreted as reflecting an intention that the disclosed
examples of the present disclosure have to use more features
than are expressly recited in each claim. Rather, as the fol-
lowing claims reflect, inventive subject matter lies in less than
all features of a single disclosed embodiment. Thus, the fol-
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lowing claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a separate
embodiment.

What is claimed:

1. A method for determining call center resource alloca-
tion, comprising:

modeling call center performance over an operations time

period using a computer;

simulating, using the computer, a number of replicas of the

modeled call center performance over a planning time
period, each replica having random contact arrivals and
contact service times following a stochastic arrival and
service process according to probability distributions of
inter-arrival time and service time;

running, on the computer, multiple iterations of each simu-

lation to optimize call center resource allocation;
testing a particular simulation iteration against a criterion
of convergence; and

allocating call center resource based on the particular

simulation iteration with a successful criterion of con-
vergence.
2. The method as set forth in claim 1, wherein the call
center performance includes: contact arrivals, contact classi-
fication corresponding to at least one of multiple skill pools,
queuing order; queuing time, contact routing to a queue asso-
ciated with one of multiple skill pools based on contact clas-
sification, staffing of the multiple skill pools with servers,
contact assignment from the queue to a particular server
associated with one of multiple skill pools, contact service
time, and abandoned contacts.
3. The method as set forth in claim 1, wherein events
included in a simulation of the modeled call center perfor-
mance for every server skill i, and skill pool k, include:
contact arrival by i; contact service start time by 1, k; contact
service completion time by i, k; customers abandonment by 1;
and server shift beginning and end times by k; server (k).
4. The method as set forth in claim 1, further comprising:
constraining the model to satisfy a service level agreement
(SLA), the SLA including at least a percentage of con-
tacts (a) be addressed in a specified queuing time; and

constraining the model to satisfy the SLA for each one of
multiple skill pools.

5. The method as set forth in claim 4, further comprising,
for each of the multiple skill pools, determining a minimum
pool size to at least meet a delay probability to satisfy the
SLA, the minimum pool size z,, being:

Z~arg min{b € N:P(Z;,=b)=a}, Vk;Vt

wherein a distribution of contacts in the call center model
allocated to each pool at time t for iterationn is Z,=(Z,, . . .,
Zr)t(n)s and

=N =N Jt

(n)
Sy
70 =N N+ E v ks v 1
PG
ekt
and

(n)

it (n),izl,...,m
by
ekt

for server k, 1 possible server skills, and j skill pools.
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6. The method as set forth in claim 4, further comprising
determining a minimum number of servers for each contact
classification to satisfy the SLA, the minimum number of
servers y,, for each contact classification being:

y=arg min{b € N:P(x,"W=q,}, Vi;Vt.

wherein a distribution of servers allocated to each of m con-
tact classifications at time I for iteration n is X=(X,, . . .,
Xm)t(n)s and

Y=y N@+oii=1 .., m

kek(i)

for server k, and i possible server skills.

7. The method as set forth in claim 6, further comprising
determining a minimum number of servers to assign to each
of'j skill pools

§ 5/(::)%/(
Xy = yi’# , Yk V1 where k(i) =tk :ie ¢}
iegy J’ #‘J

ekt

for server k, and wherein p is a respective weighted propor-
tionality allocation constant.

8. The method as set forth in claim 1, further comprising
determining, for a loose bound, an initial staffing value s, at
a first iteration of a simulation replica for skill pool k at time
tas

. KA , ¥k, r where M > 10, k(i) = M » ——
w ™ = |k<z>|
iclk)

and Ik(i)! is the number of servers that can serve the class i,
and where tis obtained by forecasting an interval to obtain an
infinite server approximation solution for staffing levels after
a first iteration.
9. The method as set forth in claim 1, further comprising:
determining, for a tight bound, an initial staffing values,, at
a first iteration of a simulation replica for skill pool k at
time t as

1 /L,

s,((?) |—Lk, + B@ )\ Liy ], Yk, r where L;; = |k(l)| i

icglk)

Vik,tand [k(i)! is the number of servers that can serve the class
1, and where t is obtained by forecasting an interval, with o,
estimated as the average of the SLA served by the group;

fixing S={(s, 55, . . . 5,)p 1=t=T};

evaluating probability distributions of stochastic processes
X,,i=1,...,mfrom paths N,,,*’ and Q,,% according to

) (n) ; .
Xy = Zlei Q. i=1,... ,m
kek()
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letting, for each t; 1=t=T, S/*' be a least number of
servers that meet delay-probabilities that satisfy cus-
tomer class service level calculated by

Skr Mk
Xpe = Yir o >
2 Sj Hij

R W=

stopping if Max{|S /-8 ":1=¢=T} =¢, with S"** being
the particular simulation iteration with the successful
criterion of convergence.
10. The method as set forth in claim 1, further comprising
determining a minimum cost of staffing the multiple skill
pools with servers over time T as

T
min E E ck,Zx;k,

= k=l 5%

where Z Z Xige = Yy ¥ i and s = Z Kies

T kek() icdy

Vk and
wherein X, is an allocation of servers from skill pool k to
satisty a service level agreement in period t and is a positive
integer, and the cost per skill pool k in period t is ¢,

11. The method as set forth in claim 1, further comprising
further comprising determining a minimum cost of schedul-
ing the multiple skill pools with servers as

NS r
l’ninZZCjkbjk

=1 k=l

NS

where Zaﬂb = Z Xigs, ¥ K, 1 and ZX"" =y, Vit
J=1 ey k=1

and wherein the cost per skill poolk in period tisc,, and X,
is an allocation of servers from skill pool k to satisfy a service
level agreement in period t and is a positive integer that
satisfies 0=x,,,=M.

12. A non-transitory computer-readable medium having
computer-readable instructions stored thereon that, if
executed by one or more processors, cause the one or more
processors to:

model call center performance over an operations time

period, call center performance including:

staffing of multiple skill pools with servers, some servers
having skills corresponding to more than one of the
multiple skill pools, and

contact assignment from the queue to a particular server
associated with one of multiple skill pools;

simulate a number of replicas of the modeled call center

performance over a planning time period, each replica
having random contact arrivals and contact service times
following a stochastic arrival process according to a
Poisson probability distribution;

run on the computer multiple iterations of each simulation

to optimize call center resource allocation;
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test a particular simulation iteration against a criterion of

convergence; and

allocate call center resource based on the particular simu-

lation iteration with a successful criterion of conver-
gence.

13. The non-transitory computer-readable medium of
claim 12, further having computer-readable instructions
stored thereon that, if executed by one or more processors,
cause the one or more processors to assign a contact to a
particular server associated with one of multiple skill pools
based on first-in, first-out (FIFO) rules, wherein a particular
contact is assigned to a first available server associated with
the one of multiple skill pools, and a contact routed earliest to
a queue associated with one of multiple skill pools is assigned
to a longest idle server.

14. The non-transitory computer-readable medium of
claim 12, further having computer-readable instructions
stored thereon that, if executed by one or more processors,
cause the one or more processors to assign a contact to a
particular server associated with one of multiple skill pools
based on primary/secondary roles rules, wherein the FIFO
rules are applied first to servers associated with the one of
multiple skill pools as a primary role, and if a server associ-
ated with the one of multiple skill pools as a primary role is
notavailable then the FIFO rules are applied second to servers
associated with the one of multiple skill pools as a secondary
role.
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15. A system for assigning support in a customer support
system comprising:

logic to model call center performance over an operations
time period, call center performance including: contact
arrivals, contact classification corresponding to at least
one of multiple skill pools, queuing order, queuing time,
contact routing to a queue associated with one of mul-
tiple skill pools based on contact classification, staffing
of the multiple skill pools with servers, contact assign-
ment from the queue to a particular server associated
with one of multiple skill pools, contact service time,
and abandoned contacts;

logic to simulate a number of replicas of the modeled call
center performance over a planning time period, each
replica having random contact arrivals and contact ser-
vice times following a stochastic arrival process accord-
ing to a Poisson probability distribution;

logic to run on the computer multiple iterations of each
simulation to optimize call center resource allocation;

logic to test a particular simulation iteration against a cri-
terion of convergence; and

logic to allocate call center resource based on the particular
simulation iteration with a successful criterion of
convergence.



